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The Reorganization of the Educational System 

'Pins i.s largely a (iiiestinn of tin* re«irieii<atinn of 
oiii* ediM'alioiial aims ami polieie.s so as <o eHe<*t a 
ra<li<*al eliaiige in llie sfrueliin*, I’ontcMif.s, ami metliotls 
of oiir national edm*ati<nial system. 'Phe eliaraeter, 
((iiality, ami volnim^ of supply of tin* produets 
of our <*du<*a(ional factories in their dilVereiit 
sfag<*s and grades mii.sfc lx* so regnlat<*d as to he in 
ixtuWihvium ^vith tin* demand for them arising out of 
the ])rogressive d(*vi'lo\xnent of tin* diiV<*rc‘nt d<‘part- 
ments of our national life Such n*orientatioii, it i.s 
obvious, must he planuc'd on a long-range basis 
.so that, siinrdtaiieously with the growth of demand 
for ditl’erent kiinls <d' abilities and tidents. then* may 
be a <'orresponding groAvth in their supply. In the 
framing and carrying out of such a |)lan of educa- 
tional recon.struction, the ])rineipal aim that shouhl 
be kept, .steadily in view is that the pni<lu<*ts nf our 
educational institutions must tit. in with tin* re<|uire- 
ments of all-round <*conomi<* and six'ial progre.ss of 
a groat, modern nation. 

Now, although there, are still gr<*at ditVereiices 
of opinions on mait(*rs of details, we believe that 
there is a .substantial measure of agreement among 
all sections of the ])ublie that the main principles 
of edueiitional ree«»nst ruction shouhl be as follows : 

Primary Education 

Here the principal reciuirenient is the e.stabli.sh- 
ment of compulsory, universal primary edneatioii on 


a really etVeelive standard and with a piactic.d. indus- 
trial, or agricidtiiral bias. It is furtln*r ri*cngni/ed 
on all hands that the piu'iod nf .sehnnling at (he 
primary .stage should br extended from four to si.v 
y<*ars so (hat literacy might be |)(‘rmaneni and 
(‘iVective. 

In (his conneelion it is imp(»rtant to note th.at 
the establ^.•^hmr‘n( of univers.il primar\ education will 
aiisorb m.'iny t housamis (d educated ycnnig men ami 
women In August last, tlie DeparlmenI «d’ Mduea- 
tion, tiovernment of Itengal. ixiblished sonu* valuable 
statistii's on pi’iinai’y education, on tin* basis of which 
we <*an form some dclinite idea of tin* scope for 
employment that will be foumi in the expan.Ninn of 
primary education. ,Vt pn'si'ut, there an* some :Vi 
lakhs oi lM>ys and girls of tin? .M*lniol-going age (ll-IO 
years) in Ih'iigal. Of the^c, *J.‘> lakhs are ;ic(ually 
reading in (il.Oljt) schools, manned by some SO.OOt) 
teaeluTs. "Phe ( iov(*rnment are of the* opinion that 
a more rational and economic distribution of the 
schools Avill enable ns to giv«* elle»'tiv<* edmaitioii to 
thc.se* lakhs of juvenile .scholars in HkOOtl s<-hools 
to be slatted by some* li 1,1)00 t(*acher.s, ea<‘h s<*hool to 
<*ost Its. li.a in .salarif*s. Even on tin* basis of the 
(Sovernment plan, whie'h, howev(*r, is subject to 
many oriticisms on priiieiph* and details, it is found 
that, in (»rder to t*nabh* tin* remaining '20 lakhs of 
boys and girls of the s(*hool-going age to be at school, 
we have to provide at lea.st another ‘20,000 sehoob 
and 80,000 teachers. But if, as has been righMy 
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suiX{;cstc<l l>y tin* Snin’ii Oniiiinittoe, lln* si'linoliiig 
is rnisod from 1 to l> yoars, sclinol must 

have six fc:i<*lu*rs, so tlial llu* total iiiiiiiImt t)f tea- 
chers required would Im? wliieli will mean an 

addition of |,:}t),()l )0 teachers to the estimated number 
of S 0 ,t)t )0 t<*achers who are already in employment. 

Since all are airn-ed that an clVicient system o| 
primary education is a pre-requisite oi ^eieiitilie eco- 
nomi«* oiii'aiii/at ion and sound political pr«»»;ress, it 
is hij^hly desirable that the (‘>tal>lishment o| universal 
primary (‘diK'ation should be taken in hand as an 
urji’ciit item of national reeonst I'ln't ion, thereby (‘rea- 
t inir :iddi(ional cni|)loMnent for >01110 l.olMlOt) tca- 
<‘hers in a sinirle province alone. If we assume that 
the stati>ti<‘al position re^anlin^ primar\ cdm^atioii 
in Ilritish India as a whole is nM>n‘ or le>s the same 
as that in l>en«ral, it can be ex])eeted that the men^ 
<*xpansion «if primary edin-ation on a universal basis 
will ei’catc* suitable <'inpIo\ iixait lor about . T.tltMMHl 
younji men ami woimm as teaclmrs in tin* whoh* o! 

British India. 

Secondary Kducalion 

'riiis is to be so rcor^anizi'd as to inelmlc four 
dilVerent typi*s ol’ iuslilutious, which will otVev scop<‘ 
for diverse types of ability, talents, and tempcraim‘iit. 
^riu'sc four types are to lx* (f/) arts and seieinx*, 
(//) ai^rieultural, (e) comiuereial, and b/) in- 
dustrial. .\s a re-\dt ol' (his diversilicaliou of 
sei'ondary <*dueation. it is expect r*d (hat a larjfc 
number of >tudent'«, un.-iiited by ability or tempera- 
iiient for university education, will lx* :iutoniat ieally 
divcrtcil into imhistrial, eonmicrcial, or Jie:rieultur:d 
occupations or into subordinate* services under tin* 
(lovernment. 

University and Higher Technical Kducation 

'Phis alse» should branch oil' into seve*i'al sp<*<*ia- 
lizeil types siifli as (//) arts and seieiiec, (//) law, 
(r) if/) (r) 

(/) a«j!;rieultnral, (//) eoinmercial, etc. 

As (In* Sapru Committee rightly peniits out, if 
primary (‘du(*ation is ext(‘nd(*d and tin^(*d with a 
practical bias, and if secondary and higher cdii(*:i(ioii 
is (livcrsitieel, a lai'ge number of boys and girls will 
enter into various occupations or (echnit'al institutes 


after the completion of the primary or secondary 
stag<*. Consequently, the flow of ever-sw<*lling nuni- 
b(‘rs into the universities w'ill be automatically re- 
duced. AVe an*, therefore, at oin* wu'th the Sapru 
Committee in the view' (hat it woiihl neitln*r be <le- 
sindih* nor necessary to n*strict admission t(> tin* 
universities through some arbitrary standards of 
artiH(‘ial methods. 

Broad Lines of Reconstruction 

In an earli(*r section of this article, we have indi- 
cated in a general w'ay how the bas(*s of the nation s 
economic life can be str(*ngtln*ned by undertaking 
large-M*ah* reorganization and reconstruction in (he 
departments of education, public health, agriculture, 
industry, and commerce. It is iieith(*r possibh* nor 
necessary for us in this place t<) go into tin* (h*tails 
of all the possibh*, urgent items of rc<*«>nst ruction 
W'ork. Jhit w(‘ can show, by a few concrete ins- 
tanc(*s, luov thesi* deve|npim*n( will satisfy the double 
test of creating g«)od (*mpIoym(*nt for our youths and 
at the saim* time increasing the income of (la* nation 
in a substantial measure, directly and in<Iire<*tly. 

Public, l ieallli 

Jt is now'adays gi*nerally r(*cognized in all civiliz- 
ed countries that there is a close (*onnt‘ction l)ctweeu 
public health and e(*oiioniic progress, ''riie .Ml -India 
Afedical Ib*s(‘arch \V«»rkcrs’ ( \>id'crf*iic«‘. h(*Id in I !!:](), 
exi)re.s.sed the opini«)n (hat in India (*v(‘ry year there 
are (w’o to three* million deaths, c;uised by pn*vcnl- 
able diseases; that, dm* fi* malai'ia, k;da-azar, .*ind 
other diseas(*s, there is a hv-^s of physical <*irn*iency 
estimat<‘d at some oO j). c. on the av(*rag(* ; that the 
number of working days lost th(*i*eby by every indivi- 
dual on the av(‘i*age is fmm two to three* W(*eks ; and 
that the loss of national in(*omc caused then*by amounts 
to many hnndr(*ds of e*ron*s of rupe*es. .Vnd this 
(*xpe*rt opinion is contirmeel by tin* personal observa- 
tions and e*.xpcrien(*(* of cv(*ry one* of us in Bengal, 
'^riierc is a trenu*ndous amount of W'calth also wa.sted 
upon the rearing of those, hundr<*ds of thoii.sands of 
infants and young jicrsons w'ho die before they begin 
to contribute to the national income and also upon 
the maint(*nance of those who Ix'come prematurely 
old ainl infirm. It is, therefore, clear that the iiivest- 
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iiieiit of :i p:u*t of our nation:) 1 inronin on tlio 
iin])rovoincnt of pnblif hoaltli by ])rov(*ntin«: wnstr 
and ini*ro:isintr cIliiMcncy will :i<ld largely to mu’ na- 
tional dividend, and tints bocoino r(‘n)iiin‘r:itivo in tlic 
lii{^l)(’.st doj^rot*. J5osi(U*s, mill ions <if individuals w ill 
dorivc a considorabh* siain in Irriiis <if lioalflt ;ind 
happiness, W'liieh e:in also be rcjjtirded in itself as one 
of the hij;hc*s( piii'poses of national r<*eonstnK*tion. 
Tn our opinion, tlien‘fore, publii* health and prim:iry 
education should be retf;ird<*d :is basic fa»‘loi*s of nali- 
omd economic proj;i*ess, exactly in !he saim* w:iy as 
key indust I'ies. 

( ‘onseipiently, if a pn»perly thonj^ht-oiH scluane 
of riind medical aid :ind sanitary improvommits is 
etirried out so as to eovi-r the vast count I'vside of 
fndia, it c:in ^iv(> cm|)lovmcnt to many thons:inds of 
<lo(*tors and sanit:iry inspcct<irs. Tlicr<‘ are over 
t), 00,001) vill.-ijr^'s in India, tind if :i subsidized ntedical 
practitioner is appointc<l for each ‘^ronp of o vilhijjcs, 
and a wholetime sanit;iry inspc<>t(»r for each ^ronp 
of, say, 20 villam*s, it will mean employment for some 
1 , 00,000 yon njr men. Alon<i with these tw’o jri-onps 
of persons there shonM also lx* .apjioinUal, for (‘:ieh 
jiroiip of 10 vill.ajjes, a traiix'd midwife on a subsidy 
basis, with a view to making a serious :issanlt on the 
tei’rible w'ast:iji:(‘ eanseil by tlie hijrh rates of infantih* 
and matermd moi*l:di(y. 

Agricultural Development 

M;iny competent aiitlwn'ities are of f)pin’'»n th:it 
the I'oot (anise of middle class nnemploynient in Indi:i 
is iiisnilieient development of industries, ’’riie fol- 
lowing table shows tin' ])ereeiitage of working jiopn- 


hit ion ill 
eonntri(*s ; 

ditfer(*nt 

prof(*ssions 

in :i few 

civilized 

C» III 11 tty 

Agriciil 

lure 

- lixliistiy vS: 
Milling 

; Trade X: 
'I'raij.sport 

Liberal 

l*rtifi*s.si«>iis 

Iixlia 

G7.2 

10.2 

G.f» 

1.5 

Hi itain 

7.1 

47.2 

20.7 

44 

U. S. A. 

22.0 

31.7 

24.5 

7.0 

Catinda 

31.2 

24.9 

17.7 

6.2 

Ciertiiany 

30.5 

41.3 

16.4 

4.1 

France 

38.3 

33.3 

17.0 

3.6 

Japan 

50.3 

19.5 

20.2 

,, 


It will be clear from the above table th:it in 
fiidia the profession of agrienltiire is overerowdc'd. 

It is also a w’ell-kiiow'n fact (hat this ju'e lomimmt 
industry of oiir eonntry is now':idays in a poor and 
dee:itleiit state. .\bs<>nee of cheap .'iiid :ide<|nat(' 
tiiianeial bieilitiiv, hick of org:ini/:ition, fragm(‘iit:iti<m 
of holdings, primitive systems of tninsfxirt :ind mar- 
k<‘!ing, the existence of :i host of exploiting middle^ 
men, ignoi-aiiee of moih'rn seiiMitiiie methods and 
iiiahility to adjust siip|»Iv to deimind — these ;ire some 
of the main (hdeets from which oni* vast agrienitnral 
indnsti’v h:is heeii snllei’ing for deeiides ])ast. 

“With such terribU^ disabilities it is astonishing thal 
agriculture survives. It docs ho only bccauHO the culli- 
vator exists on very little more than the food he 
produces. It will not continue to exist in the world 
markets for raw produets in competition with other 
count ric.s. better equipped and ort^arii/ed, unless radical 

and bold reforms are undertaken .\>?riculture at 

pre.sent does not pay." 

If :it Hie same* tlnu' we remeiiilxq* Hi:d the :iver;ig(‘ 
agri<‘nltnr:il holding pei* enllivafor in India is o :ieri\s* 
to Jfritaiirs r»o and I S. As loT aeri's and that the 
average prodnetioii pfU* agriiMiltnrist is mdy IN. Ida 
l<» Ihatain’s Us. 221)0 and N. S. A’s Us. 102>0, we 
will iind<‘r.st;in<l w’liy ediieated young men sIk^w so 
iimeh n*Inetane(‘ in taking to agrieiiltiin* in spite (»f 
the eontiniions :idvie(* from those hotter |>lae<‘d in life 
to “go back to laud’'. 

It will be outside* tin* scope of oiii* siibjis't to dis- 
cuss tln^ prolileni «»f rural prosperity, which e:m only 
be restoreil (‘IVeetively by :i larg(‘~se;ile mignition (d* 
(lut pn‘.sent nir:il popiihitioii into industries nr into 
uiideveIo]>ed ;ire:is. .\ good deal, Inuvever, can lx* 
done in tlx* W':iy of placing Indian :igrienltnre npim 
;i strong looting with proper linaneial :iiid seienlilie 
0<|nipnxMit. Dni’ing tlx* Last Ihii’ty or forty yeai*s, 
due to the iippliealinii of (he diseov«‘nes of modern 
biological ;iixl physic.-il sciences, tlx* ;igri< nlliiral iii- 
diistri(*s :ill the world ov(*r have* been |):issing through 
a iwolnti(mary iviidjnslxxMil. In eoiisei|iu*ix‘e, tlx* 
older eoniitries Iik(* India w'hieli are still following 
anei(*nt and inellieieni methods being nipidly 

ousted out of tlx* w’orld mark(*ts, and evc'ii being 
d(*feated In the hnnx* mai*k(>ts. Kor ex;impl(*, what 
eoiild l»,‘ mon* strange* lh:in tlx* f:i(*t. tlait Ueiigal, w'illi 
its 2n milli(^n ;icn*s of rice fields, eaimot support its 

^According to V)l\ Census in Tlcngal it is aixl in 
LI. V. it is 2.5. 


3 


Vol. II No. 1 
JULY 11)3.; 



UNEMPLOYMENT AMONG THE EDUCATED 


own population, but nmst import n million toiiK of 
ric(* from abroad ! 

Indian indiistn<‘s siiiVrr f'rr)in tbo }£rr>af bandirap 
that the uo’cat majority of oiir coiintrYinon live* at tlic 
bare marjrin of cxi'^fonco, and thor<‘ is lu) pnivbasin^ 
powor to ])iiy tho products of modern industries. 

It is easy enough to see that, if the per capita 
income of the va>t inidtitndes of the peasantry <*an 
b<* raised (‘vi-n l)y IN. o by preventing: wastajre, in- 
ereasinjr productive power, providinjr better (inan(‘ial 
and inarketinir ra<Mliti(‘s, and if this additional income 
be available for purchasing: thr' prodin*ts of itidnstries, 
onr industries will liave a y:reat ami frrowinj; market 
opened at their very d<M»r. 

\(»w, a«j:ricnltnral d»*veK»i)ment in India, apart 
from theciueslion of “per capita holdintr/* is laru:ely a 
mattf'i* of snch ori;ani/ation as can bf‘ immediately 
ta<*kled. If the villaires in jjronps of o (‘a<‘h areor^a- 
ni/.ed into a^ri<‘nll lira! asso(‘iat ions on the co-opera* 
tive principle, each association emt)loyinj; an expert 
trained iii tin* priiieiph's and methods of modern a^rri- 
cnltnre, the iiwome <»f the pr*asants can be increased 
in a <*onsiderable im*asnr«'. And in this task of a<;ri- 
(‘iiltnral reoro;ani/ation, more than a InmdnMl thou- 
sand <‘dncaled pr*rsons <‘an tind profitable and hono- 
nrabh^ employment. In tin* be^inninL^ of course, 
these agricultural associations will havf* to be snbsi- 
di/.ed by the (lovernment and tlie lo<*al authorities. 
H\it nltimati'ly, like tin* famous amMcultur.il associa- 
tions of dapan, they are expected to be financially 
self-support ini;. 

Or, attain, let ns consider (lie (|nesfion of ajjrhail- 
tnral tinance. 'Flic amount of a^ricnltural debts in 
the country may be estimat(‘d at 1,000 crores in 
round liiiiircs. The rates of interest paid vary from 
‘2.’) to .‘100'//. As has been demonstrated to a certain 
extent by the co-operative movement diirinjj: the 
last .‘50 y<'ars, the burden of interest on a^i'icnltnral 
debts can be n*dneed by at least oO per cent throiijrh 
the orixanization of co-operative credit societies. 
The minimum amount of saviiijirs on this ac(*oiiiit will 
be over 100 crores. Now, if the (>00,000 villajres of 
India arn i»riranized into co-oper:itive credit societies 
in jrronps of L* or vill^l^!:os each, some 200,000 or 
.‘100,(M)0 educated persons can be employed as iiinnaj^ers, 
clerks, auditors, and inspectors of these societies. 


Small-scale Cottage Industries 

It is a commoiiplaco that in a country of small 
peasantry, xvhero n^ricnltiiral work, depending as it 
does on the Hiietiiat-iiij;, seasonal rainfall, can ])rovidci 
(X'cnpation for b.aroly 4 f»r .5 months in the year, 
cottage* industries are essential as subsidiary occu- 
pations which frive ofl-season employment, and there- 
by augment the meagre and inadecinatc income of 
the peasants. Japan, Oermany, Switzerland, and 
many other countries have, by deliberate State policy, 
fostered numerous cottage industries in order to 
strengthen the position of the peasants. 

India has been the home of cottage industries 
from vc‘ry early times. Hut these cottage industries 
wen* larg(‘ly based on a self-siiflicing system of 
village e(*onomy, where the caste rules ivgidated the 
standard of craftsmanship and fixed the remunera- 
tion in kind. Tin* artisans, being ae(*ii.stonied to an 
assured client<‘Ie in the self-contained vill.ages, 
gradually developed an (‘xtn'inely n;irr*)w and eori- 
servjilive outlook. Due to tin* inthience of caste 
traditions. fh(‘y could never s(*(* the importance of 
adapling tlH*mselv(‘s to the ncYv enviromn(*nt and the 
ehangi d tastes and rc(iuiri*mcnts, brougiit about, by 
the development of transport and communications 
and by eoiifacf with tin* Wc‘sf. ( V)nse<|iientl 3 ’, 
they fast succumbed to (he (*onipef ition of modern 
large-seah* industries, e(|nipp(*d with large* fin:ineial 
resources, strong organization, and thoroughly scienti- 
lic mark(*ting methods. 

Xow, in devising schemes for the revival of these 
cottage indnstri(*s, it will be we'll for ns to bear in 
mind once* for all that it weudd be* an act of tremen- 
dous folly on our pan to ignore the t(*nd(*neies of 
the* scientilie* deve'lopments of ineide*rn (im(*s. Freun 
the* te*chnical and e*runmercial points of vie*w indus- 
tries may be* broadly divided inte> two classes : (/) 

there are* (he»se industries which turn out v.ast cpianti- 
ties e>f mass ])roducts that satisfy the (*emimon, 
ele*nH*ntary, essential wants of ph 3 \sical existence, 
sm h as ])lain ele>thing, and (/V) those which [irodiice 
the instruments of large-scale production and tran.s- 
port, sue*h as iron and steel, railway ina(eria1.s, 
maehiner 3 ', etc. In the same class may also bo 
placed tlieisc industries which produce vast quanti- 
ties of honir)geneous, s(*mi-manufaetnrcd commodities, 
such as leathe*r, cloth, yarn, etc. They sati.sfy the 
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st.iiiid:ir(ii/.<Hl ri'iinircMiioiits of niodorn mass dc'iiiaiid. 
"riu*s(^ indnstrics, in ordov to Ixi touluuually and 
coininoivially ulliciunt, innst b(^ ustablisUod on a 
lar^jo scull*. 

Ill the second class are to be iiiehidcMl those 
industries whieli produce, such j^oods as satisfy the 
tleinaiids of fashion, of hijrhiy in<iividiiali/.ed con- 
sMinplion ami of local enstoins and y:ronp traditimi. 
They jrem'rally supply what iniy;ht lx* calhsl (ho 
non-essential wants of pi'ople. And it is in this 
sphere of prcxlnction that small-scale industries can 
be expi'ctiMl to hold their own iiiider inodcrn condi- 
tions. Articles of «‘lothin<r of various tc‘x(urt‘s, 
designs, dyes, and eolours, ehinawares, toys, and otlim* 
faitcy goods, and a. hundred and one re(|uisites of 
modern toilet may hi* cited as outstanding examples 
of goods that otVer an appropriate tield tor the 
cottage industries. 

It is not nei-essary for us t<» discuss in detail all 
the asp«‘ctsof (In* reorgani/ation of «*ot(age imliistries. 
Hrielly, we may state (hat the artistic (raining of 
th(* <•raftsmen at schools of arts and crafts, the 
suj)ply of new designs and models by artists, co- 
oi)eralive organization for the supply of capital and 
purchase of raw matei'ials, pr<»p<‘f adver(iM‘in<‘nt 
through sah'siiK’ii, (*inporia, lairs and exhibitions, 
supply of chea|i mod(>ru tools and implements, and 
the provision of «'lectri<‘al p<»w<*r are some «if (he 
chief mctliods by wliich the <*otlage imluslrics <*an 
be phi(‘ed on a solid foiimlation. If elVorts are made 
on a national scab* in tn'der to resuscitati* the mon* 
im|)or(aut cottage industries of India and to <*rea(e 
new om*s in responsi', to changing dcmaml, a vast 
field of prolitable ^■m])loyment <'an be created 
in the ^•ountry. 

In coniKK'tion with tla* reorganization of agri- 
cultnn* and cottage industrii's, however, (here 
appears to ])e in certain responsible (|uarlers a gravi* 
confusion of thought, which it is our duty to dispel. 
It is thought by the (lov(*rnment as well as by 
many of our foremost leadi'i's that a goo<l solutinii 
of tin; problem of the educated unemployed would 
be to settle these ])ersons on the land as agricul- 
turists or to train them up as artisans and handi- 
craftsmen. But the*.‘<* are at least two important 
reasons on account of which we beli<*ve that such a 


notion is exceedingly ill-founded and that suel) a 
move will lead us nowln'n*. 

I‘ii*s(Iy, (here is far tnu miieh of poverty and 
unemployment among the peasants and artisans them- 
selv<‘s, and consequently, tlu* resusi-itatiou of agri- 
culture and cottage industries must be meant pri 
niarily f<ir tin* beni'iit of the>e elas-avs of w»»rl\ers. 
Secomlly, tlu; employment of ediicafefl youths as 
artisans or ()ea.san(s can neither give proper si-ope 
for the exen-ise of (hose special talents and faculties 
whi<*h are tln*ii* main assets, nor satisfy Ihia’r d(*e|)- 
rooted (Miiotions and aspirations. Ar'cordiugly, our 
definite view is that, in the sehiMii" ol e<‘onomi(* 
reconstruction, (he role that can lx* appropriately 
assigned to the ('ducattsi men would be (hat of 
direebirs, organizers, advisers, maiiagm-s. clerks, ins- 
pectors, et«\ As an Indian ecimomist recently put 
it, tin* best ol all conceivable polieies for the 
(lovernment to follow would be ti» harncs,*. the vigiair, 
training, and sentiments of the educated youths to 
the task of guiding and leading the peasants and 
artisans in mattm's of agriculture, co-operation, 
public health and education.” 

Medium-scale and I-arge-scale Industries 

'Hie reports of the Imiustrial ('ommissiou of 
UMtl-lS, the Banking Kiupiiry ( ’ommitt<*e of iPiiP- 
31, the Indian Fiscal Commission of and 

the mimm’ous volumes published by the TarilV Board 
during the last years are rh'h with niany eonercte 
siigg<‘stioiis as to the ways iind means by which 
mcdiiiin-seale and larg(*-s<-ale industries i-aii be (h‘ve- 
loped in this <'omitry so as (o ereati* new and varied 
fields of emph»yment. Brielly speaking, an energetic 
policy of diserimiiiatiiig profeet ion through iluties 
and bounties, a syslemalie preference for Imlian 
goods ill the matter of stores purchase, adequate 
provision of teehiiieal edneatioii, tin* i‘stablishnieiil 
of an up-lo-dati.‘ system of apprentieeship, starting 
of industrial finanei' eorpm-alions under State owner- 
ship or with State guarantee of interest on capita 
or debeiitiirt*. supply of expert advice*. ad<»p( ion ol 
the iiioderii systi'iii of salesmanship, <‘in'oiirag<‘iiieii 
of banking ih*v«*lopnu‘nl, dra.-'tie- n*vision of tlie lav 
relating to banks and joint-stock (‘ompanics, nud jf 
particular, a thorough ovi'i'liaiiling of (he iiiaiiagin; 
agciK'V system, and (lu* supply of aeeairate aii< 
suHieieiit eeononiie- iiitelligem*e and statistics ar 
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sonic of I lie |)i*<*-ri*qiiisit<'s nf :i niul 

r:ipi<l iiulii^triril ilcvclopiiwiit. Success in lliis licM 
will lie l^■lpi^l if nnly llic:‘<* is ;i close c«>-npenitii»ii 
lielweeii I lie ( inveriiliieiit :ilnl (lie people. A (Joverii- 
nient wliii'li i" iiileroleil only in keepinu; ils lieml 
Miifl l>:iI:inciiiL!; if> l)inli»:<‘t ri<*lily deserve'^ (lie epilliels 
“wotMleii Mini Miiti diliiviMM,” iriven 1«) it l>y tlichiti* Mi*. 
Mon(Mu:>i<'. A p«'«»plc wlni^'i* <*on?'ervM( isin cMiiiiof l»c 
overcoiin* liy iiiodcni knowli‘ili:;c, wlio>e mo'^t olivioiis 
cliMi-Mclerisfics MIC k'lck of enterprise Mini iiieiitMl 
iiiertiM, cMimof lie expected t«> siii’vive loii«jr. \\ c 
would, tlierefore, lime (liMt these Mtlitiides which MIX* 
FmImI to |iroy;ress should In- iiiiniediMl<‘ly iliscMixled. 
And in phu'c of tin* i)olicy nf cmsiimI. liMllinu, Miid 
pic*ce-nieMl dc\ chqniieiit of iiidilsliy (IimI Iims hceii 
followcil in the |»Mst, there should he Milopted m 
coniprehen'-ive iiMtioiinl phiii of proy^res>iv«‘ iinlns- 
trinl development key iinlii^t rie*. fr.//., iixm Mini steel. 
en«;ine«*rin*r. rMiiwMys, '-hip-huihliiijj;. iivcriMiitih* inn- 
rine, heMV> cln*micMls, «*omI, oil. Mini h> dro-clectric 
power ) on the oin* liMinl, Mini the I'Mirly cllicieiit 
consninption ^oods industries (text ih*<, h'Mthcr, vem*- 
tnlile oils) on the ol[|<*r, Mt the liist stniit*, tin* less 
elVicieiit Mini the more complicMted industries at the 
soeoini stn^e, Mini so on. 


The development of inedium-seale and hirge-scah* 
industries, too, will eertainly absorb a larjre nnniber 
of edn<*at(‘d persons as nianajxers, t(*(*hnieians, <*lerks, 
aeeonntants, anditors, sah*snn*n, eti*. Ihit what is 
vastly nioix* important in onr view is that a rapi<l and 
coiiiprehi'iisivi* industrial development by snbstanti- 
ally increasinjx the average p(*r eajiita iiK'onn* of tin* 
eoininon man and eoinmoii wonian will leavi* a hirjice 
Mild yjrowiny: surplus in t.heir hands, whi<‘h will In* 
available for the purchase of a j^reat variety of «*om- 
niodities, personal and social s(*rviees, and many of 
the things of modern civili/inl life. And this, 

in its turn, will stiiiinlate the «j;rowth of new typ(*s of 
industries. o(‘(‘ii|)Mtions. and iiat ion-biiildin;; s«*rviccs, 
ami thus (‘r(*Mte employment for a j^reat ainl tjrowinj^ 
nmnber of (*diU‘M(ed nn‘n and woiin‘n. It is only by 
such a radical and compre]n*n.sive. (‘(‘ononiii* ami 
soci.il rceoiistrnction, whi(‘h Avili embrace all the im- 
portant departments of national life, that w(‘CMn hope 
lo lay well ami deeply the fonmlatimis «»f the (ireater 
India to be. and incidentally, also solve on a perma- 
nent basi'^ t he amite ami tremendous problem of the* 
niu'inployment eif thon>amls of onr strony;, viy:onnis, 
patriotic*, and educated youths, by ensuring to them 
the riirht to weak and serve, the riyht to live, and 
the rijiht to be* happy. 


A Rock Storage Oven for Electrical Heat 


When I he ilccisinii was made lo electrify Maiisoii 
(aly, the contractors’ camp at the (fraud ( .oidcc Dam 
Sill*, opporlimity was y:ivcii lo the .State <’ollcy:c of 
Wasliiii^loii to use it as a field laboratory and l«i 
carry on an cxtciisivi' si’rics of studies relatiny; to the 
use of electricity for elomeslii' healing. One house 
was selei-led lo study the feasibility of heat sli>rajfe. 
The basement was 20 ft. by 2S ft. and n system of 
dii(*ts and rey;isl(‘rs was laid oiil similar lo that which 
w'oiild he employed in a warm air fiirnace installation. 
In place of tin* furnace, however, an insulated brick 
oven was built, ahoiil the same sixe as a domestic 
furnace. I he sjiaee inside Liu* oven was tilled with 
)^rnnite boulders ranyinj^ fri>m 0 lb. to liO lb. in wei.u:bl. 
*riu* useful beat capacity w’as tij^iired to be out* million 
K.t.ii. at (iOO <le,i>:. with an additional (>PU,()()() K.t.ii. 
available by raising the tempi-ral lire l<i 000 <b*ij. Pro- 


vision is made for insert iny: elect rie healer elements 
through a duet imdenualh the mass of mek so that, 
when eleelrieity is on, Hu* natural air eirenlalion will 
carry away the heal and '■omiminii'ate it to Ihe hrieks 
in Ihe o\« n. .\ rrany:enient is made so that eolti air 
from the riMUiis is mixed in the riy:ht proportion with 
the liol air fnun the oven for the house heatirijr. 
r«»rce«l eireniation is used, by an eli*ctrie fan. 'I'o 
kc«‘p the oven at .lari deg. 2.(55 kw*. was rt'quired, w'liieb 
cannot ;dl bt* attributed to losst's, as this bent escaped 
into the baseimmt. In the tests niadi*. it was rexx'ahd 
that (he heating elements used wt're too small and 
that greater insulation should he built into the oven, 
'riiere is pointed out that lliis may be a method for 
siimotliing out tiu* 2t hour load curve of utility power 
systems. 

Jour. Frank. Imtt., May, IPJHJ. 
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A new Form of Earth Leakage Protection 

T. C. Gilbert 

Chartered Klertrical Engineer. Folkcstune. 


It is unfortiinjilp sovcrul nf tlu* most useful 

in.siil:it<»rs in mn(l<*ni (’h-elrirnl pr.n'tiee nre nf m'lrunie 
origin, wliieli f:K'l sels i\ Melinite limit In tluMi* useful 
life. If insiihition <‘niil(l be mnde ]H>rm:ineiitly fault- 
less there Avnn 1(1 lx* nn m*e<l fm* the many and varyin«r 
forms nf earths leak.ijxe pmteet inn adopted to-day; 
we liave to faee the faet, however, that (h'terioration 
of most insniators is e(*rtain, and sooner or lal(T 
leakajLT** will take place. 

The* trcMid <»f ])res»'n(-day reirnlations and <*ontrol 
of supply l(» e<insnmers* premises isto prev(*nt leakay;!* 
potentials iTaehimj: a value lik(*ly be dan^emiis 
to human lile. It is inli'restinu: to eonijian' this with 
early editi(ms cd’ rej^nlations, which appanaitly W(‘n* 
more eone(‘rni‘d with the safety of propi*rty- appa- 
rently menaced with lire — and is no doubt <‘Xplaini*d 
l)y the fact that more and more <'leetrieal apparatus 
is beiny: placed literally in the hands of the public, 
wliilst tlie risinj; popularity of the more lethal alter- 
natinir eiMTcnt supply plays its part. 

Overload proteeiioii has now n‘a< hed a hiu:h level 
of ('IVieieney, whether ai)plied i»y nmans t»f eirenit 
break<M’s or the mon* eommon Inses. Ti( aka!*'(* pro- 
tection, on the othiM- hand, remains in a very <‘lem<‘n- 
tary form, usually depemh-nt upon tlu' satisfactory 
fuuetioniujr of the ovi rload protective devices under 
conditions which make this satisfactory opca-ation 
probhanatieal. 

The matter of ade<|uate prote<'tion against leakai*e 
]tot(*ntials that must s<»oner or later occur upon all 
e|ectri<'al installations has never rec<-ived the atten- 
tion that it des(‘rves in Kiijrlaiid — or, at least, not 
until the last year or so. It has never been divorceil 
from (Ik* twin problem of overlojul prot(*ction, al- 
tlioiijirh it will b(* s<*en that there is no real eonin*c(ion 
between the two. They have become associat(*d by 
reason of the oik* protective (l(*vice haviiijj^ to limction 
under the two widely dillerinj:; sets oi iaiilt conditi(ms, 
which may, or may not, lx* in existence toirethor. 


Put in few word-. Ieakan«'s hav«* not bcjui i>ol:ili'd 
until llx‘y have also become overlo.ads. 

'riie commonest form of protect ion aLjainsf hiirh 
leakage pittiMitials i<, of course, earthiiiii', and this is 
the only form that I propose to <lis«*iiss ;il ;iu> leiiLrth. 
'I'o he elleetive ill pi'ot i-et ion, earthin'; must fnllil 
three di'iinite and fundamental I'eijiiirements ; (1) 
the earth eirenit, includin'; t he earth «*h*elrod<*, must 
possess ne!;lie‘ible imped:iiiee : (*JHhe earth eii’eiiit 
mn.-t be maintained intact t liroiii;hont the life of the 
installation ; and (d) the eirenit fuses must he <'or- 
reetly adjusted. All appropriate rei;nla(i«»ns >eck to 
eii-nre these I'sseutial reijuiremi'nts by various nx'aiis, 
and in the town or city it is u-iially a simple matter 
to fnllil the most important of tlK‘m hy iitili/iiii; the 
(‘xteiisive imder'rroimd water--iipj»ly sy-tems as the 
e.arih electrode. Not only does this sti*p ensure a 
low resi-taliee path tor a leakaiic* current, :it iiei;lij;i- 
ble (‘ost, hut to some extent it determines the path nf 
the current thmiiirh tlx* earth itself, thus prevent ini*’ 
tile appearaiK'e of the dan.i;eroiis potential ;;radient 
so (Mxnmon with other IbiMiis of I'leetnule, and which 
has been such a jirolilic caesc of accidents. 

Kveii s«», no elleetive means have yet Ix'eii devised 
wh(Ti‘hy any failure uf eoutiimity in the e.arih cir- 
cuit, or the iiitivxluetioii of resist aiiee, may he 
immediately indicated, and until this can be done no 
^I'cat amount of reliance can be |)laeed upon solid 
earthiii'j; systiaiis. 'I'he Ireaeheroiis nature of this 
form of proleetimi is toi» well known to tlx* practical 
installation eni;ineer to need further emphasis, and 
there is no me.aiis of ad(‘(|nately testin'; the earth 
einaiit. It is, to my mind, almost indierons to test 
an e.arfh eirenit desii;ned to carry oO or 1 t)t) .amperes 
with aiiyfhiiiji; h*ss than this current, hnl mos(cn';i- 
iK'ers are ^•onteIll to le-t for eoutiimity or resislam*e 
with a enrrenl of a few ampi-res only. Tests, to be 
elleetive, must be at least to approximate workiiij; 
conditions, or hiyjher. 
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III <*oiiiitry (listrirts, now providing such :i 'widti 
field for the extension of eh'(‘trie:d servi<‘es, the first 
essrnh*}d for sound eiirthinj^ is rdiscnf. \V<* h:iv<* niit 
the Lrr:it nitons pi'ovisinii «if n hi\v resistnnoc onrtli 
olccInKle sin*h ns we hnve hecn used to ruidin<r in 
towns, and irenernlly even underground enhle net- 
works are absent. Attempts are then*fore ma<le to 
substitnt<‘ tln-so l»y means of biirio<l plates, or driven 
pipes or rods, all of whieh are miieh iid'erior to the 
water systiMii, but just how mneh inferior is not 
generally realized. In these att(‘mpts to seeiire as 
low resistance as possibh* j^reat expense is oftcai 
incurred by the siifiply authority in (*onm>ction with 
the earthiiiir of the neutral point at sub>statious, and 
by the consumer for the efVeetive earthiuLC of his 
apparatus. In n'^ard to tiu* latt(‘r, it is no ini<‘om- 
moii thine: for the cost of an earthing elec't rode to 
approach, and has b(‘en kn(»wii to surpass, the cost 
of the installation itself, and then* is no. sort of *rua- 
rantec that the electrode secured at such heavy co-t 
will r<*maiii an eilh'ient om* for more tlian a 
lew months. 

I have at various times published results <if t<*sts 
on s(‘veral types of earth ele<*trodes in the Kn^lish 
tet'hiiical papers, but with flu* (‘.\c(*ption of the tests 
carried out by the Xatioiial l*hysi<‘;d liaboratory, 
ami ‘^iveii as an appemiix t<i this article, I cannot 
claim that the tijiures an* authoritative. I therefore 
]»ropos(* to ipiote from the most n*cent re])ort of tla? 
Chief Klectri<*al Inspector of Factories, d(‘tailiti<r 
tests made with a <*ertain siipfily autimrity in Scot- 
land, and of which I have s«>me kiiowhMljxc. It is 
staled, l^i*ie lo — 

"Amonj: the problems associated with the develop- 
ment of our electrieity supply in rural areas is that 
of securing? earths of sufficiently low resistance. A 
series of tests made on .a number i)f systems and over 
wide areas h.ave illustrated the difficulty of (ibtaininK 
ad(*qiiately low' values, either for connections for line 
protective Rear or for those required for neutral point 
earlhinj.':. The problem has assumed an importance 
such us to prompt a number of undertakinKa to insti- 
tute research into the whole subject, and the results 
communicated to this Department are of interest as 
showiiiK (1) that the means of earthing ordinarily 
adopted, and w’hose adequacy is often taken for 
Kranmd, may be quite ineffectual ; and (2) that condi- 
tions may be considerably improved by the application 
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of certain measures and resort to protective apparatus 
of a novel character." 

Alter dctiiiliii}; the stcp.s taken, at great expenses 
in order to att(*iupt to improvt* the ordinary earth 
electrode by means of periodical saline treatment, 
generally resulting iii <*omph*tc failure, the 1t<.*port 
gno.s oil to say- ■ 

"For the more important sub-stations the under- 
faking; has in some cases been able to find water pipes, 
oftf‘n at considerable distances, but w'ithout which it 
would have been unsafe to Kive a supply in any way 
apprnachim; the designed output of the sub-station. 
In other cases, by the use of brine treatment or the 
sinking of earth plates near streams — which may be 
remote from the sub-station— earth resitances have 
been reduced to an approximate value of 15 ohms, 
enablini; supplies to be Kivcii for lighting purposes 
only." 

"The conditions noted above have led to the consi- 
deration of the use of a supploirient.'iry earth leakage 
device for c'onnection between the neutral conductor 
and earth." 

The novel nppurutus referred to was developed 
ill (icrmaiiy some ye:irs ago. and has recently been 
iiitroduceil into Fngland. Rural (*lectnfieatiou was 
commeueed on a large se.-de in that, eoiintry snim» 
thirty years ;igo, and to-day some of farms an^ 

supplied with elect ri<*ity, a figtin* approacluMl by no 
other country, (hiite early in this d(*veli>pmeul, 
h<»wcvf*r, it was found that tin* ordinary methods of 
earth leakage proteetion, iiieliiding multiple earthing 
of the neutral, were (piiti* inelleel ive, and a series of 
accidents to cattle and to ;i li*s<i‘r degree to human 
beings, causf*d something of a reaction ag.iinst rural 
cxtcn.sions. In the words of a tliiv'etor of the largest 
supply undertaking in (lermany “We wore forced 
to devise im|irov(‘d ni(‘tliods of protection for man and 
beast in order toovi'n'ome this di.sagri'eahh* reaction.” 

'riie apparatus that will he d(‘.seril>ed was first 
put into use in (ii(‘rmaiiy about ten y(‘ars ago, and 
was made compulsory in ccitaiii areas about two 
years later; it is now universally used throughout 
rural areas, and in view of its complete ellcctivem'.ss, 
is <*oining into general u.se where hith(>rto earthing 
dillicultics liave not existed. A demoustratiiiii of the 
ap])ni’atiis in this country some three years back has 
resulted ill a demand, and tiu* latest Fditioii of the 
Rcgiihitiniis of the Institution of Flcctrical Kngiiiecrs 
definitely reipiires it Avhere earthing resistances 
exei?ed 1 ohm. 

a 
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It is fonsidorcd l)y oli'ctricjd fnj;iiu*ors with rndiaii 
oxpmVnc(» that tho iiu*thod sliouhl ho os|M*oiaIIy iiso- 
fid ill that foiintry owiiij? to tho prohloins assooiatod 
with olVoolivo loaka^o pnitoctioii. Tho purpose of 
this artiido is to jrivo as ooiioiso a dosoriptioii as 
possible, without at the saiiio lime oiuittiii^ details 
that make for a eloar eomproheiisioii of tlie prin- 
ciples involved. Not that the* a|)paratus or its «eeli- 
iiieal application is in any way particularly involved, 
but as radical de])arturos from hitluTto standard prac- 
tice are made, the consiTvative enfjim'cr has to be 
convinced almost a^jfainst his will that the method 
can be (.'Ifectivi*. 

Tho Home OHice Ueport quoted above mi'iitions 
apparatus connected between the neutral conductor 
and earth, and the sub-station switidi, as it is c‘allcd, 
will thendore be dealt with lirst. Apparatus for use 
on the coiisiiiiiit’s premises will lx* described and 
illustrated lat(M\ 

[n the dia^rram. Killin' 1, a sub-station switch is 
shewn arranged for the control of the out«oinjjr low 
t(‘nsion lim*s, in this ease three-phase, although similar 
adaptions can be made for single-phase, tw<»- or thris*- 
wire. Th(‘ overload [iroti'ctive trips have been omit- 
ted for clarity, and it will be noted that the ciriMiit 
can be o|iened by means of a trip coil T, this beiiijy 
eoniu'cted between tin* neutral eonduetor ami a sup- 
plementary earth eonneetion at SK, Tlie normal 
neutral earth is at K, and care has to be taken that the 
small supplementary earth is plained as far out of any 
I»robable sphere of influence of this main earth as 
possible. In the ease of pole, transformers the spa- 
cing should be as wide as conditions [lermit. 

The trip <*oil T responds to a neutral potential 
depending upon the resistance of the su|)phMuentary 
earth SIO ; this may be of very simple construction, 
an ordinary driven spike or tube, and in practice 
its resistance ranges frcaii one to seven or eifrht 
hundred ohms. Assuniinti: :i resistance of fitM) ohms 
at this point, the trip will operate with a iiotiaitial 
of about 40 volts upon the neutral line, the current 
rcrpiired beinj; in the re^jion of the 150 milliamperes. 

A potisitial of this mairnitude will usually only 
appear by reason of fault— fallen phase line in 
contact with earth, and other causes,— and because 


of normal high resistance at the main earth 10 the 
lines cannot be isolated by means ofihe overload 
protective devices. The whole neutral poinl, inehid- 
iiig the sub-station gear, may therelore remain 
iiid<*finitely at a dangerous [lotenlial to (‘arth, whilst 
a comparatively high current llowing over main 
earth K will set up pittential gradients, which have 
already proved fatal to i-altle in this country and 
abroad. 

It shoidd be mentioned h<‘re that <*a1ll<‘ and 
horses are susceptible to low leakage potentials that 
Would usually be harmless to human beings, there 
bi'iiig cases on record in which animals have been 
killed by pressures as low as TJ volts: LM)-LM volts 
is considered the safe limit for animals in tJ<*rmany, 
and investigation along similar lines is now proceed- 
ing in Kngland. 

Isolation iindiM' fault conditions may be ri'adily 
effected with the apparatus shewn, however, and 
in pnietice the opiTatimi of the leakage trip is slight- 
ly delayed so that iiioineiitary potentials, represent- 
ing no danger, do not unneci'ssarily opiM'ati* the 
switcdi. If will be noted that the idrcuit through 
the trip coil is broken at the same liim‘ as the 
outgoing eireuit ; this is for tin* reason that should 
the high potential originate in the transformer or 
its switchgear, then no damage will accrue to the 
coinimratively delicate winding of the trip coil be- 
cause of eiirniit eoiil inning to flow over it when 
the switch is o|)en. No damage can occur in <*on- 
nectioii with the main earth K, but it will be noted 
that the neutral line is not disconneeted at any time. 

Apart from the elfiM-tive protection afforded in 
cases of fault, it will be clear that eonsiihu-able 
economy may bi* exereisi-d in eomux'lion with the 
eoiistrm'tion of the main earth 10. ft is no longer 
necessary to rely upon the low ohmic resistance 
of this earth, although it should be still eon.strueted 
with a view to niinimi/iiig potential upon the neutral 
in the event of fault ; the sub-station switch can- 
not do anything to previait this potential, but only 
disconueet thi; lines in the event of it oeeurring. 

A high potential gradient extending from the main 
earth ov(‘r the supplenu'ntary earth will di'lay i.sola- 
tion until there is still tlu* re<|uisite. potential over 
the trip «M»il. Jt. thus m<*ans that, although the sup- 
plementary earth may be of exceedingly cheap and 
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siiiiph' ('(Mistructioi), must still lx* tukc^n with 

Urn mniii rurlli, altlmii^rli full n>li:iiu‘o is not now 
pliU'fMl ii|)on this main <'arth to raiist' isolation. 

'riu* pot(Mitial at which the trip functions may 
1)0 adjiistiMl to suit local conditions; in (icrniany 
it is ii-j|ially set at tl? volts — this bcinjr considered 
to he the limit to which human Ixmii^s should he 
exposed in the <‘ase of A. r. supplies - hut in Scot- 
land a setting; of otl volts has, I believe. h**f‘n eonsi- 
dered siiitahh*. 

Kijrure jrives a view of the o|)en type swit<‘h 
in which the ov(‘rloa<l trips are shown immediately 
below the contacts ; the leaUaire trip is at the 1>ottom. 
with the lu'cessary adjusting m<‘chanism. 'riie maitral 
bar is on I Ik* riifht. 

•> sliews tin* sauu* mechaiiism mouut(‘d in 
an iron case, with op(>ratin^ handle at tin* side. This 
is iiianufa<‘t lin'd in Kurland, and is now almost iden- 
tical with the switch so wi<lcly us('<l on the ( 'untiiU'iit. 
An oiitstaudiiiir diilcreiice is that wluMi'as thermal 
overload trips are almost invariably us(*d in (i(*rm:niy, 
in Kn^land the trips are mairnetit*. 



Kis. 1. 

Sub-station switch. (Nalclcr Bros. & Thompson Lbl.) 


Tn ooneiiision, it should bo made clear that the* 
device d<‘scribed cannot claim to prev(*nt the ajipear- 



Open-lypc sul)-slali(in switch. (NaMor Bros, ami 
Thoinpsoa Ll«l.) 

Arrangwl for siiiKtc-pliasr ihrrr wire disttibiitioii, 
willi neutral cartluMl. Neutral bar on lii^lit. 

anc(* of a potential upon the neutral lim*, its soh* 
fuiictiou is (o redma; dependence upon the main 
sub-station (‘artli for isolation of tin* limes in the 
evc'iil of fault. I'his point will lie clear to tlie 
practical cnjii 'cer, but it is so often found that per- 
sons witliont e.xperienee in overhead lim* work ptT- 
si.'^t in stating that potf'iitial may be actually 
pterrnlnl by tln^ ii.se of tin* siib-statioii switch. 

The provision of a sound and r(*liable means of 
probM'tioii at tliis dillienlt point will, however, be quite 
siiflieitTit recommendation of tin* method without 
exaj^genited claims as to its more complete etlicaey. 
Utilization over a lon«r ])eriod i>n the Continent and 
for a le.sHer period in lMi$;hind and Scotland has now 
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(Icinonstratod the suitability of tlu» inetiiod for uni- 
versal adoption. 

The British apparatus has bi*eii iuark(‘ti‘d as a 
eompleto ranjje, as opposed to more or less expt‘ri- 
inc'iital models, for siieli a short timr* that full distri- 



I'lir. 3. 

bution of the deviees has not yet been lixed. f 
believe, however, (hat applieation to Messi-s Siemens 
in any Ikitish Colony will ascertain prices and 
range. 

Appendix 

An Investigation of Karthiiig llesistances, carried 
out by the National Physical Laboratory, Teddingtoii. 
London, (P. J. IFiggs, P. Se.,^ and incorporated in a 
I)iiper read bc'fore the Institution ol Kloctrical h^iigi- 
nccra, Loudon. 


Reprinted in tlu' In^titution *)ounial. \os. lOL* 
and lOti, the cMicloseil ext rac*ls being taken from my 
book Arlifiria! hjnthhHj for h'.lntrifiil litshdhi- 
Units, 

EARTHING RESISTANCES 

rAirrilINiJ L'i:s|sTA\< KS nl-- DIMVKN IMIMls, MKAsrm'.h 
nVKi: A ok onk ykai: 


Rrsi-.t.'inri* in Ohms 


El^rtniilc* 

Li‘«" th 

Kxtnrnal 




No. 

Di:itm*ter , 

Maximum 

Miiiiiiiiiii) 

Mraii 



I’lft 

Int-'Iii.'s 1 

- 


- 

6 

« 


43 

:i(i 

39 

7* 

6 


2t) 

17 

IK 

Si- 

6 


21 

17 

18 

tu 

(i 




3:50 




r,3 

43 

41 

11 

I 

I 

1.4 M» 

690 

l.o:5o 

12 

2 


1.1.', 0 

41(1 

710 

13 

•1 

1 

li)3 

74 

.S5 

14 

1o 


2S 

23 

26 

15 

1 

2 

1.S7H 

570 

940 

16 

3 

2 

3S0 

200 

260 

17 

6 

2 

5t 

4.5 

49 

18 

6 

2 

49 

41 

45 

19 

1 

6 

H7n 

410 

r,5o 

20 

3 

I. 

1S2 

ini 

127 

21 

r> 


.M 

39 I 

44 

22 

1 6 

1 (> 

30 

26 1 

1 28 

6 1*1 

.i;t X 1 iNCif Pii i'.s 

Cl , \ \ Kt T i: I ) I N S i: K n. s 


Disl’inr.#* apart i 





H’chI. ; 




1 and 2 


1 

SI 

64 

70 

1 and 3 

3 ' 

109 

S4 

90 

1 and 4 , 

(i 

114 

95 

100 

1 and 5 

12 

170 

142 

148 

6 1‘KKT X 1 iNCn IMi'KS C 

oNMXTIO) In I’AU.M.I.KI, 

1 and 2 


I 

37 

31 

34 

1 anil 3 


1 

37 

29 

33 

1 and 4 

() 

3.-) 

29 

32 

I and 5 

12 

44 

34 

39 


The mean resislaiiecs of electrodes Nos. 1 to !i were 56, 43, 
49, 44 iiinl 92 ohms respeelively. 

* Placed in eoke hed ahoiil 6 feel long and 1 fool ratlins, 
•f Treated with 10 Ih. salt dissolveil in water. 

I Bent so that 6 feet was Iniried 3 feet <le**|j. 

Tested on ee only, I''ehMi;irv, 1926. 

(An fnrcsfifjftfinn nf I\nrf hi ntj Kesis/ttm cs : 
National Pliysical J jaboratnry, Tcildington, London). 
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EARTHING RESISTANCES 


Airriri* lAI. KAI!TIIIN<; KI.r.rTUK-AL INSTALLATIONS 

IvMMlILM! ljr.S|STAN< i:s OF BriJIKD IM.ATKS, 

A.si iiKj) ovMii A im:i:ioi) or onk vkaii 


Uesi'-tanoc in OhniB 


lect roiie 

Sizi- 

Deiith iti 




No. 

(L<‘iiK'h 
* lli-f>aiJ(h) 

Groiiriii 

. Maximum 

1 

.Minimum i 

Mear 

23 

i Kep t. 

Feet." 




! 3X3 

1 

201 

118 

141 

24 

1 3x3 

3 

60 

30 

39 

25 

i 3x3 

6 

27 

21 

24 

26* 

3x3 

6 

30 

20 

24 

30 

6X3 

6 

18 

14 j 

16 

3lt 

: 6X3 . 

6 

— 


116 

32* 

: 6X3 

6 

14 

11 i 

13 

33 

i 6X3 

I 

1 77 

48 ■' 

60 

34 


3 

2i 

19 ■ 

23 

35 

6x3 

^ 1 

15 ! 

13 ' 

14 

36 

6x6 

3 

27 ! 

16 ; 

20 

37 

6x6 

6 

i 

11 1 

15 

3K 

0X3 

6 

1 

i 

12 

39 

9>.9 

6 

1 10 ! 

1 8 1 

9 


KAIlTIIIN<i RksISTANOKS OF liuUlKD StBII'S, 
MKASirilKi) OVKU A PkRIOD OF Onk YkAU 


Elect rcMie 
Nu. 


i «• i 
! tw/dth : 
■ XLenslh) ■ 


I 


I Resistance in Ohms 

Depth in 

Ground i ; 

Maximum Minimum Mean 



In. Ft. 

Feet. 

40 

2 X 10 

1 

41 

2X 10 

3 

42 

2 X 10 

6 

43 

1 X 10 

1 

44 

4 X 10 

1 

45 

8 X 10 

1 

50 

2 X 25 

1 

5P 

2 X 25 

1 

52t 

2X 25 

1 

53 

2 X 25 

3 

54 

2 X 25 

6 

55 

6X 25 

1 


131 

82 

98 

55 1 

23 

37 

26 ' 

20 

24 

254 i 

i 115 

155 

98 ! 

50 

64 

87 1 

38 

50 

52 1 

18 

27 

■■ 1 

— 

32 

16 1 

11 

13 

37 

18 

25 

14 

12 

13 

29 

19 

22 


2 INCHKS X Fkkt Strips Hi'kikd 1 Foot Deep, 
Connected in Series 


(i Ficet X 3 F'eet Plates Reried o 1‘eki Deep, C«»nnkcted 
In Si-:hii<:s 


Dislnncc between 
Centres in Feet. 


27 and 28 

6 

32 

26 

28 

27 and 29 

18 

37 

33 

36 

27 and 30 

48 

36 

32 

35 


li Feet X 3 l•‘El^T plates IJijkii;i» (iFeivT Deep, Connected 
In Parallel 


46 and 47 

Di.it ance between 
Centres in Feet. 

1 

56 

23 

34 

46 a ml 48 

6 

80 

35 

48 

46 and 49 

16 

87 

38 

51 

46 and 50 

36 

94 

39 

53 

2 Inches X 25 Feet* Strips 

Hr R TED 1 

Foot Deep, 

46 and 47 

CONNJJCTED IN 

1 

IVvkallel 

30 

16 


46 ninl 48 

6 

26 

13 

18 

46 and 49 

16 


11 

17 

46 and 50 

36 


11 

17 


27 anil 28! 

6 

12 1 

10 j 

11 

27 and 29 1 

18 

1 


10 

27 anil 30 1 

48 

10 1 

8 

9 


(Frartions of an olnii Iiavr bepii (lisreg.'inlcil). 


* Platf biirii'il vcrlicaly, inean tleptli b fppt. 

■f* Testo(l once only, F'cbnmry, 1926. 

(Ah f h rest t(jaf ion of l^lorlhiiHj Iinsisfonres : 
Natiounl Physical [jiiboratory, Teiltliiijrton, JjoikIoh). 


(I'ractions of an olnii have been disrejrnnled). 

The co])per stri])s in the al)ove le.st.s were j*t in. thick. 

* Tested once only, l’el>niarA', 1926. 
i* Placed in a coke bed. 

(yl// iHrrsiifjnfioH of bjirUtinij UcsisinHccs: 
National Physical Jjaboriittiry, Toddinj^ton, London). 
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Development of Education in India 

George Anderson 

Educatiunal Commi:tKioncr with the Ciovcrnmerit of India. 


'riiK pni^iTss ut' in linlia is linkt'd 

|o, ami ]>y, fcim's ovrr whirli wo liavi' 

lilllo <»i* lU) foiitrol. TIkto is, first, tin* tiltslacio 
of ptjvrrty of many kinds; 11uM*f is tin* poverty nf 
(iovn-nnn*nt and of local bodies ; tliere is also the 
^ri tiding poverty of the masses wlni often have 
not. the wherewithal to keep body and soul 1o- 
vrether. In this distressinj*- predicament, parents 
can scarcely he blamed if they make list* of the 
labour td' their chiblrcii insteatl <»f semlin!*; tln‘m 
tt> school. Next, there are rava) 4 :es of dist*ase, 
es])ecially of malaria, which must often result in 
<le])leted class rooms and in poor attemiance. 
Allot ht‘r obstatde is the abst‘nce <d‘ ^'ood (‘ommiini- 
cations, which must result inevitably in tIilVusitui 
t>f etTort ami in multiplying the numbt*r of stdiools 
beyoml what wtuild otherwise be r(*<(uire«L 

^’et another obstatde is the tiersistence <»f social 
customs, particulaidy as rellectetl in the attitmle 
tt>wards ^irls and wtuiien. Many an* disapp«)intt*<l 
by tlie (*omparativt*ly slow progress which has 
b(*(‘n madt* in tlit' t'dut'ation of ^irls ami contrast 
the rate of tn’niiress in India with that in ct*rtain 
tither countries. In reply, I wtnild ask wha* wtuibl 
be tilt* <*ffect if, in Knylaml, ftn* exampb*, the edict 
went birth that little «*irls slmubl be taujilit in 
stdiools separalt* from their littb* brothers and that 
women shoubi not teatdi in ))rimary schotds for 
boys; yet in Imlia it is the onlinary practice for 
littb* ^ii'ls to bt* taught in sefiaratt* si'hotils, ami 
it is only of rare occurrence to find a woman 
teacher in a Imys* primary sehool. 

Please <lo not think that I am complaining or 
tryin**- to make excuses; my main intention is to 
stress the vital importance of education in the 
life of this or any other country. Thou«:h etliica- 
tion, by itself, cannot remove ])overfy, cannot 
improve communications, cannot abolish disease, 
cannot mollify social customs, it is yet the essen- 
tial preliminary to all reform. Thou»:h w(* sboubl 


fherefore be liumbb* in face of j»i'(*at responsibili 
tie.s, we should not be unduly depressed because 
prntriT.ss has not )n‘en as rapid as wt* shoubi have 
wished. 

Then* is much. imb*ed, that should <*heer us 
in our laboui's. There is, first, the jin*at cjuantita- 
tive .‘idvam'e whicdi has been made in recent years. 
The fact that the eni'olmcnt in llritish India has 
advanceil from S millions in PUT to bd millions 
in IPdd eives us at least a few (*rumbs of comfort. 
Tin* indication is at b*ast that the <lesire for educa- 
tion is ^rowinji rajiidly. 

In particular, there has recently been a ‘.•real 
quantitative ad\ance in the ediu'ation of liirls. 
Kven mon* important, nirls now ti'iid to stay 
lonjiei* at scdiool and thereby reap yreater beiu*t 
by th<*ir s(d)oolin^‘. Tin* statistics are trul.v n*- 
mai'kable. d’he numbi*r of siu'cessful c.’iudidates 
in Matriculation rose from 1,00:2 in 1027 to2,l2S in 
I9’»2, and then swiftly to 2,770 in I!ld2 and to 
‘{,*»2r) in I!K)4. The lienjial fi.i»uri‘S are particularly 
c*xhifaratin'i, the number rising from 1.77 in 1027 
to d04 in Pldl. and then rapidly to liOO in l!KU. 
Tin* dc»-rce (ijiures are similarly pb*asinju^ but I 
shall not overloail my .-nldress with liyiires; those 
who wish to pursue the mattei* further i-an as»*i*r- 
tain the finures from the I'eports. 

In view of this adv;ince, it is all the more dis- 
tressiu'r that provincial ( b»v«*rnments, witfi the 
possibb* exception id’ .Madras and tin* Punjab, 
hav«* done but little to correct the disproportion 
in <*xpenditun* on tin* edu(*ation of the si*xes. It, 
is difficult to resist the awkw'ard impre.ssion that, 
during' a timi* of financial stringency, the first 
item of expemliture to be thrown overboard is 
that on i*irls^ education; yet this is the very time 
when, if it is to avoid the |)it falls which now be.set, 
the education id’ boys, the education of ;*-irls should 
be placed on a firm :ind stable fo\indalion. 

Another pleasint*- advance lies in the improved 
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aUitiifh* towards thr rliildmi of <lc*|)ri*ssod cdassrs. 
Thr most that was even thought <)f a lew years 
af'o was merely to institute a number of sef^rei^ate 
seliools, tfius erystallizinj*: the stigma of inferiority. 
The present and more salutary lendeney is to rely 
less and less upon sejrrejjate seliools, aJid more and 
more on ensurinu^ that these tdiildren shall be 
admitted on etpial terms with other ehiidren to the 
ordinary seliools td* the eoniitry. 'I’his healthy 
praetiee is steadily ‘rainin'^* }»round, and reports 
from all provinces indicate that caste prejudice 
is rapiilly disappearin';. 

I wish that I could jfive an etpially satisfactory 
report on se<;re^ate schools intended for ditTerenf 
sections of the community. In ad<lition to the dan- 
ger of unneces.sary duplication and competition, 
sejfretrate schools are not comliicive to creating; a 
happy and a united India. It is scarcely salutary 
that boys and yirls, diiriny; the impressionable 
years of youth, should be cd(icate<l in a narrow and 
roslrieted atmosphere; they shoubl rather be mix- 
ing intimately with children of other c<mimunities 
and be traine<l in a spirit of tolerance and j^otHl- 
will towanls those of other creeds and beliefs. 

Another sio-n of pro};rcss is the marked im- 
provement in the playing: of frames and in provid- 
iri«r facilities for healthy recreation and for 
physical training:. Many schools arc no loiifrer 
the drab ami dull places which they used to be; 
this exhibition alone is proof of this <‘ontcntion. I 
woubl say a word, in particular, on tlic subject 
of physical trainiiijr. I hav*- taken c.xception to 
the scjrrejfate school; I also take exce].tion to the 
scjrrc'^ate teacher. The specialist in physical 
trainin'*- (and he is abundantly in-eded) shoubl be 
concerned with trainin'*: collen-es and with the 
work ot inspection l■ather than with teaching in 
irnlividual schools. If such specialists were avail- 
able in the trainin'; institutions, it would be possi- 
ble to ensure that all future teachers should be 
traiin'd, in addition to their other teaching flutics, 
to take part in physical training which would no 
lon^fer be at the mercy of largely illiterate trainin'; 
instrueliirs. I'ldess this policy is developed, 1 
cantiol see how physical traininj; can be ctiiiducted 


in the primary schools of Beng:al in that 
most of those arc of the single teacher variety. 

When, therefore, we review certain aspects of 
our educational system, there is good cause for 
satisfaction. When, however, we review the actual 
eflVcts of (Mir labours, when we realize (as w'e 
must) lliat the (plant itative proiyfress in primary 
ednealion is by no means attended by a commen- 
surate reduction of illiteracy, and that such in- 
crease in literacy as has been achieve*! is almost 
counterbalanced by the increase in population, 
when we realize (as af;ain we must) that lar^e 
and cver-iiiereasinj; numbers of our }mpils are un- 
able to find suitable employment, when we review 
the enormous wastage w]ii(*h ])er.sists in all forms 
of education, oui* fcclin«;s of satisfaction arc 
turiual inevitably to those of ‘’■rave (liKcpiicliid:*, 

The Hart«>^‘ Committee ucre justified in point- 
iiif; out that — 

“All seotiona of tho cumimunity have littl**, if any, 
eho'co of the type of srhonl for their children. The 
prostoa typo of hi^h ami p:n»?li.sh middle school haa 
established itself so strongly that other forms of oduca- 
tif»n are oppo.^ed and miatrusted, and there is a marked 
tendency to regard the pa.ssa;^o from the lowest clas.i 
of n primary school to the hiijhest class of a hi*;h 
school as the normal procedure of every pupil”. 

In consctpienec of this aimless drift, lar^e and 
inereasinj; numbers of ]mpils ])roi()n«- unduly a 
purely literary fi>rm (»f education with the r(‘sul1 
that hot only rb) they conyest the hi;;h school and 
iiuivcrsily classes, but they themselves bceoiiu* un- 
fitted lor and indeed averse trom, p;irc1ical ot'cu- 
])alions and training;. Another unfortunate feature 
of (»ur present system is that “the normal f)rocc- 
dure” is iulerruiiled every two years by a biennial 
exa l•iill(‘lt ion. At each period of two y(*ai*s, a bov 
spends tin* period of six months of the first year 
in adaptiuK' himself (o new conditions and often 
to new sniTonndin^m; he also spends the last six 
months ot the second year in “crammiii';” for the 
ncM examination. There is thus little time or 
scope tor eontinnity of study. Moreover, an cx;i- 
inination should have a definite objective; it should 
lest whether a pii])il has completed sueeessfiilly 
a definite sta};c of ednealion; it should, thciTforc, 
come at the end of that staj^e. But our examina- 
tions appear to have no (hdinite objective; they 
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iiKToly nMM***^*^*^^ sii(M*cssii>!i of nii]i>stone.s iilunjr 
the dreary roa<l towards a deforce, which only a 
iiejrlifjihle proportion siiccee<l in takinji: or even 
aspire to take. 

We should therefore reeonstruet our system <»f 
education in such a way that it shall he divided 
into a number of separate sla«:es, each with a 
clearly define<l objective and uniramelled by uni- 
versity requirements. At the end of each statre. 
pupils should be diverted 1«) suitable occupations 
or to vocational institutions. Such was the 
}»eneral plan of reconstruction which was recom- 
mended in 19.‘U by the I'niversities* (Nniference 
and which was endorsed i\ short while aj*:o by the 
Central A<lvisory Board of Education. Lot me 
try to review, very brieily, what should be these 
staf^es of education and what should In* the 
objective of ea(*h. 

Before doinj^ so, I would ask you to note the 
word ‘diverted.* The Board were careful t(» avoid 
the implication that they were propcisinfi; a restric- 
tion of educational facMlitics. Pupils should not 
be denied the benefits iif education merely because 
their bent does not lie in the direction of literary 
studies. Such jiupils should lirst receive a suitable 
measure of j^eneral education and then, on the 
basis of that foundation, they shoubl be ]>r«)vided 
with ample facilities for practical traininjr which 
would attune their bent t<i ])ractical occupations 
and would not, as dues the present literary form 
of e«lucation wlien unduly prolonjred, render them 
averse* from such o<'<*ui)ations ami traininj^;. 

The Board first recommemled that “the pri- 
mary sta^'c should provide at b‘ast a minimum of 
jreneral educatitui and ti’aininj;, whi<*h will ensure 
permanent literacy’’. It is extremely <loubtful, 
however, whether even this very modest objective 
is beinji' achieved, or whether India as a whole 
is making mucli leeway aj»:ainst the forces i»f 
illiteracy. Educational statistics p?*ovide the melan- 
choly information that, in Bengal for example, 
only 15 per cent of the total enrolimuit of boys 
and only 2 ])er cent of the total enrolment of ^irls 
in the four primary classes reach (Mass IV (when 
literacy may be anticipated) within the prescribed 


])eriod of time. Moreover, the conditions of villa*re 
life beintr what they arc. many even of the very 
limited number of pupils who attain litcra<*y only 
loo often relapse into illiteracy shortly after leav- 
ing* school. 

It has been represente«l that a rapiil intrmluc- 
tion of compulsion would be the panacea of all 
our ills ami would spe(‘dily result itt a literate 
India. I mysj'lf am a keen supp«)rter cd’ compul- 
sion; the Punjab can at least claim that it has 
made vijrorous elTorfs in that directioii as, accMinl- 
ina: to the latest statistics, as many as school 

areas in the Punjab were under ct)mi>ulsion. But 
1 am bound to a<lmit that the effective results are 
by no means commensurate with the <*fforts which 
have be(*n made, rnfortunalely, compulsion can- 
not be introduced merely by a?i onler or by a 
stroke of tin* pen: careful tmeparations are 
required. 

In the first place, we have t«» take intt» account 
the tjloomy subject of fimnice. 1 sometimes feel 
that a terrible amount of lime and enerjjy is 
wasted in workinjj: out delaiieil fijrures of ex])en- 
diture which must inevitably be misleading ami 
becimn* ipiickly out of datt*. An approximate 
fij^ure is easy to arrive at. Take the averat;e cost 
of c'diicatinM a pupil in a pritnary school and 
multiply by the number of additional pupils who 
would be educated as a result of <*ompulsion and 
a detinite tif^ure will be reached. But there will 
be a worhl of dill’ereiict* in the ultimate and actual 
ti«:ure as a residt of the «lcyi*ce of en[ici(*ncy that 
will obtain. Sut)p«>se, by a stretch of imairination, 
that the teachiim arraiuiements will be so elTicient 
ami attendance .so regular that every pupil will 
complete successfully tin* primary staj^e within 
four years, the ctjst of compiilsion wouhl be (*om- 
paratively small arnl would be amply juslifie<l. 
Supposin^r, on tin* other hand, that tin* teaching* 
arran}»(*i!n‘nts will be so ineffeclive and attemlance 
.so irrejrular that not a sinyb* pupil, even after 
a slay of six years at school, will complete the 
primary course*, the cost wouhl not only In* in- 
finitely #^r(*at<‘r but would not be justified. An 
c.s.senlial comlifion to su<*ce.ss is, tln-refon*, that 
the schools in which (Mimpulsion is applie'd should 
be both edicient ami ecomuaical. I am al.se) eloubt- 
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fill tin* morality ol* fimliny: pairrits lor llu* noii- 
atlriMlanct* of tlicir cliihln^n, iiDirss ami until \vi* 
ran assiirr thrm that thrir rhililmi would ^ain 
prai'tiral hrncfit hy thrir S(*hooliii*i-. 

'riirsr consiili'ralions art* apprrriaird in rrrtain 
<)uart(‘rs; linn'r the proposal that (Mtmpiilsion 
simuld first hr attrmptrd in a I'rw proL-ia'ssivr dis- 
tri«'ts. I do not mysi'lf atirrt* with tin* partial 
i?itrodii('t inn •<'' coinpidsion in a niimhrr of wid*' 
arras, as sindi a pra<*tic*r would simply hr a 
material intrrjn-rtalion ol' thr liihliral text: “To 
him that hath shall hr ^ivmi. and from him that 
hath not shall hr taUrii away rvrii tliat whirh lu* 
srmiirth to havr”. Thr aimninl oT monry avail- 
al)lr for pi'imary rdm-alion hriny- limited, it wouhl 
srai’rriy hr (‘(piitahh* to devoir Ihr vasi hulk of 
that amount to provi<lin‘' widrspiM*a«l farilitirs for 
every (diild in a jiriveii distrirt, while (diildreri in 
other haekward distrirts would inrvitahly h(*romr 
worsi‘ off rvim than hrforr. Similarly. sm*h a 
poliry wonhl arrrntuatr still further tin* present 
dispiopt)i'tion in expeiiditiiiu* on edm'alion helwren 
the sexes. Are the ‘•iris to starve until their 
brothers have hern amply led? 

Mn the other hand, I am stronjily in favour of 
applying: et)mi)ulsion in every sehool area, in whieli 
the primary syst<'m is hoth <'eommiieal and elTee- 
tivi* and in whieh pnhiie opinion is favourahle. 
In other Words, eonipulsion should he rei*arded 
as ;i rewai’d for ;»ood work, uoml administration 
and ^enei'al enthusiasm. 

It is also foi' eonsi<lerati»)n whether it w«»uhl 
not he advisable, at any rate in the initial .staj*:es, 
to i'oueentrate on ensuring: that ])upils alreatly at 
sehool shall remain at sehool ivither' than, as tin* 
liiidithyow <*onimission neatly put it, on “strain- 
ini* aftiM* the last truant”. In any ease, it is far 
more important in the initial stages to ensure that, 
year hy year, tln>S(‘ of the minimum ajie shall 
attend sehool re;_fularly than to c'ompel hoys with- 
in a yeai* or s«» of the maximum aii'e to I’eec'ive 
infruetuous s<*hojilin‘_' and thus to eniharrass the 
training' of those who desei-vi* yood teaehin^r. 

I'niversal and eompulsory ediU'ation sinuild not 
therefoi'e remain a distant ideal: we should take 


immediate steps for prep.-irinj^ the way ttjwards 
the aehievemeiit of that ideal. What shouhl he 
tlu»se steps.^ 

In the first plaee, u'e must deeide what is the 
minimum time in whieh f^'rante<l mood teaehin^ 
and regular attendanee) the averaji'e pui)il eaii 
attain permanent literaey. The Sapru (Committee 
has reeiMitly r(‘eomnn‘n<led a period of six years. 
We have been strivinj*- t(» reaeh the same ])eriod in 
thc‘ run.iah; and it is somethin^' at least that more 
than half (d‘ the primary pupils in that provinee 
are now enrolled in lt»w'er middle sehools (with 
six ela.sses in eaeh), where the teaeliin**- should he 
far nn»r«‘ ellf'eetivc* than that niven in the four- 
elass primary sehools. Hut we have to eonsi<ler 
not <»idy the lar“e expeiiilitur** whieh wouhl he 
iiivtdveil hy the intnuliiet ion of a six-year primary 
staue, hut also the dire neeessity felt hy par<‘nts 
in rural areas for the labour of their h(»ys. I am 
tii(‘r(‘fore drivmi t(» the eoueliuaon that, in present 
t'oiidit ions, the i)rimary sta«ie should he one of 
live y«*ai*s. I'e this as it may. I am eoiifident that 
a lower primary sehool (with only three* elasses) 
is praelieally valueless either for the purp(»se of 
attaininii’ literaey or foi* laying- n firm foundation 
on whieh to build up an (‘Hieient and eeoiiomieal 
edifiee t)f ee»mpulsion; yet tht* vast majority (d* 
primary sehools in this IM’esideney arc* of this type* 
and, what is even more unfortunate, they are 
:!lmc»st invariably of the si 'ule-ti'aeher variety. 
The average enrolment of a pi-imary sc-hool in 
Ih'n.Lral is only dS, a fiuiire lower lh:in that in any 
othc*r provinee* ex«*epl Hihar. I am fhc*rc*fore driven 
to the eonelusion that the* vast majority c*ven of 
tin* eomparal i vely small numhc*r of pu])ils who now 
reaeh ('lass IN' within the nc»rmal period of time 
are enrolle»l in tin* primary dc'part merits of S4*eon- 
dai-y sehools and that the pi-imary sehools make 
almost a nejilie-ibh* eontrihution towards the 
rc'duetion <»f iHite!*ac*y. 

Mavini*’ decided the dui*ation «d‘ tin* eoui'se, tlie 
next stc*]> will he to provide the sehools in whieli 
the eourse shall he tauy:hl ; efllieieney is 

c*ssential as even a pc*riod of five years is all too 
short for the* attainment of ])ermanent literaey. 
The object in view' shouhl he that, in the* interests 
<d’ e*«*onomy, ev<*ry class of evei'v ]>rimary sehool 


SCIKNC'E & 
CITLTll K K 


16 



DEVELOPMENT OF EDUCATION IN INDIA 

should include the Tull eompleiiieiif of pu])ilN (say 
20 ) ; and that, in the interests of eflieieney, no 
teaeher should teaeh more than <»ne class at the 
same time. 

rnfortunately, throuiudiout Imlia, there is niiieli 
ditil'iision of effort in the pi'inn-iry system. A few 
years aj^o, the Direetor (»f Puhlie lnstru<*tion. 
Uihar, ohserv<‘d that 

"Then* ia a movement f<ii* substilutinK for the village 
scthool a variety of .sehools inlende<l for the lamefit 
of particular communities .... We are now reaehiiiK a 
ataKC when each villa>::(‘ wants u primary school, a 
maktab am] a ‘fntthahtihi. Tn addition, it i.s cl.aimed that 
even at the lower primaiy ata^e separate schools are 
necessary for )^irls, and also in many places separate 
schools for children of the depres.sod classes. Thus, in 
poorest provinc’e of India, we are asked to provide five 
primary schools for eacli villaKe." 

We should theref(»re review at onee ilistribu- 
tion of primtiry sehools. We must tirst enidieale 
all sio-iis of io-nohle eom])etition. As tdready 
sujro('ste<l. we should he serupuloiisly eareful in 
S^iviiij'- the dilTereiit classes fair play tind in admit- 
tiiifir their children pari passu with other ehihlren 
to the ordinary sehools. We must next ])rovide 
that the religions ami <Miltural rer|uiretuetits of 
eonimutiiti<‘s shall he <luly observed with a view 
tt» ])rovidin^' in each school area a central school 
ftiT all ehihlren williin that area. Kinally, thouf»:li 
we should consider the iirffcnt necessity of intro- 
rluein^^ a scheme of eo-o<lueation at the primary 
stafre. we should remember that such a system 
should apply not only to the ]nipils hut also to 
tlie stiifl'. I jit tie jiirls sliould not he a<huittod to 
seho«)l with their little hrot tiers merely by 
suflferanee. 

The next step will he to e<»nsidei’ the eiirrieu- 
lum of primary sehools. In this respect there is 
ilanj^er of losing the riji:ht perspective; it is suy:- 
jLfcsled that the euiTieuhim sliould he tiverladeii 
by a number of siih.ji*el.s, for«etfiil of tin* fact that 
the pupils are small children whose main business 
it will he to attain permanent literacy at the 
ciirliest possible moment. It is ess«'nlial, no doubt, 
that pupils should he tauf*:ht tlirouf;h the medium 
of what is familiar to them, that the reatlin^' hooks 
should he suitable, and so forth, hut it would he of 


little value to recast the curricula and to re-write 
the text-hooks unless ;ind until teaelu-rs who un- 
derstand the new learning hav»‘ become available. 
Ill this as in all other educational refoi-m we 
shoiihi lie earefid to liC'fin with the teaeluT 
ami end with tlie ti'xt-hook. 

Our most important and <lifll<*ult task, there- 
fore. will he to find the leaeliei*s who, •»iv(‘n 
reasonable emoliiiiieiits and also r(‘asonal)le con- 
flitioiis of work such as I have drs**ril)ed. will he 
sucee.ssful in impart inir literacy to I he mipils. 

If, however, the teai'hers are to he sucee.ssful, 
they should iiiidouhledly liavt* reeeivi'd Irainiii*^; 
otherwise, they <*amiot he e\pect(‘il to he .siieee.ssfiil 
ill the ditVicult task which lies hi‘fiu-i‘ them. The 
fifrures iinforl uiialely tell iis the im'laiieholy fact 
that the perei'iilatje of Iraiiie*! teai'liers in Ikm^al 
is only 2S. a pereenlaiiie lower (haii that in almost 
any province. .Mori'over, tin* niimhei' of primary 
teaeh«*rs under trainin*'- is .so small that, at the. 
pres<‘iit pace, it will he a lon}^ time lu‘f4u*e |{en^al 
can nsieh a reasoiiahle pen-eiitaue of trained 
teaeluTs in primary selmols. I am temptisl to 
sii^jrest that the presemt system of maintainiii'r a. 
larjfc number of minute traiiiin**- classes is neither 
<*ITieient nor (economical. A fiolii'v of eoihsolida- 
tion, iherefone, seems to he re(|uired. 

It is also d(‘sirahle that, in rural areas, jirimary 
teachers should he in sympathy with their environ- 
iiieiit, and should therefore havi* i‘eeeiv(*d their 
j*«‘iieral trainiim- in veriiaenlar middle sehools. The 
recommendation of the Hoard that, at the secon- 
dary .stay:e, “the c«nir.scs in rural areas should he 
attuned to rural rcr|uiremcn1s” is therefore of 
H:reat importance. The profjress of the country- 
side is dependent very larjicly upon the guidance 
that should he fiivcn hy an imli^-(>nous affciicy; it 
cannot he promoted enVctivi'ly hy means of 
sporadic and larf^ely inexperieiieeil efforts from 
tiiitside. It is therefore unfortunate that, in the 
present educational system, hoys and j»:irls who 
mi(i:h1 have ])rovide<1 that an,‘eney ar<* often led 
away to the towns in order to receive a purely 
literary form of education, in eoiiseipieiiee of 
which they not only eonf*est .still further hifrh 
school.s and eollej^es, hut also hecoiiu' lost to tlie 
service of tlie countryside. It is therefore unfor- 
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tuiiati* that this typo of school, on which the pro- 
{frossivo <if;volopiiient of the count rysiilo largely 
<lepon(]s. has fallen into decay in Benjral, especially 
as it is so very larfrely an atrricultural province. 
A rural flavour or bias cannot be imparted merely 
by atldinp: a book kimwled^e (if agriculture to the 
curriculum of an otherwise urban school ; what 
is needed is a vernacular nii<ldle school which is 
self-contained a?ul whose objective is to train boys 
and a'irls in the service of the countryside. A 
country, which nefjlects and impoverishes its 
counlrysi<le, must inevitably lose sooner or later 
its reservoir of strentjth. It is for this reason that 
I rejoice that my own country is makinjr belated 
but nonetheless lamlable efl'orts to envit^orate its 
count rysidt* by means (d‘ a well-<levised system 
of rural education. 

1 have siu«:v!;e.st.ed that there slnmld l)e separate 
and self-c<i!\lained stap:es of <'<lueation, each with 
its own objective, ami that at the eml of each stajre 
pu))ils should be diverted to practical occupations 
and training. The main point of diversion will 
undoubteilly be at the eomplction of the secondary 
sta^fe. The crucial question, therefore, is wheti 
that stajje should eml. Statistics tell us that, in 
British India, ti(i per cent of the boys in tlie liifjher 
cla.sses of hifrh schools cannot enter for, let alone 
pa.ss. Matriculation until they are eijrhteen years 
of ajifc or older. The indicati^m is, therefore, that 
a very larjje number of pupils [irolon^ unduly a 
purely literary form of education ami that, by 
so doin^, they become unsuite<l to, and indeetl 
averse from, practical occupations and training. 
I thert‘for<* submit that the stilTenin^ of Matricula- 
tion standards, by it.self, would be wronj^ policy; 
it would not only be an undesirable form of res- 
triction, but it would tempt pupils, with little or 
no literary bent, to prolong still further or even 
more infruetuously their literary stmlies in hif^h 
schools and t(» become even less inclined than they 
are now to practical occupations and training;. 
The root of the trouble lies <leeper than Matricula- 
tion ; it is to be found in the schools themselves. 

If vocational training is to be eflfective and 
successful, the main diversion from the literary 
form of education must take place before Matri- 


culation. We must therefore select an age when, 
on the one hand, a pupil will have had time to 
acquire a sufficient measure of general education 
as a basis for his vocational training, and when, 
on the other hand, he will not have become so ‘set* 
in the literary rut as to have become averse from 
practical occupations and training. At all costs, 
he must not wail too long. 

The Hoard have advocated “a lower secondary 
stage, which will provide a self-contained course 
of general edueation and will constitute a suitable 
foundation either for higher education or for 
spfHMalized practical courses.” In view of the 
fact that, over and above this stage, there is to be 
a higher secondary stage, it is presumed that the 
proposed secondary stage will be of shorter 
<luration than at present, and that its objective 
will be to provide a suitable measure of general 
training to pupils up to, appn)ximately, fifteen 
years of age. This arrangement would seem to 
fulfil the tw'o essential conditions; a suitable 
measure of general training and an age when the 
pupils would be more likely to take advantage of 
practical training. 

What then of this practical or vocational 
training vv'hich will follow on afti*r the (‘ompletion 
of this shortened secondary course? Some urge 
that practieal training should he provided as 
optional subjects along witli the literary subjects. 
Such an arrangement, in my opinion, would be 
fatal to siieeess. To be suceessful, vocational 
training re(|nires expensive equipment and, above 
all, experienee and practical teaching. Moi-cover, 
resoiirses should not he dissipated but should, as 
tar as po.ssible, he eonifentraled in institutions 
designed for the purpose. There is also a grave 
danger that a haphazard intermingling of voca- 
tional aii'i literary study may defeat the very 
object in view; pupils might be tempted by the 
bait f»f somewhat superficial or intermittent voca- 
tional training to prolong unnecessarily their 
literary studies and thereby to become averse 
from firaetical occupations. I am therefore con- 
vinceil that the new facilities for vocational 
training should be given as far as possible in 
separate vocational institutions. 

We are told that all this will cost money and 
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that India has not the wherewithal to meet the 
large expense that would be involved. 1 would 
reply that all education, in whatever form, costs 
im>ney. The question at issue is whether we 
should continue the largely wasteful system of to- 
day or whether we should strive to spend at least 
a portion of the present expenditure on more pro- 
ductive and more practical forms of education. I 
am myself amazed that (lovernmeiits and other 
authorities continue to subsidize a purely literary 
form of e<Iueation for large numbers of pupils who 
are unlikely to reap benefit therefrom. To those 
with a statistical bent 1 would suggest that they 
should try and estimate the expenditure on those 
who are unduly prolonging their literary educa- 
tion. (V)unt up the number of those pupils in 
high schools who cannot expect to enter for, let 
alone pass, the Matriculation until after reaching 
the age of sixteen or later, and then estimate the 
expense (capital, recurring ami personal) which 
is incurred on their education. Count up, again, 
the number of students in colleges who fall by the 


wayside and nev'cr succeed, even afttu* years of 
labour and of many unsuccessful attempts in 
taking a degree, and then estimate the cost of 
their successful efforts. 1 my.scif estimate the 
amount at Ks. 5 crorcs a year in Hrilish India. 
Whatever be the amount, it must be a very high 
figure. I do not suggest that the wdiole of this 
vast, sum would, or could, he saved by a <livcr- 
sion of these pupils ami students; my contention 
is that large sums of money are being squandered 
and that niueh of the money could be .spent far 
more profitably by providing a im)i’e suitable 
form of practical training for these pupils. 

I must now bring my remarks to a close, as 
I hope that there may yet be time for <lis(*iission. 

1 realize that 1 have been able to give only a very 
brief sketch cd' the general sehenie of .school reeon- 
.s1 met ion which sisniis l(» me e.ssential. I am not 
therefore in any way pessimistic. I am confident 
l!:at, if «>rdy we educationists can carry on our 
wtu*k, each with a clearly detimsi ami attainable 
objective, we shall at least not fail in carrying 
out our great n*sj>i»nsibilities.* 


* Sutihtaiice of a lecture delivered at the IJciigal Ivluealioii week, Fehninrv 


Annual Meeting of the British Association 


Headers are reminded that the annual meeting 
of tile Hritisli Assoeialion will l)e held this year in 
Hlaekpool, from Septeiidx'r Pth to Kith, with Sir 
Josiali Stamp as president. At the inaugural general 
meeting Sir Josiali Stamp will deliver the pre.siderilial 
address, dealing with the impaet of S«'ienetr on Soeiely. 
On the evening of September 10th a reee]>tioii will be 
held by the Mayor and Mayoress of Hlaekpool in the 
Winter Gardens. The first evening diseourse will la* 
delivered by iVIr. C. C. Pat<^rson, who will speak on 
science and electric lighting, a subject of vital iiit«Test 
to Dlaekpool. 'I'he .second evening discourse, by 


('aplaiii F. Kingdon Ward, will deal willi plaiit- 
hiiniiiig and exploration in 'I'ibet. One aim of the 
Assoeiation, preserihed in its first Statute, is “to 
obtain more general alteiition for the ohjeels of 
Scieiiee, and tlw removal of any disadvantages <»f n 
piihlie kind which impt'de its progre.ss." In order to 
help fulfil this aim, a series of pa))ers, stressing the 
puitils of more itninediale public welfare, have been 
grouped together in a series. Six of the ))residential 
addres.ses are ineludi'd in this series, as well as many 
of the other papers. 

- -Discover If, June HKKi. 
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Sigmund Freud 

Owen Berkciey'Hill 

Indian Mrclic-ul S^rvic • 

|VVf‘ iirc Klad to publish the paper on Freud by a 
leadiiiK psyehoaiialyst. of India. It is not possible to do 
full j i-tice ii versatile and prolific K^-nius of Freud 
in a Hinkle paper an<l we are not without hopes that 
many thiims untouched in the pre.si*nt paper will be prt;- 
senled in future issues. Freud's contribution to the psy* 
choloj^y of dreams. p.sychopathoUniy of everyday life, wit, 
instinct, and allied topic.s ran he treated only in a seriea 
of papers and not within the limit of .‘.pace fi.xed for 
Freud in the pre.sent i.ssue. 

We subjoin a ijlos.sary o<‘ technical terms that are 
likely to pn»serit difficult le.s to Isy readers. — h'ditor] 

Pih )ii.\iti.v no iiiiiii to-i|;iy, willi llu* possilih* 

<‘xee|»tioii «»r Kilish'iii, inlluenepd 

IIkmi^IiI ill so iiitiiiy <1(‘]):ii‘1iim‘ii1s :is llu* Moi*;tvi;iii 
•lew, Si^'iiiuii(l Kroinl, who attaiiu'd his SOlli hlrth- 
cltiy on I he Hfh Mny, this ytvir. 

It is said that liord hairoin*, in the dodioation 
oT tin* now rnivorsily jit .lotMisaloiii, roForrod to 
Kroud its ono ot* tho roprosont jitivos oi' inlollootiial 
diitlaisin. Others, cspooially on tho (Vintinont of 
Kiiropo, lijivo Toforrod to his 8onntisin in less 
Itononrablo tonns, but tho fact roniains that Proiul 
stiinds to-«Iay as tho innovator of a point of 
afiproaoh to tho niniorstaiKlinjf of tlie human mind 
which has not only torn down tlio rijfid lino of 
domaroation liotwoon natural aiul iriontal soionoos, 
Itiil has profouinlly intluoiiood niodioino, psyotio- 
lojry, psyohothorapy, anthropolofiy, roli««:ion, litor- 
aturo, art, .sooiolof^y, ami oriniinoloffy. 

Kroiul's oarlior rosoarohos woro physiological 
rathor than psyoholofriciil. ||(» was tho tir.st to 
introdnoo oooaino as an anaostholio for oporations 
on tho oyo. hiko most niotlioal mon of his day, 
ho holiovod that tho prohloms (d* montal dis<inlor 
woro to bo solved hy oxploriiif? tho brain and 
nervous system than hy attomy)tinif a firstdiand 
stmly of tho mind its(‘lf. Like so many others, as 
ho has himself told ns, ho hoyan hy tacitly assuni- 
iny; that wlial was not consoious must ho purely 
physiotil. While still in his twontios, ho wont to 
l^aris wlioro ho hocamo a student at tho Salpctricro. 


As ono amonj^- a cro\v«l of foreijiiiors sittinj** at tho 
foot of the ominonl h’ronch neurologist, Charcot, 
little aftonlioii was paid to him. liOtirnin^ that 
(*liarc<it was an.xions to have his locturos trans- 
lated into tiorman, Kroml olTorod to umlortako 
tlio work. Charcot ac'ooptod the olTor and Croud 
hocamo lu*ncoforth a motiihor of the cirolo of his 
por.sonal acrpiaintjincos. While in Paris ho stmliod 
tlio th(MM‘i(‘S of Pii*rro diiriet. anothoi* ominont 
nonroloj»ist. Charcot ^s invest iffjit ions into hy.sloria 
made a iloo]) impression on Croud, particularly 
an exclamation of Charcot: “In such cases sox 
is tho most im])ortant thinf»: always, always.*' 
Croud felt thaf ('harcot had prcivod the j»onuine- 
no.ss of hystorioal phonomona ami their conformity 
to laws, tho frotiuont ooourronoo of hysteria in 
mon and the produ(‘ti(»n of hysloriojil paraly.sos 
and oontracturos hy liypnotio sugHfOstion. Ono 
roniark, amonji- many, that Charoot made in 
Croud's hoarinj^ loft an indolihio improssi«)n on his 
mind. Ono <lay, during' a disoussimi of .some oh- 
jeotions to a j)artioular theory, Charcot observed: 
“Ca n'omprclio pas d'oxislor." Croud never 
ftu’f^ot those words. After a visit t(» Merlin, Croud 
roturnotl to Vienna. At onoo ho was made aware 
of tho truth onihoiliod in Xoitzsoho's famous 
aptdhoj'iii, “Mankind htis a had oar for now 
riiusio." It would liavo boon easy, particularly 
in the modioal atmosphere in which ho found him- 
self, to aoeopt tho sniiu? i<loa of modioal nihilism 
in rolation to the troatmont of tho nourosos, and 
to enjoy without a care his rapidly ^rowiiif^ nouro- 
lo«;ical i)raotioo. Hut his uiirolontinf!: oritioisni of 
tho insuffioioiicy of thorajioutio ability and theore- 
tical knowlodf*-c of tho time led hint t<» rofcard 
oloot rot h crapy for tho nourosos as futile. Similarly, 
tho unroliiddom'.ss of tho ooojisional results obtain- 
ed hy liypnotio ami suf*y?<*s1ivo intiuonoo induced 
Croud to fiivo up those methods as well. His 
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zeulous drive for truth di<i not permit him to halt 
at mere critieism of the provailiny: attitude. His 
inquisitive miml allowed him no rest until the 
(piestions he had raised ha<l been solved. Without 
a <loi(i)t it was an aeeideiit that at that time the 
Viennese pliysieian, Dr. Josef Hreuer, had an in- 
telliffent female patient nn<ler liypnotie treatment, 
who observed in herself the favourable etTeet of 
talking about the eontenl of her phantasies and 
ealled her physieian*s attention to her observation. 
She was, in short, the diseoverer of what was later 
to be known as the ‘eathartie method \ A mere 
eoiiuridenee brouj'ht Krend into personal eontaet 
with Hreuer whereby he beeame ae(piaint(‘d with 
the important diseoviM'y that Hreiier had made. He 
be$*:an to re])eat Brener’s investigations with his 
own patients ami after fimlin;*: that Brener’s ob- 
servations were invariably eonfirmeil in every ease 
of hysteria aeeessibb* tosueh treatment, and having 
aeeumulated a eonsiderable amount of material, 
he pniposed that Brener and he should issue a 
joint piiblieation. After expressing a <(ood deal 
of opposition, Bremn* eventually eons<‘nte«l and in 
IS9J they published a preliminary paper, M)n the 
Bsyehieal Meehanism of Hysterieal IMienomena*, 
and in IStlb the world re<*eive<l their book, 
Stiidirii iilh'r iltfxlrr'n'. ’I'liis luiok <lid not seek 
to <les<*ribe the nature <»f hysteria but merely 
to throw Iit 4 :ht on the <‘tioh»j»y of its sy iiptoms. 
In addition the book inti’odueed an entirely new 
outlook <»n mental proeesses in m*neral, namely, 
their dynamie nature, by siipp<»sin»: that a symp- 
tom arises through the damminj>-up <»f an alTeet. 
Thera pent ie aim then beeame an attempt to 
<lireet the aeeiinudated afTeet whieh maintaiiie<l 
the sym])l(mi, aloii^’ its normal i)ath whereby it 
eould obtain disehar»:e (or abreaction). The 
praetieal results of this proee<lure were fiiuml 
to be exeellent. These aehievements were helped 
by Knuid’s apt)lieation of the metluul of ‘free 
assoeiation’ so that it is no exa«:H:eration t<» say 
that modern psyeholo»»:y was born at the moment 
when Freud’s main idea was eoneeived. It was the 
discovery by Freud of the iiart ])layed by tiie 
sexual instinet in the eliolo«ry of tl:e iien.-oses that 
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soon left him alone in the field, for up to that time 
only two men had been endowed with sulTieient 
eouraj^e to publisli their e.xtensive studic*s of the 
instinet «»f s(‘X — Krafft-IObin^ and Havelock Kllis. 
Althouirh Fn*ud always imiployed the term ‘sex’ 
in a far broader sense than is customary, there 
is im doubt, his insistence on the iiiit»ortanee of 
till* sexual factor led many to allinii that he was 
obsessed with the notion and applied it at all 
costs. The result was that he was accused of 
delvin*'- into ‘the* dirty instincts’, while others 
hurled such expressions as ‘ panse.xnality * and 
‘dangerous psychic epidemic’ at his tcacliin<rs. 
These reactions of fury seem now to be nearing 
their end, for more and more voices, and amon^ 
them distinguished ones, are inclined, at least, 
partially, to confirm Freinl’s views. It is strikintir 
that such substantiations come not only from 
psychiatrists but from iihysicians, surj^eons, 
»jynoeeolo”:ists, ])ediatricians, dermatologists, and 
so on. To day many distinguished physicians are 
willin^^ to rely upon analytic therapy in ori^anic 
diseases. Bsychoana lysis has tau^iit. aiiioiifr otlu'r 
things, that it is not enough to treat a disease; 
we must j'o further and treat the rliseased 
person. In BIOS, at Nuremberg, the International 
Psychoanalytic Society was founded. Branches 
soon s])ran^’ up in cultural centres throughout the 
world. In Berlin, Vienna, Paris, London, Biida- 
nest, New York, and (.’alcutta as well as in other 
im))ortant cities, tliere are now clinics and ednea- 
tioiial institutions for the teaching: and practice 
of Freudian psychot herapy. The ofiicial journals 
of the International !*sychoanalytic Society arc 
the Intrniatiofia! Zcitxrhrift fiir Psi/c/irmnnli/sr, 
Iviatjo, ami the I ntt’rnalitnial Journal of Px if cho- 
anal ifsix. 

The separatist movements which are manifest 
in all f^reat ideas, did not leave psychoanalysis 
untouched. Durin^j- the years 1911-19115, two 
sece.ssionist movements from psychoanalysis look 
place. These movements were led respectively by 
Alfred Adler and D. Jun«:. As Freud himself 
states, both movements seemed most threatening: 
and quickly obtained a lar^e following. Jun^ 
attem])ted to ;^ive the facts of analysis a fresh in- 
tei'iiretation of an abstr ict, impersonal, and non- 
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histori(':il (?liara(.*tt*i\ hoping lhi‘n*l)y to escape the 
neetl for reeoj^nizin*^ Ihe importance of infantile 
sexuality and of the Oedipus complex as well as 
the necessity of the analysis of childhood. Adlc'r 
departed still further from psyehoattalysis. He 
repmliated the importance of sexuality, traeinii; 
hack the formation both of character ami of the 
neuroses solely to men’s desire for power and to 
their need to compensate for their con.stitutional 
inferiority. Thus he threw all the psychological 
discoveries of psychoanalysis to th«‘ winds. In 
spite of the rather formidahlc challen*»:e to psycho- 
analysis made hy Adler and Juiijr, the effects of it 
wore off in the course of time .so that after ten 
years thc.se heresies have done little or nothing 
to undermine the foundations of psychoanalytic 
psycholoiLry. 

As Samlor Ferenezi tohl us, Freiul’s concepts 
have wroujfht immense chanjres in psychiatry. No 
one is satisfie*! any lonj^er with the traditional des- 
criptive methods of labeling cases aeconliiijw: to 
their symptomatic j'roui)ins:. Freud’s teaching has 
shewn that the symptoms of the insane cannot 
henceforth be reffanled as a collection of abnor- 
malities without meanirif?. He has shewn us that 
the psychopath speaks a lanf?uaf?e which is intel- 
ligible to the competent expert. 

Althoujib Sehopenhauer ami v«)n llartinanii 
popularized the ‘iineonseious’, ami F. W. H. Myers 
had attributed K-enius, hypnotism, spiritualistic 
phenomena, and many peculiarities of our every- 
day experience, to what he called the ‘suh-coii- 
scious mind’, it was Freud who substituted closer 
observation for loose speculation, thereby showinjf 
what precisely was the nature, orifyin, and intiueiicc 
of these unconscious factors. Freud's work, as 
far as psyeholo«:y is concerned, may he looked on 
as a reaction against the excessively intellectiialis- 
tic attitude of continental psychologists of his diiy. 
an attitude that still dominates the psychobigy of 
the school room and the law court. 

In England, psychologists under the lead of 
Ward, Stout, •James, and McDougall, had already 
realized the supremacy of impulse, of purpose, of 
what Freud would call ‘wishes’— in a word, of 


mental forces as distinct from mere ideas. Thus 
many of Freud’s characteristic doctrines had been 
fore-shadowed in textbooks that emanated from 
(’amhridge and Oxford. Perhaps on this account 
psychoanalysis obtained a far more ready 
acceptance among students of psychology in 
England than upon the Continent. 

The services rendered by Freud to anthro- 
pology are best studied in his epoch-making book, 
Toirm ant! Tahon. Here he shows that totemism 
has the same latent content as neurosis, or, in 
other worils, that the social organization and 
religion of primitive mankind are based on the 
Oedipus complex. Where Freud has shewn the 
way, others were hound to follow so that we find 
many instances of the beliefs, customs, and 
traditions of primitive man now being subjected 
to scrutiny on psychoanalytical principles. 

The first definite point of eoiiiiection between 
psychoanalysis and the psychology of religion was 
a short contribution published by Freud nearly 
twenty-five years ago, in which he drew attention 
to the resemblances between religious rituals and 
the ceremonials of obsessional neuroties. A review 
of the subject lias been made recently by Ernest 
Jones and published along with other essays on 
matters pertaining to psyehoanalysis in book 
form entitled Psifcha-analifsis To-daif. Jones cites 
some of the more imi)ortant eontribntors to the 
study of religion and psyehoanalysis, es|)eeially 
the work of Keik, Knheim, Levy, Lowenstein, and 
Kinkel. As Jones observes, the ontstaiidiiig dilTer- 
enees are plain enough, such as the soeial eharne- 
ter of religion as contrasted with the individual 
eharaeter of the neurosLs, the tremendous differ- 
ences in the sense of value, and so on. Neverthe- 
less, there are .some striking rosemblanees. notably 
in the eon.seientious attitude towards both and the 
dread of conscience pangs if the acts are omitted. 
In Freinl’s opinion the obscKsioiinl neurosis repre- 
.senls an individual religiosity and religion a 
universal obsession;il neurosis, lie further con- 
elmles that both are dependent on renunciation in 
the field of primitive impulses, sexual or egotistic. 

For information on the influence of psycho- 
analysis on literature, we may turn to a penetrat- 
ing study of the topic made by Fritz Wittels. We 
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(‘auliot but agree with Wiltels that a study of the 
art and literature of all times ami of all nations 
evokes amazement by the discovery that wc find 
therein all the com])lexos which psychoanalysis 
has brought to light recurring again and again. 

It is not easy to predict whether this discovery 
will lead to a new golden age or to a decline m art. 
At any rate, psychoanalysis has shewn that art is 
deeply roote<l in the unconscious depths of the art- 
ist and no one has demonstrated this better than 
Freud himself in his study of Leonardo da Vinci. 

With regard to the value of psychoanalytical 
teaching to criminology, it should be fairly obvious 
that Freud *s concept of the super-ego, ego, and id 
has <ioiic a good deal to elucidate many prolilems 
involved in the mind of the criminal, not to men- 
tion the help this concept has afforded for the 
understanding of the psychology of those who 
«iefend the law. 

On this topic Paul Schihler has coiitribulod 
some interesting reflections with special reference 
to the genesis of the feeling of guilt, a feeling that 
is slowly being recognized as a potent factor in 
the commission of crimes of all sorts. Schilder 
believes that the coercion or intimidation employed 
by parents, nurses, teachers, ami so on, in training 
children to renounce their primitive tendencies, 
/.<*. anal-erotism, pre-genital ami genital activities, 
evoke fear and a sense of guilt that can oidy 
he roliovejl by ])unishmen+, for only by punish- 
ment can the child roc(»ver the love of his parents 
which, through niis<lcmeunour, he has lo.st. 

In the first few years of the life of a child, law 
ami morals are i<lentieal. After the Oedipus coni- 
plex and the super-ego are fully devehiped, 
Schildcr maintains that the child wants to be 
punishe<l not only that it may regain the love 
of the parents, but also in order to be loved 
again by its super-ego. Wliat was primarily the 
rolaliori between the parents and the child is now 
also the relation between the super-ego and the 
ego. Schilder maintains that we cannot under- 
stand this whole development unless wc recognize 
that the parents have built up their own sux)er- 
€go out of perpetual contact with society, and 


that the super-ego of the child is, therefore, also 
the reflection of the attitude of .society. The 
demands of society, of the parents, and of the 
super-ego rnii parallel under ordinary conditions. 
The principles of law and ethics have character- 
i.stics in common in s(» far as they are both 
demands and orders. I>ut the principle of law is 
made secure by an e.xeeutive power, and the law- 
i.iaker not only gives <»rders to the individual but 
also to. the executive organ of the law. Hence 
the feeling of guilt will he especially strong when 
we have acteil against the law and its executive 
powers, but, at the same time, there is a feeling 
of guilt based purely (»n the fear of the super-ego. 
The law punishes only what has be*'n acci*pte<J 
ami made into action by tlie <*go. The inlluenee 
of the siipcr-ego r(‘achcs further, for the super- 
ego is aware not only of oiir conscious; temleii- 
cies hut also of the unconscious ones. In these 
unconscious temlencies there will always he wibi 
ami eriiiiinal instincts to provoke a feeling of 
guilt which itself mav not he con.seioiis. When- 
ever there is an uneonscious feeling of guilt, there 
will also he a <li*sire fi»r punishment, which makes 
the ego and the id lovable to the super-ego and 
the child in us lovable to the parents in us. 
When a child is brought up by parents who have 
no respect for tin* laws of society, when it is 
brought up in a criminal atmosphere, a super- 
ego will bi* developed with (‘I'iminal tcmleneies. 
Of eonrse, the super-ego developed in this way 
may he countered by parts of the .super-ego of 
persons who etmiply with the demands of soeiety. 
A child brought up under a double influence of 
this sort must sulTer in the end with .si>me weak- 
ness in its repression-ims'hanism. A weakness in 
the super-ego .system will often leatl to criminal 
action if the individual is self-confident enough. 
Whether or not a eriminal impulse beeomes a 
criminal action is theref«)re de])endent on the 
Illation between the eriminal instincts and the 
ego. When the criminal instincts obtain the sup- 
port of the ego, then we get, as a result, a eriminal 
action. In view of the above eonsiderations as 
well a.s in view of more that further re.search may 
bring to light, we are at liberty to ask with 
Schilder, arc wc .justified in punishing a criminal .> 
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n*> wc iKit satisfy, with the punishment, his imis- 
ochistii' IciHlonc'ic's? wc* not <lrive him deeper 
into his infantile altitude? Prohahly f<»r some 
time to eoiiie laek ot' a suffieieiiey of aeeurate 
knowletlf^e must mak(‘ tin* <|uestions unanswerable, 
i'inally, psychoanalysis has a lesson for juilffes 
and la W‘i'!ak(*i*s, for it aloin* ean teach them the 
deep similarity l>«*1ween themselves and the erimi- 
nai aij<l so pivveiit them from enact inj;- their own 
eriminal instincts in tin* punishment of the 
criminal. 

We may ciuiclude this short skeleh of Preiid’s 
contribution to human knowle<It»:e and its subse- 
(pient seeping' into a multitmle of human interests 
far removed from its original source, \.e. the 
treatmenl of neui*«»sis, by <‘itin<»: the o])inion of 
one of his most ruthless critics : “There can be 
little (|ueslion that Preiid has done more for the 
a4lvanceiin‘nt of our understainliim- of human 
nature than any other man since Aristotle.*^ 

Glossary 

AFKKCT- Sum of excitation or crnotinn. In Freudian 
literature it generally stands for accentuated emo- 
tional reaction of which the c.ause lies in the un- 
consc.ioiiH; hence even when the ostensible reason 
of tlie emotional excitement disappears the emotion 
ifels attached to some other object and thus perpe- 
tuates itself till tile unconscious is l:iid bare. 

KGO--The coii.seiuus logical self which is subject to the 
instinctive pressure of the IT) and the moral control 


of the SUPER-EGO and is thus an intermediary 
between the two. It deals with the principle of 
reality and therefore recognizes the external world 
of space and time. Even when asleep it maintains 
a censorship over its dreams. 

FREE ASSOCIATION --The Freudian substitute for hyp- 
notism as a means to the exploration of the uncons- 
cious. The subject reclines at ease and narrates 
the IhouKhts as they surge up in his mind, whether 
they are pleasurable or painful, gratifying or em- 
barrassing, and thus unburdens himself of the load 
of repressed memories that cannot be otherwise tap- 
ped. Some of the repressed thoughts come up under 
certain conditions- these are the fore-conscious 
thoughts; others require a special technique and ex- 
ternal aid in order to reach consciousness —these are 
the unconscious memories proper. 

1I> The source of instictive energ>' for the individual and 
forming the congenital equipment of the individual. 
In its racial aspect it is almost synonymous with 
instinct and represents the tendencies with which 
the human race is endowed at birth. It is built up 
of the illogical. mural energies which seek the 
pleasure principle through the EGO and prompts its 
actions. In its personal aspect it represents the 
repre.sscd ideas of the mind and it is the seat of 
libido or sex or love-energy, taking the word in 
its extended connotation. In both aspects it is the 
scat of mental dynamicts and presses the EGO from 
the h'vel of the conscious. 

SUPER-EGO It is partly a racial heritage and partly 
an outcrop of the EGO. It is not wholly accessible 
to the conscious self over which it maintains a kind 
of iritiral control. It is the earliest code of morality 
for the child and in relation to it the EGO develops 
a sense of guilt which it tries to expiate in u variety 
of ways. The EGO not only fights the ID but some 
times also the SUPER-EGO and represses thoughts 
impelled by both. 
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rosonrclios of Dr. T. 

2111(1 his school iindcr the 2ius])ices of llie I ‘.rush 
I'’omi<lalion in the Western Reserve rniversity, 
(Meaveland, Dhi(», h2iv(* led to nniny interestiii}; 
residts on tin* prohliMii of linnian jL>ro\v1h. The 
o|)enin«r ol* such <i liin* of work in jinthropohitry 
is of utmost imp(»rtanee to every et)nnlry and to 
ail nations :ind it is worthwhile to summari/e here 
the main (‘ontrihntions of the 2d)i.Vi‘ fonn kttion 
in this branch of science. 

Wh.it was believed to be only the y:rim fijniri* 
of d(‘Stiny has now been the subject id' the physi- 
cal anthropidoj'ist. Ten yisirs ;i«(» heredity was 
considi*red to be the imiin controllin**- factor (d* 
every human shape and kind. Hut the inherited 
trend is one tiling and the <le«ree (d‘ its expres- 
sion is (piit(‘ anotluu*. Before the studies of nutri- 
tion by the method (d* coidrolled expiu’iments 
opened out the new possibilities (d' healtli, one 
would not believi to what an extent nature 
assists nurture, 'riie fiossibilities <d* preiuital <*are 
have not yet been thorouy:hly explored but from 
the short period <d' fertility in the human female 
we can easily umlerstaiid how cautious is nature. 
The diet and ])ersonal hyj»iene of the expectant 
mother and the cbiim of chibb’cn are the vital 
problems of every society. 

Dr. Boas set the first m.-ister furrow in ji 
poloy;y when he showed that the differences in 
the head form between the parents and their 
foreifTfi born children centre in the face and 
charactize in transverse dimensions. Bawkins 
has shown that iimb'rnourished or malnourishi'd 
children sufl'er more in the j»:rowlh (d* their trans- 
verse than of their loiif^itudinal dimensions am! 
these are seen both in the head and the 
body. The face is extraordinarily .sensitive 
to the growth disturbances. Broadbent’s 
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studies have deiiiunst ratt'd a Mi;i!‘k<*rl mininut ion 
of jrrowth velocity in the dynamir eentres of the 
face in malnourishi‘il iidants. Heilman h;is shown 
that during the tirst tivi* years <if life, growth is 
aetivi* in tlu‘ ant(‘ro-])osterioi‘ and ti'ansv(*r.se 
dimmisions «»f the laci*. whi*rcas the most vigorous 
vertical gn»wth is tibserved after the tilth birth- 
day. Tin* defects of early malnutrition then 
shouhl be sought ft»r in the transversi* and antero- 
postiM'ior facial dinnmsions. 

The h(‘ritabb^ f;n*l(U‘s plainly gui«ie the general 
eour.se (d* growth but the occurrence id’ m;irginal 
('Xamples which are (d’teii found in bimilies 
rejri»sent ing two or three gem*r;it ions are the 
expressions of the intiuisified f.*imily (diiirficters. 
The two aspects of the herediliiry iiroblems in 
such marginal individuals consist firstly in the 
ease with which some bodily fe.atures can be 
('hanged :ind th(‘ stubborm^ss of othiM's in resist- 
ing interfer’(*nce, ;ind sec'ondly in the ever pr(‘S(*rit 
mental defect. ^I’he fii'st theme is well illusti'ated 
in tiybridi/i'ition. Beiii’ose has ri'cerdly sliown 
that the intelligence ipiolient id’ the relatives of 
idiots is higher than that of the relatives (d* 
sirii|>letons. The origin of simple-niind(*dn(‘ss li<*s 
mainly in environmental (‘onditions whereas idiocy 
lies in the primary structural defects of the brain. 
Ikdh the above riMpiire two diverse lines of 
impiiry. The pr(‘senee of simple-mimledm'.ss is 
relative of the conservation of healthy develop- 
mental growth in infancy and in pnmatal period 
wtierejis idiocy is less insistent bec;mse id’ the 
family limitiit ions. (*umulativ(‘ anthropological 
observations show that her(‘iiilary patt(*rns can 
be mo(iifi(M| by conditions of life by which it is 
possibb* to imjirove the physical status of man- 
kind. 

Long ago Sir Arthur Keith subdividi^d growth 
into : — (1) finu'tional, and (2) corporeal concomi- 
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taiits. All ur^aiis must |?row to a certain size 
before it is functionally adequate. 

The followiiif^ are the {frowth observations on 
some of the orf^ans : — 

1. The vestibule definitely reaches the earli- 
e.st fuiKitional maturity. Ft appears shortly before 
the appeii ranee of those mass movements, which 
serve to keep the embryo ])alanced in amniotie 
fluhl. The vesti})ule thus ])eKins to {rrow^ upto the 
time j)f birth. There is no n-rowlh after birth. 

2 . The growth of the olfactory area of the 
nose is greatest before six months after birth. 
liSter in infancy the n‘spiriit«u*y part takes on its 
increased velocity but the olfactory area, func- 
tionally active at birth, displays a very small 
corporeal (Mincomitant. In early <‘hildh(}od the 
middle of the nose bears the burden of respiratory 
<jfro\vfh. In later chihlhood the inferior part un- 
folds and j'rowlli of this area contiinH's to adoles- 
cence a])j)roximately. 

IF. A tooth has no corporeal concomitant but 
is already full jrniwn before the enamel or«ran 
first lays down the mineral in its cusps. 

4. 'riie eyeball reaches the a<lult size at about 
four years. The eyeball is essentially a part of 
the brain and the cerebrum in childhood shows 
that adult confi}>:uration of cerebral pattern is 
reache<l between the a»:es of tVmr and six when the 
braincase is at least four-fifths the adult size. 

r>. IFraincase jp'owlh is characteristic of in- 
fancy and early childhood, and with it the antert>- 
poslerior and transv(‘rse dimensions of the face, 
includin**' the malar arclies also increase. Vertical 
frrowth of the face is maximum in later child- 
hood. V'ertical j>Towth of the jaws between the 
floor the nose and the chin is vigorous at and 
after puberty. 

(i. The sexual <lilTerences in braincase and 
upper face are common in both the sexes. But 
the t>rowth oi the lower face is much fjreater in 
the male than i?i the female. Both in man and 
anthrop(»i!ls the bodily jvrowfli in the female 
practically ceases at puberty, whereas in the male 
it continues for several years. 

/. The final condition of the adult is therefore 


the results of the period of maximum growth for 
each organ or area of the body. Defective upper 
facial growth begins from childhood and inade- 
quate jaw growth from adolescence. 

8. Jialdwdn-Wood has shown that there is an 
yearly increase in stature of boys of about 50 mm. 
from six to thirteen ami a half years. Between 
thirteen and a half to fifteen years the average gain 
is 100 min. in one and a half years. The statistical 
variabilities studied by Dr. Ijerro and Mrs. Wood 
umler long term observations show that the so- 
called variation sets in earlier and finishes later 
than the above limits. The a<lolcscent increased 
velocity of growth in stature is the result not so 
much of the increase in the growth of leg as of the 
enhanced trunk growth. The relatively Jong legs 
anti short trunk of .some people who are not tall 
is tine to the defect tif trunk growth rather than 
fo increase in leg length. Thus maximum velo- 
city in leg length is a funetion of childhood where- 
as maximum vebicity in trunk length is a charac- 
teristic of adolescence. This dilVercnce is clearly 
markctl in achondroi)lastlc tlwarfs, where the 
velocity t)f leg growth is ap])roxima1ely half the 
normal anti thi» growth of trunk is less handi' 
eappetl. 

1). The growth in stature is aeeompanietl by 
pelvic bi'cadth and this takes jilaee in three 
diflerent stages : — (i) Necks of femora; (ii) Iliac 
blatles; (iii) Sacrum. The appearance of mcn- 
slruatioii, however, in m«)st but not all growing 
girls gives a clue 1t> the rc'lation betwetni dimen- 
sitinal increase ami progressive maturation at one 
b'vel of tlevelopmental growth. The rapid growth 
t>l stature is revealed iimre before the menses; 
very little is observed afterwartls. The roent- 
genograms of the grtiwing ends of the bones 
sln)w ti.'‘ replacement ot. a lethargy of progress 
in maturation before by a period of greatly 
invigorated maturation afterwards. This fact is 
known in all growing girls, although it has not 
yet been stated speeifieally in quantitative terms. 

It was the pioneer contribution of Pryor to 
apply the X-ray for the study of growth. This 
X-ray stu«iy has been also applied on the nutri- 
tional deviations by the workers of the Brush 
Foundation. The practicable methods of measur- 
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ing maturation is found amonf? physitsal features. 
This led Orampton and Furfy to investigate the 
external expression of progressive maturity in 
the growth of public hair. The presence of 
sperms in the morning urine of adolescent boys 
and the onset of menses in girls were taken up 
by Baldwin ami others. Pryor began to investi- 
gate the date of bone formation in the cartilages 
of wrist and ankle, and the end pieces of limb 
bones. Scammon took up the growth curve of 
the body in the four systems: bone, brawn, 
breath, and bloo<l being responsible for the skele- 
tal, muscular, respiratory, and circulatory systems 
respectively. The psychological responses claim 
equal attention with the physical read ions. The 
former is inlliieneed by training, experience, 
and physical maturity. It can not ])aralled ])hysical 
progress after six years or less in children, as it 
is more dependent upon adjustment and accept- 
ance of the environment than body function. 

The application of X-ray in the study of 
nutritional deviations by Miss Kiienzel and Dr. 
Todd consist in the roentgcTiograms of the 
stomachs of medical .students. Mach .student was 
given a jueasured <|uatdily of milk, w)io.sc stomach 
was first ascertained by roentgenography to be 
em|>ly. They found “the milk enter the stomach 
but within five minutes the vohime of fluid in 
the organ has been doubled owing to the secre- 
tion of the gastric jiiicM*. * They found the mingled 
milk ami gastric jjiice entering the bowels in 
small <|uantities within two minutes and if the 
milk taken is le.ss tha?i three <uinces the stomach is 
practically em|)ty within tw<'nly minutes. The 
sense of fullne.ss comes not from the milk drunk 
but from the secretion of the gastric juice imluce<l 
by the milk. Duttermilk induces a secretion three 
or four times tlie volume of milk. 

The presence of lime in the bones of the expect- 
ant mothers was also the subject of inquiry by the 
above workers. The modern X-ray equipment 
enables to ascertain the fluctuation of mineral in 
the bones. The requirements of a body, whether 
adult or child, is one gram of calcium |)er day, 
Approximately the amount contained in one (juart 
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of milk. The foetus at the sixth month contains 
about five grams of calcium but at birth the baby’s 
body contains IlO gins of this mineral. Thus an 
expectant mother needs 7 (piarts of milk a week 
for herself and 2 ipiarts for her baby. If she 
does not get this amount she withdraws from her 
accumulated stores. This fluctuation of lime can 
be observed roentgenograiihically. After the 
baby is born the mother’s bones continue to show^ 
the depletion of lime reserve for the lime is going 
to the milk. The depletion of lime reserve is also 
seen in the mother, who is not nursing the baby, 
as although she is not producing the end jinxluct, 
the milk, the constituents of milk are eliminate<l 
from the system. 

Roentgenography lias also hel])ed in observing 
the great(‘r incidence of tuberi'ulosis among adole.s- 
cenf girls in America, as they are afraid of milk 
le.st their confoui’s be not of Hollywood stamlarils. 
I^reviously nutritional <1eviations were only 
thimght of in terms of weight ami although weight 
is inseparable from the theme of nutrition- qiarti' 
cularly in the case of the adult.s — roentgenogra|)hy 
is of very material assistance in flu* determina- 
tion of ad(M|uate nutrition in childnm. 

Thus physical anfhropohigy can be transf(»rmed 
from a .static study of structural form into a 
kinetic* study of structural jirogre.ss. The struc- 
tural progress has its utility in the ai)plieatiori 
to eugenics as it gives a dt'tailed insight into the 
characferistics of family lines and the develoiimenf 
of marginal itidividuals. Th<‘ anthropologists’ 
researehes throw light on tlie vagaries of emotion, 
on problems of social adjustment, on failure in 
promotii)ns anri a ho.st of other problems of the 
ehiblren betwi'cn the ages of four and six. 
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"riir: liisl wnrM wiii*, vvhilt* it (l(‘stn>yc«l tlum- 
s;irnls (»r piu'cious lives .mikI put nut nt* use tor* 
ever :i(‘res nt' iiiv;ilu;ii)U' l.iiuls l>ntii a^rieultural 
atui syivieiiltural, it did niie ^reat tiling and that 
was In yive a stimulus to researeh in every 
hraneh nt* s<*ien<*e. Amnnjjst the seienees whieh 
assumed {•reater impnrtanee durinj; the war were 
the ehemieal and ayrimiltural. While the neeessity 
nf en('nura'*inL»: the jirnwfh nf the t'nrmer arnse 
merely t*nr the s|jeedy amiihilalinn rif the 
enemy, the treater j'-rnwth nf the latter 
arnse frum the dire neeessity of supplying 
one’s own men with Milifieieni I'nnd. As 
the war drayuc'd nn, trreat<‘r ami jrreater 
shortage »)!’ I'nmi was I'elt. This I'nreed every 
nation to enruMMitrate its elTnrts on prnduein^ mnn* 
«»t* the food stulT. For example, lafids that were 
formerly unprnduetive were brnu«:ht into use by 
seientilie means; those that produeed one blade 
«»i* j?:rass torinerly were made to yiebl two. Tn 
short, plants bej»an to be studi(*<l more intensely in 
relation to their environment, in <»1her words, the 
world war j^ave stimulus to the youiifi: seienee of 
plant eeohiffy. 

This impetus that the stu<iy of plant eeidojry 
reeeive<l during the war did not end with it. On 
the eontrary the intere.st that it ereated j^rew 
with surprisinjf rapidity whieh developed within 
a. eomparatively short time into tlie mo«lern seienee 
ealb'd Plant S(iriala<fif <»r Phiflosticittloff if. 

The term Pht/tosorinlof/if^ now urbani/e<i into 
Plant S<»eioh»f»:y, was eoiiie<i l)y Krylov and 
Pae/.oski as early as The term it. self (not 

the point of view, the material ami the .seientifie 
struetures sijrnified by these) has been objeeted 
to on linguist ie and etymolof^ieal jrrounds. In 
spile of thi.s, it lias reailily bec'onie internationally 
aeeepted beeause it is at <inee expressive and 
di re(*1 ly understandable. 


\ow plant .soeioloj^y is the seienee of ^roupin^ 
plants into a.ssoeiations, etmimunities <ir soeieties 
and tindin*; out the laws that ‘fovern these 
.soeieties. 

’rimujfh the Third International liotanieal 
(‘oiifjress of iniO defiiUMl an a.ssoeiation as a plant 
eommunity of ihdinite htiristie eomyiosition the 
wide ditTm-enee of opinion evident at the Fifth 
International Ihitanieal Oonjiress at Oambritlfie, 
lOdtl. sliows how the iirobbrnis of individualixin^', 
markiiiy’ out. and delimit in«»- any plant assoeiatiop^ 
from the eomplexities of the eomposite mosaie of. 
vejfetation are (pu'stions of ileeper analysis and 
thoiio-ht. 

A ji:iven plant a.ssoeiation may <K*eur in mapy 
loealitii's but it was found that it exists usually 
in only ;i tifftical, icrll tlejinvtl ami t'calotficalltf 
charaxicristic hahitaL This led on to the lonjr eon- 
tinued efforts towards delimit inj»‘ and sharply 
detininjr eaeh eharaeteristie habitat, whieh may 
enable us to arrive at a elassifieation of plant 
a.s.soeiations. This objeet was not realized due to 
various eau.ses. 

The more sharply it was stiuyht to delimit the 
meaninj: of the habitat, the more eompliealed and 
involved it beeame. Duo to various ami variable 
external faetors and their possible manifold eoiii- 
bination.s, a eb*ar and une«piivoeal definitioii of 
habitats appeared (|uite unattainable. On aecoiint 
of this diftieulty, it beeame more and more neee.s- 
sary, in i..vestif 4 atinf; tlie plant eommuiiities, to 
deal fiireetly with the veH:etation itself. And we 
have now realized that the starting point of the 
study of vegetation sliould have been the natural 
Kroupiny: of plants. Therefore, temporarily if*:iior- 
injr the habitat, the lloristie individuality of the 
plant eommuiiities is soujihi to be recoffnized and 
ilefined. 

The exaet lloristie analysis of the individual 
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cainmiiiiilies ot* vef^etation leads to the synthesis of 
plant eonnnunitities. This analysis and synthesis 
affonl the basis for eoneliisions retrardinpr the eoni- 
binations of speeies, the nnnierieal relations of the 
individual spoeios, and the sijjfnifieanee of eaeh 
speeies in the orij>:in, development, maiiiteiianee, 
and decline of plant eommunities and especially 
of the fundamental units of veyt'tation, viz., the 
ttssoriaiions. Thus the primary lash of the plant 
so(*ioloy;ist is to define and delimit the plant 
associations of a region. 

Any attempt at the valuation of a type in 
terms of actual combinations <»f si)ecics in nature 
would, therefore, result in a chaotic splittirifr up 
of vegetation as wonld be ])resenfed to us in every 
(juarter of a square meter of a. meadow community, 
(^ur task would thus become impossible for the 
purposes of scientific jAeiun-alizatiiin. What is 
necessary, tln’refore, is to institute comparisons 
between the various bits of vef^etation, eombine 
these bits of vegetation with similar floristic com- 
binations int<» abstract types which may be called 
assorialions. Separate pieces may be calleci imli- 
vuhials or fijramfilrs of the association or, more 
simply, staiuh. 

It will be very evident that the trreater the 
number of slanth are investijfated, the more ade- 
(|uate and reliable will be the resulting picture 
of the association. And fn)m such (rather more 
than less perfect') ajjreement in the fioristic com- 
position of these stands, the unibirmity of the 
association and the ranj^e of its variation could 
be derived in terms of jrreater and jrreatcT accu- 
racy. In this way an association more ami more 
indicates the characteristics common to the 
individuals that make it, and is like all scientific 
catefjories a fjroii]) com*ept meant to deepen the 
meanin{<: of inter-relations between individuals, 
and therefore, not merely of itself but of the 
whole phenomenon under investigation. In this 
particular case, let us remind ourselves, vetjeiation 
forms the phenomenon under i n vest if^at ion. 

For the actual delimitation of a plant associa- 
tion in the field the method adopted is of iiotiri^^ 


<lown the names of all the individual species found 
on a homogeneous piece of "round of a (hTinite 
size. In actual practice a cord square (1 sq. m. or 
more accordiiif»‘ to the type of association) is laid 
on the ^n-ouml and then the names of all the 
species within the area are note<l with numt'rical 
values attaelied to eaeh s])eeies. Ti» "ive an exaid 
picture of a i)i<‘ce of vegetation, mere mention of 
a list of species found in a particular area does 
not sullico. Kor example, a plot may have three 
man^o tret's and ti thousand shoots of "tviss but 
the three trees will far outtlo the thousand sln»ots 
tif «:rass in controlling the situation by their den.se. 
shade. Hence, formerly. lM>tanists vajruely used 
the terms connmtn, rare, abundant, or scarce, lint 
it was telt as time passed that ii more exact and 
accurate system was needtsl to indicate the amount 
of caverintf or dominance of a plant species. 
Hence, to-day various scales are in use, and we 
"ive below the one framed by the /iirish-Monl.- 
t)eHier School of Kcolonfists, which is the one 
f?eftinf»- most recoynition in difl'erent (snintries: 

■^1— if llu* covcrifij* is vciy fre]»Ic. 

2 if the Species covers from 1/20 to \/\ of Uic .-ire.-i. 

. » 1/4 U) 1/2 

» .. M „ „ 1/2 to V4 

•* M M more than 3/4 „ „ „ 

-| — if only one spoeinien is fouinl of a speeies. 


ITable 


tn 

P. 

P6 

;lneh nation iS: Kxpr).sitiun 2',i‘' .\. 
;Altit!ule in in. s. 1. 30S 

ij® SI*;. 
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1 Narcissus diibiiis 
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* Por details ef. Vacabulanj of Plant Sociology by J. 
Ilraiin-Hl.'incpicland J. I'avillard. Trans, by 1'. R. liharncha, 
Cambridge, 1'#30. 

t This i.s a very small part of Table 9 from Etude 
Kcologiqne et PhytosociologiquH de V association a Bra- 
chypodium ramoHum ut Phlomis lychnitis des garigues 
languedocienru 8 par 1'. R. Uliarueha, lieihefie Zuin Hot. 
Ccntralblatt, Ud. b., 1933. 
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Rut thf iriilicatiun of the* (lomiiiaiK^e of a 
specie's does not sullliee, for a plani may be donii- 
riant ami yet may not be a!)le to influence nnieh 
tlie other plants in its vicinity. Such a ease 
occurs when a elominant plant is not evenly <iis- 
tribute<i. Hence the cofieept of sociability or 
afjfjrcssivvncss of a species was intiMMluced. It is also 
imiicated, as dominance^ by a scale Irom I to 5. 
The aecoiiipanyiim specimen table shows the 
method of indieatinjr the dnminanvr ami sociability 
of a spi'cies. 

To ffive a still clearer picture of a piece of 
vejjetation further « let ails are nece.ssary. Hence 
many m*w concepts have beerj introduced into the 
study of plant sociology, vi/.. of Fidelity, Cmi- 
slancy. Const ructivc and nrstnirlivc species, 
('h/imcleristic species of an asso<‘iat ion, <*tc. As it 
is not possible to treat in this paper all the above 
ni(‘ntioned eonc^-pts a few of the most im(iortant 
ones mdy will be explained here (for d<*lails 
ef. Plant Socioloffy by .1. Rraun-Rlamiuet, 

Then* are certain spe<Mes whi<*h seem to be 
exclusively confined to an association. These are 
called the characteristic species of that particular 
asstu'iatioii. This eoneejd is not universally recojf- 
ni/ed. 'I’hese speeit-s may be (*ompared to fossils 
of a ‘it'olo^iieal period. 

.Ajraifi, tliere are species which <*laim special 
attention on account «>f tiu'ir const rnvtivc and 
destrncth'c habits. *The dune ]>lanl Ammophila 
arena ria is a classic t'xa tuple of the constructive 
type. This <;rass after ‘'crminatiFJj; in the movintj 
samI spreads itself rapitlly by its rliizomes ami 
fixes the movitm' .sand flunes. It thus creates a 
suitable habitat for the other plants to live in 
and for the subsetpuuit establishment, of an associa- 
tion. rmlm* the shade of Ammophila other 
shrubs 'germinate, especially the species, Crucia- 
nella anyiistifolia, which tilially by its f^rowth 
overpowers and th'stroys the former. Crucianelbi 
is furthermore an example of a destructive type. 

JiLst as the dominance and sociability of u 

* importance pratique de la Sociologie vegetal* 

par J. Bratin-lUanquet. 8. I. (.r. M. Nu..4. 


species of nn association arc indicated by R^ures, 
so also the constructive and destructive characters 
of a species are indicated by particuler sijjfiis: 
Thus a table ilerivetl in the above way reflects a 
true picture of that piece of ve{?etation. 

Pinally, a few words may be said rep:ardin{< 
the utility and practical importance of the study 
of Plant Sociology. It has two principal aims : 

(1) Static, to show the value of an association 
as an indicator of certain ecological characters; 

(2) Dynamic, a1taine<l when it would be possible 
to foresee the changes of vegetal ion brought alxuit 
cither by a natural afjency or some artificial 
interventit)!) of men or animals. 

( 1 ) Static view-point of plant associations : 
Rotanists and naturalists are already familiar with 
the i<l4‘a that certain plants indicate certain soil 
«>r climatic ccoiditions. IA>r example, the preseiFce 
of the Chesnut tree indi('atcs a soil poor in (''a(’0:j 
and the presence of Schornns nigricans indicates 
a .soil Hell in (*atM>.,. Or aj.'ain, e«‘rtain plants 
imiif'ate the thermi<‘ conditions, vi/.., the Ifejr 
aqnifoiinm is not to be found in countries where 
tlu‘ maximum winter teiiipt'ralure remains for 
mon* than twenty days below zero. Such (‘xam- 
ples 4)f plants as indicators can be multi])ii(‘d in- 
<lefinitely. Rut 4*xperience lias shown that plant 
as.sociations can be emphiyed as indicators of 
eeoloj^ical eomlitions with mm*h jrreater ailvaiitaj?** 
than only individual ptants as I'ileil above. This 
is particularly .so in a new country where iiroblenis 
f»r alVorestaf ion or of agriculture are to be .solved. 
One or two examples cho.sen at ramlom will suffice 
to fU’ove tin' i mporta iitM' of the association as an 
indicator of eeolojrical conditions. In tin* south 
of Franei* tln're are two im]>ortant plant associa- 
tions : (ri) Associatifin of frulicosum 
found on eoi'cne, impermeable, clayish s<iil ; {b) 
As.sociation of Prachy podium ramosum and 
Phlomis lychnitis found on jurassic, v<*ry perme- 
able, calcareous rock. *Ry experiment it was 
found that water filters fiOl) times (|uicker throuffh 
Hie second soil than through the first per unit 

* L'eau et I'air dii sol dans Vasaoeiation a Dee- 
ehampsia media et Prunella hyssopifolia par J. Braiin- 
Blanquet et B. Pawlow.ski S. I. (k M. A. No. 10. 
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voluint^ Those two nssoeiationK, with 

(luite the opposite soil eoiidilions, help us in the 
poliey of afforestation of the region. Observations 
have i)roved that Pines, Pinus halepensia, succeed 
only on the iinpernieable moist soil of the Lilho- 
spermum fruiicosum association, whereas the (Sreeii 
Oaks, Qurrcus ilejt, rot^enerate easily on the 
second type of soil. Yet this lack of necessary 
kiiowledtre on the part of the foresters led to 
<lisastrous results in the reforestation of the 
permeable soil with Pines. 

In the (Vvennes similar failures have been 
rej^istere<l durinj^ ex])erim<'nts in afforestation. 
Poresters there have tried their best to plant 
successively on the top of the mountains I^ines 
and ljai*ix, but have totally raile<l. and the cause 
of the failure lhouf»:h ai)paront was not perceived 
by them. Tin* association that is to be found on 
the top of these mountains indiivites conditions 
hostile to the development of trees. Plants foumi 
in this association, siudi as racrinium utliffinoxiim, 
Jitncus trifidiis, indicate very rij»:orous conditions 
arisinj*- from effect of dry wimis. Tin* presence of 
the latter ])lant is a sure siyn <d‘ conditions totally 
hostile to the development a ml jjrowth <d’ trees. 

( 2 ) Dynamic or genetic view-point of plant 
associations : 

-\ plant as.sociation does not remain stable. 
It changes in the course of time till it attains a 
sta^e which is in iierfeet equilibrium with the 
soil and climatic conditions. This final sta^e is 


called the Climatic Climajr. Vej!:etation in the 
course of its evolution ffoes throufirh many stages 
and the process is called succcsxion. Thus the 
(ireen Oak forests which once covered the southern 
coast of France represented the Climatic Climaj' 
sta^je of the re^yion. To-day the bare heath lands 
(}?ari{?ues) have replaci*<l these forests. The tpies- 
lion as to what tree should be employeil to reforest 
this reu:ion has baflleil many foresters, and as 
above stated, millions of francs havt* been wasted 
in experiments in planting the Pine i Pinus halc- 
pensis) insteail of the Oreen Oak {(^nervus ilcj') 
which was and is to-day the (dimat ie climax of 
the rejrion (t.c. Phariieha). 

Lastly the example of the Swiss National Park 
may lx* y:iven here to illustrate the importance of 
the dynamic stmly td‘ v(‘K(‘tat itui. Since ItHtl (dose 
ob.servations by means of permanent (piadrats and 
otherwise have been kept on the forests of l^inus 
;::nntfina. It is found that on the floor (d‘ these 
forests the si*edlinj»:s of Pinas cvmhrn lloiirish best. 
I'lider o!U‘ old Pinus mtwtaua no less than .‘12 s(‘(*d- 
linj;s of the Pinus ermhra W(‘re found Itoiirishin^, 
rany:inj*: in heijidit from 10 cm. to r» m. These 
observations prove (Muudusivtdy that the Ciima.r 
cofumuuitjf (d* the region is not tin* ])r(*sent Pinus 
mnntnna forest hut rather the Pinus vrmhrn-l.anx 
forest. 

Thus ve»:(*talion studied, both from the static 
and dynamic points (O’ view, will ludp to clear 
many com])lex economic problems of awrieult ure 
and sylviculture. The study of |)lant sociolofry 
helps especially when a totally new area (d’ land 
is to be broutxht under cultivation. 
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It is wrll Uii()\v?i tn i*v(*ry medical iiinn that 
tin* tiMulcni physics is fiiHliti^ iiion* aiul more ap- 
plication Tor the cure of iinmati diseases. Kvery 
hotly is aware t»r the use ti!' Hoenlj^-cii rays and 
radium in tin' dia^^iiosis (d' iidernal tlisorder and 
in the treat imwit of malignant diseases like eaneer. 
As <*arly as lOOo an Int(*rnationaI ('on«:ress of 
Workers in Pliysi<*al Metiicine was orjianizetl and 
held in liicj*:e. Several such coriHresses were sue- 
eessively liehl in Ittmie, T*aris, ami Herlin, anti then 
it nMiiaineil in alieyantM* I'tir a loim*' time tiurin^ 
and after tin* War. In recent years ])hysics is fintl- 
in«- inereasinuly jrreater use hy the iiietlieal men. 
hi fact the applic'ation is increasinj^ at such a rate 
that the ])hysieal metiicine has developed into 
several tlifTerent hranehes. A central auth<»rity to 
eo-ortlinate all hraiielies of physical medicine was 
felt neetled. As a result the Sixth International 
Congress of Physical Metiicine was orj^anized 
and hehl in Lt)n<]on from May l!2th to Ifith untler 
the chairmanship of Sir \l. S. Woods, m.d.. f.h.c.f. 

The (Vuifrress was attendetl hy tlelef^ates from 
twenty tiitferent PiUropean countries. United 
Stales of America, ami some South Afiierican 
States. 

The Coiif^rcss arranf^ed a very interest inj^ pro- 
fframme under the followinti: sections : — 

1. Physical Kdiication. 

2. Kinesi therapy — Science of the mtiveiiient in 

its connection with physical education, 
hyfricnc, and therapy. 

•i. Ilytlrollierapy and Plimatotherapy— treat- 
ment hy means of liot hath, brine hath, 
mud hath, etc. ami hy means of artificial 
atmospheric condit ions. 

4. Klcclrotherapy — treatment hy means of 
(lalvanie, Karadic, hiph frequency (Dia- 


thermy) currents, short waves, and hiph 
Iretpiency inductive currents. 

5. Actiiiothcrapy— treatment hy means of lipht, 
ultra-viidet and infra-red rays, 
fi. Kadiotherapy- -treatment hy means of X- 
rays, radium rays, and cathode rays. 

Ill each se(*tion a larpe nnmher (»f papers were 
read hy competent experts and diseussed hy the 
memlH*rK present. Hesidcs, an exhibition was 
arranped .showinp the latest types of apparatus 
used in ])hysieal medicine. 

The first day of the (Vuipress was devoted to 
the address(‘s and papers of peneral eharaeter. Tn 
the operiinp ceremony, an adilress by the ITon. 
Presi<ieiit, Lord Ilorder, who was unfortunately 
attemliiip another me<lieal meetinp in America, 
was read by the Hon. Secretary. In this address 
importance ami claims of systematic pliysical 
edneation was urpe<l. He stronply advocated 
certain criteria which must be a])plie«I to the 
rapidly extcmlinp praetiee of physiotherapy. The 
first criterion was that the various methods and 
forms of toehniqiic employed in physical medicine 
should be hroiip’.t and kept under scientific 
control. This coiiltl only be achieved if a close 
relation was maintained between the physio- 
therapist and the physicist. A second criterion for 
.success was a constant realization by the physio- 
therapist that his approach must be a clinical one. 
A third criterion was a strict conformity with 
accepted patholopy. The fourth criterion was a 
liberal association of all workers in this particular 
field. Free discussion, criticism, and publicatJon 
were c^ssenfinl to success. 

I rofessor \V. T. Aslbury, then, pave an address 
on “New Ideas from X-Kay Analysis on the 
Molicular Structure and Properties of the Pro- 
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tt‘ins.*’ He said that study by X-Kay didTrac- 
tioii methods was now possible of the neliial 
form and siereoehemieal ehan«»Ts of many imjiort- 
aiit prolein structures and in particular those 
fibrous iiroteins which play such a predominant 
role in the frame-work of livinj*; things. A jrreat 
eoiitribiilion of physics to medicine is that they 
had been able in the laboratory to transform crys- 
talline proteins to fibrous proteins. 

In the afternoon Lord Dawson of IVnn jrave 
an address on “ Physical K<incation”. He jrave a 
brief history of physical education from its early 
days. He said that physical eilncation beloiif^cd 
to sciiool hours and panics belonged to the 110111*8 
of recreation. If e<lnca1ion were needc<l to fjet 
the best out of one’s mind, it was unreasonable 
to expect that it was not equally needed to make 
the best of one’s botly. He then stressed on the 
needs of trainiim' collej^es and trained teachers so 
that physical education mif»ht avoiil failure by 
bcin«»' in the hands of the untraine<l. 

The I'cmainin^ three <lays were mainly dcvote<l 
to scientific papers in dilTcrent sectitins. In the 
section of Physical Kducation many demonstra- 
tions were driven by .tiroutis of pupils of ditferent 
a^ri-s illustrative «d’ pro»-ressive traininjr with ex- 
planatory interpolation. In tlie se<*tioii of 
Kinesitherapy, Hydrotherapy, ami Plimatotherapy, 
apart from scientific papers, visits were arran«:ed 
to <lifVerents hospitals specializing: in these bran- 
ches where actual applications could be seen. 

In the section of Klectrollierapy, which was 
most larji:cly attended, many interesting; papers 
were reail on the application of short waves for 
internal treatmeiil of various <liseases. The prin- 
ciple i>f this method is that extremely short electro- 
maj^netie waves of leimths below 12 cm. are 
y:enerated by means of Valve Oscillator, ami when 
a part of the human body is subjecteil to lhe.se 
waves it is hcafetl. Hy proper manipulation of 
the electrode and the ])art of the body, the heat 
can be localized. \ very }>:ood discript ion of the 
teehni(|ue of the apparatus and a report on its 
use is friveii by Dr. Krwin Schliephake (Oermany) 


in his Short IVave Thcraptf translated by Dr. K. 
Kin*; Drown and published by the .\ctinic Dress, 
lioiidon. A similar book has also been written by 
Dr. K. \Veis.senber^, Vienna, Austria. Dr. 
Schiiephake. ami Dr. Wei.ssenber*;’, and .several 
experts from Krance and America read papers 
and joined the discu.ssion. 

The new .school of workers in this line say 
that the short waves, apart fr*>m bein**- an aj;ent 
for heat in*; thniimh ami thr«ui};h the diseased 
portion of the body, definitely have some specilic 
elTects. They say that they have cured certain dis- 
ea.scs by applyin*; these short waves with very 
little cner};y of about one watt, which cannot. 
prodm‘e any heat to raise the temperature of the 
diseased part. Dut the old school still maintains 
that it is the i;encration of internal heat that jilays 
the iiart of curin** the disease. 

Some very interi'stin*'' ]iai)ers wiTC read by 
Amerii*an experts on fever 1hera])y. ^lany di.s- 
ea.ses can be automat ieally cure*l if the tempera- 
ture of the whole body can be rai.sed to a <'crtain 
hi^li temperature. Illustrations with lantern 
slides were shown how hy means of short waves 
ami closed chambers the temperature of the wlmlo 
bmly can be raised ami disease cured. 

Kxhibilion Section 

The outstandinj; feature in the exhibition hall 
was short-wave apparatus «»f various capacities 
1.000 watts to 200 watts shown by various firms of 
manufacturers. These machines can be plu^r^ed to 
any ordinary house electric supiily. .\ ilitTerent 
form of this apparatus of a portable f«>rm was 
place<l <ui the market by an American tirm. They 
make use of the ])rinci])le of induction furnace. 
A hijrh-frequeiicy current {•enerateil fnmi a three 
electrode valve is pas.sed throinrh a pan cake coil. 
When this coil is placed over any part of the 
human body it j;enerates heat by eddy currents. 

Dr. .\. van Wijk of Phillip’s (Jlow Lamp 
Work.s, Kimioven, lloll.'ind, exhibited hiyh pre.s- 
sure <|uartz men*ury lamp. The pre.ssure of the 
mercury vapour is s*» •ireaf that the sfieidnim no 
lon«;er consists of discrete lines, but is continu- 
ous. His i)bjcct is to ])lace tm the markc‘1 a soiin'c 
of li*;!!! which will be continuous like sunlight and 
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rjiii l)(* iisod ill ])laL*o of the sun. The power con- 
sumption was extremely small, eonsi<lerin}< the 
hif*:h luminosity. Many new kinds of shock-proof 
l)ortal>le X-ray sets were <lemonstrated. These 
can lie carrie<l hy one man in a leather Imjc to 
any ])aticnl’s house amt ])lujT^e«l to 220 volts 
mains. Thus the patient can fjet the henefits of 
X-rays without ^oin^^ to the hospital. 

Demonstration was «fiven on Klectr(»line Refri- 
f^erator which was (»ri}*inally invented in Sweden 
--(.vi'c Saha ami Srivastava- -VVcfl/iAc an //*•«/, pajre 
281). Ihit this is placed on the market by a 
ISritish firm. If has no movable parts, but can be 
operated by a jias burner or a spirit lamp, and the 
working: expenses comiiare very favourably with 
the refrifrerator driven by electricity. (Auisideriiif' 
the fact that the price of electricity is 5 or 6 
times as comparetl with Kuropean countries, this 
rofrijTcrator should have larj^e sale in India. 

Sinusoidal sets were shown which work from 
the A.c. mains, eop])er oxiile (Metal) rectifiers 
beiii}? made use of for rectification. 

The above short account of the International 
(‘onjfress of Physical Medicine shows how back- 
ward we are in India, in the application of these 
new metlnuls in physics for curative purposes. 
Very few medical collej?cs in India have frot a 
competent physicist who can advise them in the 
use of the apparatus at their disposal. Averaffe 
medical men j^eneraliy fro by the rule of thumb. 
The few collcfrcs which have jrot radium store it in 


a form so that it is available only to those who can 
come to the hospital. There is no arrangement 
for the preparation of radon tubes and lendinu: 
them to outside practitioners. In most of the 
ho.s])itals in Europe where X-ray therapy is ad- 
mini.stered, competent physicists are employed for 
periodic inspection of X-ray plants, for re^ulatin^ 
and ealibratinfr the X-ray output and ascertain- 
in*? their penetralin*; power. It is desirable that 
every medical collcffe .should have competent and 
trained physicists, ami universities shouhl have 
chairs of bio-physies as insisted by J)r. Frank 
llowitt (Lomlon) while ])residinfr at the general 
iiiec'tin.if of all sections and openiiifr a discussion 
on “Teachin**- and ( >r)^anization of Physical Medi- 
cine in Universities and IIos])itals.” He said : 
“Whereas treatment niij^ht «:ive relief beyond the 
.scope of other sciences, their incorrect selection or 
improper application miffht brinjr damafres and 
disaster beyond repair. Physiotherapy must be 
broufjht into line with all other specialities as an 
intc«:ral part of clinical medicine. As a corollary 
to its comi)ulsory teachinji: in the hospital curri- 
culum, they .should pre.ss for the inclusion of 
questions on physical medicine in both “pass** 
and hi«:her dep:rees. There was a j^reat need for 
the institution of a chair of bio-physics in the 
universities. This woubl facilitate re.search, 
advice, and technical a.ssi.stance, and there would 
be an authoritative body available to investi- 
Ijate the merits of new apparatus and discoveries. 
Moreover, discreditable claims eoubl be crushed 
at their inception.*’ 
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People and Castes of Bengal 

Bhupendra Nath Dutta 


OwiXG to tlio luck of projKM' ixTspectivo of the 
Indian history it is tin* Konoral ini|)r<‘ssion that 
fJonjral had been an unknown eonntry in the r^arliest 
period of so-ealled Aryan civili/ation. I hit a proper 
knowledge! of the Sanskrit literature* tells ns that 
Bengal is an old cemntry anel was not iinkimwn 
to the Vedic peo])h*. The* ///e; Vttln Stnnhita spoaks 
of the eastern sea IX. Dhi-o). The name «»f Piindni 
is mentioned in the AUcvvyn-Umhimnm (VII. ti) and 
of Vaiiga in the Aiteirijn Ainuninhi (11. l.l) of the 
Vedas. From the»s<*, it is evident that Bengal was 
known to the Vedie people, and her pe'ojile were 
coiitenipe)rane*ons with the* same. 

It is in post-V(*die* iierieiel that Bengal began te) 
be elearly noticed in the* Sanskrit liienitnre. We 
do not kneiw the ora whe*n Ihe* fonnd(*r eif 
school of phileisophy, tlic sage Kapila, feiiineh'el his 
asramn in Ih*iigal anel, aeeoreling to mythology, des- 
troyed 60,000 sons of Sagara. The date must have 
been anterior to the post-V(*dic perieMl. Bat aftt»r 
the. end of the Vcdic period, we find it is inentieined 
in the* Jaina annals that Mahabir Vardhamana prea- 
ehe*d his religion in Karh /, c. We\st-Bengal. Still 
later in the time of AlexanelePs invasion, the Greek 
writ(*rs nif'iitiem the name* of the Gtimjnnfhte^^ wlu) 
elwelt on the banks of the lowe*r eoiirse of the 
(binges. Afterwards, Bengal beeaine a part of the 
Manrya Kinpire*, as attest e*d by the reee*nt diseoveny 
of a e-opper-plate* at Baharpnr in Bogra. The* same 
nl.'ite“ also speaks of the Sain-Vangias who were 
Vratya-Kshatriyas like the* Liechabbis and, like* 
the*in, live*d iinileT an oligjirehieal feirm e)f repnblie. 

All the'se te.'stify that. ])eople of Bengal, along with 
the* other prnchyd p‘astern) peMijih's, eliel ne»t take 
kinelly to Ve*die saee*relotalisni. This is att<’steel by 

\. Ivdia 

2. Vide K. P. jayasw.'il’s Prcsiiloiilial s])eecli at Intliaii 
OricMital Congress hcM in Itaro.la. 


tlic pe»nane*es pr(*s(.*ribed in tin* post-Veslie age? 
(eirea 401)- “>00 ii.c.) by Hanelhayana (I-i. .TJ,3U) fe»r the. 
Vedie* Jh‘ahmans who visiteel Pnnelra, Vanga, and 
e»ther eoiintrie*s. IMiii.s, it is e*lear that ]k*ngal along 
with e)ther parts of Kasterii Iiielia was the seat of 
he*tt*roeh)xy. On this ace*oiint, e>rtlioeh»x Brahma- 
nism, /. e. Vdniiisriitnn-polllij, neve*r (o«ik roots in 
B(*ngal in aiudesit times ; heni*e we* finel .JainUni, 
Biiehlhi.sm with its various ramiHeat ions^, besides 
either lieteTeidox seH*ts, Honrishing in lk*ngal in pre- 
MohameHlan flays. 

As re‘gaifls the raeial alHnity eif the pe*oplo eif 
Bengal with the Ve*flie ]>e'opIe eif the Biinjab and 
the ii]i]i(*r Gange!tic valley, we have? no date? in onr 
hands to say anything about it. But we know that as, 
aeeonling to )ihiloh 3 gists, the Be*ngah*e language* 
is arelhamagadhi, and its eivilization iiad bo(*ii Indei- 
.\ryan, Jk‘iigal has be.*(Mi from time imme*inorial a 
part of the Inehi-Aryan cultural e*ire*le*. Stre*ams of 
immigrants' from the Punjab and the nppe*r Gange*tie 
valley have been e’oming to the lower Gange.*tie land 
bringing the*ir language and institutions along with 
ihe*m and sf»ttling in the provinee. As a re*snlt, Bengal, 

1. N. N. Vtviw -The Modern Buddhiam and its follousrs 
in Orissa — lntn>«liiction by II. P. Sruslri. 

2. Rajanik.'inta Cliakravarty— G’tf Mr«r Itihasa pt. I. Cb. 

V. quotw from the Sanskrit text of Dhriivananda Misra 
that the Siir ilynasly of Bengal came from Haraila (modern 
Daratlistan) country. This dynasty riilcil in \Ve.st Bengal 
in the leith century A. n. It w.as a Brahmanical ilynasty, 
though Mann has cited the Dards as Vratyas \vh*> not see- 
ing the Brahman.s have become degratUMj t*i Siidnihood 
(10. 44), yet the Bralimaiia accepted this family as an 
orthotiox Kshatriya one. And perb.ips the iiiytb about 
Ailisur who is alleged to b.ave iinportcit the Vedic Brahmans 
in Beng.nl has centered around this family. The V.nrmaii 
dynasty ruling in ICast Bengal about the same time hailei! 
from the West Piinj.nb (ride R. I). Bancrjee: Banytur 
Jtihaan, Pt. I.) The Cliainlra jlynasly also ruling in j*:ast 
Bengal evine from Beliai (ride N. (1. .Ma/umdar "Ineerip- 
tione of Bengal, Vol. III.) The .Senas «'ame from Karnataka 
(South India*!, rldr — N. (i. Ma/nmdar. Vol. 1 1 1 . Many 

castes tiace their origin from tin- North and West India, 
as well as sr)mc castes from ( M issa. .\gain many families 
ir.nei* their ilesceiit from Sonlli India. 
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otli(‘r portions of Nortln'm Tiidiii, is an into^ral 
part of Arvavarta. It is inrliidfd in Mann’s dotiiii- 
t ion of Arvavarta, as lir> said, “The vomit ry sitiiatvcl 
in tin* c*ast l»y tin* sva, in tlu* west by tliv sva, in the 
north l»y tin* ITiinalayas and in the south by the 
Viiidyas, is vallvd Aryavarla by the Ivarned” (2. 22). 
A^rain, tin* fh*ahnian minist(*r of the Varinan Rajas 
of Kast Ih-njral, Hhavadeva Tihatta, jxloried in tin* 10th 
C(‘ntnry A. D. that his nativ(? villajre at Rarh was a 
part of Aryavarta^ 

'Fo know fiirtlier about tin* ravial allinities of the 
inhabitants of Renjral, we will have to take the help of 
]>hysieal anthropology. Soinatoloirical test is tin* final 
test of raeial id(‘nlity, lienee we will have take the 
hi'lp of arithroponietry in this matter. As the people 
of neniral spe.ak an Aryan lanjriiajxe, we will have to 
einjiiire tirst about the original earners of this 
lan^iia^f* in fiidia. Tin* a<‘en‘dite<l homeland of the 
original Aryan rn* rndo-Knrop(*an-speakinyf peoph> 
of India is the lainl of live rivers and the valley of 
the (\ibnl river. Here, tin* reeent andiaeoloirleal ex- 
cavations have iliseoven’d skulls of div<*rse orijrins. 
Sir .lohii Alarshall. writ irij; about the authors of the 
“Moheiijo-daro and Iinliis <*ivilization”, says, “.Vs far 
back as history <*an be traced the po]iiilation 
of Sind and the Piiiijab had been a blend of maiij*' 
diverse el(*inents and then* is no reason for assnm- 
in<r that it was other than heterojrf.neons in the 
earlier ajre with which we are n(»w efmeerned”.^ 
'I''hns tin* eraniftlojriral examinations discover various 
biotypes to bo existinj; in the l:ind of tin* five rivers 
from time i!nnn*niorial. But this does not solve the 
(piestion about the origin of tin* carriers of the 
Indo-Kuropcan lanjriiajre to India. Hen*, we mii.st 
be careful about the identity of tin* laiijrna.iri* ainl 
the race of men who speak it. Since the days of 
tin* philolo«rist, Frederick Miiller * every attempt to 

1. Vide N. O. Maziiindfir — Zi'iniiier Alt Indischee 
Leben. Ibid p.3f^-Hlui In'll! css iir inscription of Itli abac leva 
lUiatta (verse 3)— “the only one tnat is famous in this 
worltl ainl has a<lornc<l the country of Arvavarta is the 
villay;e of Siddhal.'i, the forinost of all, iind the ornainent of 
the fortunc j»;oddess of Radha” 

2. Sir J. 3rarsliall Mohen jo-darn and Indus Valley 
Civilization, Vol. I p. 109. 

3. F. Miillcr Grvndriss der spraehwissenschn ft. 


identify ratre with lan{ruat;c has proved a failure. 
HeiH*e any attempt to identify tho.se Vedic tribes 
who spoke a branch of the satein group of Indo- 
Kiiropeaii language, with a particidar race or 
biotype, would be to hit beyond the mark. The 
attempt of the Pan-Oermanists to identify Indo- 
Kiiropean-speaking people with a particular biotyjie 
of Xorth Kiirope has led to national chauvinism 
which has been derided as “(lerinanisin”. ^ This 
att(‘inpt has bc*en renann*d now-si-days as “Nordi- 
ei.snF^ But the dispassionate scholars knoAv that 
such like hypotheses, however clothed in .scientific 
garb, are to be foimil in their last analy.ses to have 
political ba.s(?.s. These arc bound up with national 
or .sectarian chauvinism. In Fiiropc*, “Aryan Con- 
trov(*r.sy” long ago has entered its ])olitical phase. 
Truly an lOnglish writer, V, (lordon (’hilde, .say.s, “The 
apotheosis of the \ordics had b(*en Jinked with 
policies of imp(*nalism and world domination : the 
word “.Vryaii” has b(*(*onu* tlu* wat(‘hword iif dangerous 
factions and (‘.specially of tin* mon? brutal and blatant 
forms of anti-.si*milism. Ind(*(‘d, the lu'gloct and 
di.scn*dit into which tin* .study of Indo-Furop(*aii 
philology has tak(‘n in Kngl.ind an; very largely 
attributable to a lc‘gitimate reaction against the 
(*xtravaganci(‘s of Ilou.ston 8. ChambtTlain and his 
ilk, and the gravest obj(*ction to the* word Aryan is 
its association with tiogroms”.* 

Henc(‘, to wean our mind away from this 
national (‘haiivini.sm of .some* p(*ople of N'orth-Furopc 
who maintain that the tall, long-.skiill(.*d, narrow-no.sed, 
blue-eyed, and light-haired racial type of men eamo 
all the way from Scandinavia or .North Germany 
or the Baltic I'oast to India and founded the Indo- 
.Aryan civilization, and in their migration to the 
east changed their centum dialect to the Samskrit 
bmnch of the .satem-group of the Indo-hairopeaii 
languages we must know the other hypothe.sos and 
facts connected with the probhan. The .student of 
this (|U(*.stion knows that tin* majority of the opinions 

1. O. Sergi The Mediterranean liace, p.8. TTc! says 
"I mean by Gprmaiii.sm the theory which attempts to prove 
that the (ieniians are the primitive Aryans”. 

»V. (h)nloM Chililc - The Aryans, p.lb4. Cliihle complains 
that L. StocManI in Hacial Realities in Europe has iniporlcd 
this false principle in American politic.*? {vide footnote p. 164). 
Hut what about India from the standpoint of this Aryanism ? 
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regarding tins problem are in favour of the oric^iitiil 
origin of the liHlo-European-sp(?aking peoples. On 
this aecoiint, Dr. Koppers has said, “Ziehen wir die 
Schluss bilanz, so Zeigt sieh, dass di(> von den Eth- 
nologen in dcr indogcrniancnfnigc verirctein? ostthese 
naeh wio vor iinersehuttert darstidit”. (In drawing 
the eoneliuliiig balanee, it shows that the eastern 
thesis advanced by the ethnologists regarding the 
Indo-Oorman question lies unshaken as before).* 

But a new hypothetie race from the steppes of 
South-West Siberia and (Central Asia has been created 
by some of the post- War anthropologists, aial it has 
b(^(*n named as the “pr<^to-Nortlic^” or the “('asiuaii” 
ra<*e“. Of coiirse this race is supposed to be blonde 
and has got the characteristics of the Nordics, while 
the supposed Caspian race contain.*? the long-skulh>d 
cleinenfs in them. Tt seems, in order to get over the 
ditticultii's beset with the hypoth(*sis of the* Nordic 
origin of the Indo-Eunqjcans, the new hypothesis of 
the “Pn)to-iiordics’^ from Asia has been set up. 
And the cradle of tin* blonde racial element which ha.s 
so long been sup])osed by the iirotagonisls of “(Jer- 
inaiiisin” to have been Nortli-Eiiropcaii oidy lias 
now been sliifted to South-West Siberia and (V*ntnd 
Asia by the representative's of “proto-Nordicisin”. 
.J<»chel.s(»n’s'’* discovery of blue- and grey-eyed, light- 
haired persons in West Sib<»ria, and the previous dis- 
coveries of the same characteristics with the Centi’jd 
Asiatic tribes* — the Galtschas, the Tajiks, etc.— by 
TJjfalvy, Aurel Stein, Schwarz, et<*., have given the 
aiithroiionietric basis rif the same hypothesis. Jhit 
these Central Asiatic tribes are not dominantly long- 
skulled®. The broad-skidh»d, narrow-nosed tribes 
speaking satem dialects (Iranian) of the Tndo-Euro- 
pcan language arc said to have also the above-men- 
tioned i'haracteristics combined with a regular f.aeial 

* D. Koppers — Die Imlo-Ocniisinciifrsigc in Liclite der 
liistorischen vdlkerkiinde. in Anthropos Band XXX, 19.35. 

1. E. von Eickstedt — Kasaenhunde und Raaaengea- 
chiehte der Menachheit^ p. 263f ; Haddon, Kacea of Man, 

2. R. B. Dixon— Tfce Racial Hiatory of Man 

3. Jochelson— Quoted by Eickstedt .and V. Giiiirrida— 
Ruggeri. 

4. Ujfalvy— Lc Kahiatan, Le Ferghannak & Kouldja ; 
Anrcl Stein — data workeil out by Joyce — Jour. Anth. Inst. 
B.16 ; K. Schwarz - Turkestan^ p.23. 

5. Ripley—- Races of Europe . 


feature. llc»uee, the Indo-European Aryan jiroblcm 
has got another orientation in physical anthropology. 

The .\i*}'an controversy is mentioned hen*, because, 
it has become the fashion with some to identify the 
Vodic tribes with the Nordics of North Europe and 
to evaluate tluj people of Bengal from that stand- 
p(»int. But it has been found out that in pre-ncoli- 
thic time two types «>f skulls, dolichocephalic (long 
skull) and bracliyccphalic (broad skull), have been 
prevalent in North Kiirope^ and in palaeolithi<* dc- 
lK)sit at Soliitre a bracliyccphalic skidl has Ix'cii found 
out. Hence the (h(*(uy f»f the longskiilh'd, narrow- 
noswl (doliclmccphal-lcptorrliiii) biolype as the (udy 
original racr* of North Europe since the Palaeo- 
lithic race falls to the gnuind. 'riieii aiiotluT argu- 
nc'iit atlvaiuM'd by tin* upholders <»f Nordicism — blond- 
iiess f»f eye ami hair-<*nlinir — al.<o falls to the* gn»iin<l 
.since the discovf‘ry of Jofdiel.snii of tliis trait with 
.some of the Tartar tribes of South- West Siberia. 
Hence, any tracr* of blue and grey (>ycs and blonde 
Imirwitli the Indians or the Hindus in particnlar 
is not to be ac(‘ount(‘d for from the influence r>f tlie 
Nordic strain from North Europe, but it may bo 
trac*(‘d from tin* i‘h*nii‘nts nearer home. /. e. from 
Ontral .Vsia. Patanjali’s dc.scription of the physi- 
cal characteristics of a Drahman in the MnhfifJfuahya 
of Paiiini (H ‘Jfi) as (/uiim siKTltarhani pinf/nla 
kapifnkesa do(*s not warrant us in taking him as of 
viking type. Acctu’ding to Halaiidha’s Ahhidhnna 
Unlumtudn (a Sanskrit vocabulary translated by The. 
Aiifrcct, 18bl), pitiqtiht is brown or tawny, and kapifa 
is tawny ; and (tafna is generally fair. According 
to the Indian .standard (rattra is brunette and not 
florul-wlnte. Taking the meaning together, we see 
that Patanjali^s Brahman is a fair-skinned, brown- 
eyed, and tawny-hair(‘d man of pure liabits. Thus, 
there is nothing of North- European Teutonic traits 
ill him. liathor, he can be t;ikeii as a fair-skinned 
man of India that is to be met with even to-day. 
On the contr.iry Sahara in his Ithashya on »Jaimini 
I. .‘I. 3 ((notes a Vedic text which sp(*aks of the 
black hair of the Hraluiians.'^ The AtUarva^Vedn also 

1. Richard Hau.sinanii — ubcraichi uharr die arekeo, 
Foaachung in den. oatprovimen in letzten yahrzent. Riga 
1908 ; and Ilaiisniaiin iiinl Weinberg. Silz der Eater P)03. 
71. p. 7 ; Keith. Antiquity of Man. Vol I. p 110. 1035. 

2. This sloka has also been <(iioted in liaudhayanaaruti 
V. 2-3-5. 
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speaks cif Mack hair of the liead (IkK. VI 13F) AKiiin, 
Miinii’s ])n)iiil)itii>n of mniTviiijj: :i ifirl Avitli phtgaln 
e. I»n>\vii nr t:i\vny hair (Ih may not jj^ivo us sniiia- 
tnlntrif prnnf nf’ Nnnli<* strain. I’onph* nf India have 
avnisinn tn ‘cat’s eye’ and there may he similar 
aversion to tawny liair dm* to its extraordinary, heina* 
nneoiith, cliaractcr. On tlie other hand, tin* Baka 
Kakshasa, in Mnhuhhanita ( Adiparva-l<»S( ’h) is dc*s- 
<!rihed as havinj; eyes, hair, and heard cd’ red-eoloiir. 
AIs«», the I'ttnunitinn (Sinidarakaiula-17ch) des<*ribes 
the Haksliasis as liavin*; pinijitln c‘yes. KiirtluT, 
the llhntlihirtin sp(‘aks of tlie Uaksliasas having 
phujnin (tawny or ])rowii) hair and pinijnhi eyes 
(IF. .*{()'. Would these* descriptions siirnify tin* demonic 
Raksliasas to have* he*e*n e»f \ordic alVmitieN ? On 
the* e)the*r hand, (hinin-aamhitn spe*aks e»f KtiJujurtmti 
luivinji r(*d he*ard 

Thus it is e*le*ar that (he* e‘ne*mies eif the Indo- 
Aryaiis are* alsei de*se*rihe*d as havimr li^hl-cedonivel 
<*ye^s ami hair. II«*iu‘c to suppose* Neirelic strain only 
with the* Hr:dnnans will he* misiiite*rpre*tatinn e)f 
histen-y. * Ih’own-oyeel arid tawny-haire*d nie*n wei 
have* jre>t in India in galore*. Fnrthe*r, the* Ve*dic 
descriptiem of (he* Anjn do(*s iie^t alsei jrive ns the? 
iinpre*ssie)n e»f Ids heiii}; a Norelie. Rather wo have 
se*en he*fe»re*l>an<l that (he* Ve*das spe*ak e)f the*ir having; 
black hair. Tnde‘e*el, the Vedie sayinjx that the j^euls 
{tienisi) sire* wldte* anel the Dasf/tfs are hlack FRjf. 2. 
‘20. 8) de)(*s not h*ael ns far inte) the kneewledjjo of the? 
soniatoh>};y e»f tlie* Ve*die trihe*s. It se*e*ms the inean- 
inj; e>f this white* e*e)lonr is ch'ar in the* white Ynjttr 
Vvdn whe*re* in Satnrndriya Idtany the* god Riidra 
is (*alle*d as “golden-armeer' (Kh If) anel god Sahita 
as “ge»lele*n-haneh*er’ (1. ‘20, 31, I’d). .Again, the* .saying 
th.at “Ifieira hy killing the* Jhtsijns has .specially 
pn»te*cte*d the Arya-ce)lonr” (.i. 3S. it) eliM*s ne)t give ns 
fnrthe*r e*Ine» t«) the* mne*h-vexe*d ]n'ol)h‘m. Re*garil- 
ing the ce»lonrs e»f four e]iiler(*nt ehisses i»f the? 
soe*ie*(y which are* kne)wn as the* /v/y //e/.v, it may lu* 
.saiel that tlie*se* are* tlie* me'tapheirie'al re*pre*s(*ntatie)n 
e)f the* dil1ere*nt preifessiems in whie*h the* ])eMiple*s 

1. We* must In* f.-in-fiil .'ilmiii «l«*«jcnptie> * e»f 

till* Br.'ihiiiaiis. Pcrli.'ips lie* like Paidni frenii (^'ll1l11Klr:l 

as In* was an ailmirt'r eif At hurra- Vrda. 1T«* hail a va.^iu* 
idea <>f Ihc* Kast and tin* .North and .a »ood idi*:i nf Sanr.aMra 
anil Kainhoja - r/dr A/e/Aa/d/ei.*^-//!/ (Rciiarrs Kd. p 30. Intro- 
diiction l-l) The ideiuilleatinti of Pataiijali's l»irlh-plaee 
geinarda willi Oond.'i ot IJ. P. is dor.hled hy CiininnjL>ham. 


were engaged. There? cannot be any anthropolo- 
gical moaning attache.»d te> thc.sc descriptieins a.s the 
four rttrnns (colours) certainly wore not the four 
racial type*s e»f men elescribe.*d by Blnnienbach. JIe*re? 
we? must rt'inembor that the Rigsthule or the lleinis- 
dall 5^aga‘ e»f the ancient Tenton.s s])oak eif the* 
cre*atii>n of tliree classes eif p(*o])l(* with diffcr<*nt 
kinds eef phy.sical traits and cedeiiirs by the* god 
liig. Rut lie) one* has yet made any rae*ial elis- 
e*e)veric?s in them. If the latter be an alloge)ry the? 
feirmor must be? like?wise. Knrtlie»r, the othe*r Inelo- 
Kureipcati pe*e)plos like the lVrsians,“ (he Ionian 
(ire*e*ks“ had also traditions of the? division e)f the 
.se>cie*ty inte^ te)nr tribes e)r cla.s.sos. Acceireling te) 
A’^ine*e*nt Smith, “I7//'//r/, one?e a (‘e)mme)n name few 
all classe*s, ])erhaps taken from the* (?e)le)ur eif the 
garments that elilVe*reel with dillcrent chiss(*s came* 
te) m(*an caste in po.st-VVelic lite»ratur(*”. Hence? 
ntnm is ne)t te> be take*n in the e‘olh)iinial se*nse that 
it me»ans (*e)le)ur f>f the skin, but as the* Sanskrit 
lite*ratnr(* te*stitie*s. it me*aiis cliaracte*ristie*s. 'riio 
IShatftthal fiitn says “1 have e*re*ateel four rantna 
ae*eoreling (ei fpiality anel weirk’^ (4.13). “'riie 
Mahtthharaia like*wise .says (hat the nirtuts origina- 
teel from wewk*^ (Saidiparva ISI) 

Examining the* me)de*rn pi*opl(*s eif the? he)mt*lanels 
of (he? ane*ie*nt Ve*elic (ril)e*s Dr. von Eie*k.st(*ilt says, 
“The .Aryans can .scare*e*ly have* be*(*n elarke*r than 
the Pathans nie*asnreel ( No. 3). The* canne)t 

have be*cii 1‘aircr than emr pre.scnt plain-dwclle*r.s”.‘ 
Anel theese whe) have* pe*rsonal kne)wle*elge* of the 
Pustu-.speaking, the Swati-spe*aking pee)ple*s e)f the* 
fremtier, kimw it wa*ll that breewn-skinneel anel elark- 
brown-.skinncel pefeiph.s are te) be* met with amongst 
them in pre*ponele*rant nnmbr*r.s. Further, Dr. 15. S. 
Guha in his Ethne>graphie*al Repeirt e)f the* Census of 
IM.31 spe*aks of “a elistinetly dark e*lenie*nt present 
ill varying d(*gree*s” in the N. AV. Frenitie*r Preivinea?;' 
thus a tlark racial <*lcine*nt is te? be* met with in the 
heiniciand e»f the* ane‘ie*nt Ve/elic pe*e)ple?. 

1. !lhint.schli— siaatslehre pj). 12*1-130, I. 
:Maccul!octli— r/ee Mythologj^ of all races. Kdelic. p. 
153. 

2. SfiiJirt— Casic in India. 

3 Sir W. M. Asia tic Klemenis in Greek 

civilizat ion ]>p. 2-13-2U. 

4. K. von Idrkstfdt A Comparative Aiitlirojioiiietrv 
of 1 14 IMiiijahees in .Uan in India Vol. III. 1923. 

5. V. A. .Smith Ancient and Hindu India, pt. I p. .3(). 
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Notes and News 


British Recognition of Indian Medical Degrees 

The General Medieal Conneil of Great Britain 
liAS aeconled recognition to degrees given hy the 
Universities of Bombay, Lneknow, Madras, an<l Patna, 
and not by all the ^Icdical Faenllies in India. 'Hie 
courses, examinations and degrees of the other univer- 
.sities that liave medical faculties -viz., Calcutta, 
Punjab, Andhra and Rangoon — arc still Ixdng con- 
sidered by the Iiiilian Medical Council whose inspec- 
tor’s reports will go to the British (J. M. C. in due 
course. 

Recognition of the Bombay, Lucknow and Madras 
degrees was withdrawn in February and has now 

been renewed with retrospective cffc<*t back to that 
date. Graduates wlio have taken their degrees there 
during the past six years will accordingly be admitted 
to practice in Britain, and will be allowed to sit for 
such higher British degrees as tlie F. R. C. S. without 
having to take the qualifying examination.s. 
Patna's qualideations on the other hand have 
not previously been registrable in Great Britain and 
are therefore recognized as from May 11 last year 
when its M.B. B.S. degree was admitted to the fir.st 
schedule of the Irnlian Medical Council Act. 

It is hoped that some at least of the four remain- 
ing Faculties will now be recognized on terns as 
favourable as those conceded to the universities 
mentioned. 

Calcutta Electric Rates 

In the course of a note .submitted to the Calcutta 
Corporation regarding the recent reduction of rates 
announced by the Calcutta Electric Supply Corjmra- 
tion. Dr. B. M. Dey, Chief Engineer of the Calcutta 
Corporation remarked : 

“The ])lca of paucity of resources and inability 
of reduction of rnanagement and working costs, is not 
a new one. The same ])lea was put forwaril in ItKM) 
when the ease for cheaper electricity was mooted by 
me. 'I’lie Supply Company at the time declared I hat 
their charges, naiiicly, the net domestic rate of 3 
annas j)er unit, wen^ irreducible. Belter counsel. 


however, prevailed and the English Board of the 
Com])any thought fit to voluntarily rediic*; the domes- 
tic rate to annas in two instalments. Now, almost 
simultaneously with the. publication of the Tiupiiry 
Committee’s report they havt* again voluntarily naluc- 
cd the rate to af annas.” 

Referring to the arguments put forw’ard by the 
Committee on his analysis of unit costs placeil before 
them in sup])ort of the tariff propo.sed by the (Calcutta 
Corporation, Dr. Dey pointed out that “a compari.son 
with other electrical undertakings — doing a fraction 
of the business of the Calcutta Eleetrie Supply Com- 
pany — should, surely be a good guide in this respect.” 

“If the Supply Company,” the note added, “do 
not see their way to bring down the rates further, it 
should be a matter for consideration for the Calcutta 
Corporation to exorcise their option of taking over the 
.supply of electricity to the citiztms, on the expiry of 
the ])resent license of the Supply Company. In the 
meantime. Government may bo ri‘quested to give effect 
to the Committee’s recommendation w'ithout any delay 
and (*all on the Supply Company to comply with the 
.same.” 

The Report of the Rates Inquiry Committee along 
with the Chief Engineer’s note is likely to come up for 
consideration before the Pid)lic Utilities and Markets 
Committee of the Cor])oration early next w’cek. 

German Scholarships for Indians 

'I’he India Institute of the Deutsche Akadcmie 
announces the award of 17 (seventeen) new scholar- 
.sliips for the aeademie year in;i6-37 to the following 
Indian gratliiate students who are to carry on higher 
studic.s in various (Jerman Universities : — 

1. Mary K. Das and 'I'araknath Das Seholar- 
.ship : Miss Usir.\ Hai.oak, m.ii.ii.s., La<ly llardinge 
M«‘dical College, Delhi. 

Robert Koch Seliolar.sliip : Mu. G. S. (iniA, 
M.H., Surgeon in Shillong (A.ssam). 

;i. .\shu Tosh Midvlierjee Scholarship : Mil. 
Si’iMiAsANNA Skn (ii cTA, M.sc., Obsi'rvcr, liidiaii Ml'* 
teorologieal De]>artnient, Hangooii. 

4. Sir Kamkrislina (iojial Bhandarkar Seholar- 
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.ship : ^^ll. Auykndka Siiakma. m.a.^ University of 

Allahabad. 

5. Friedrich Riicckert Scholarship ; (This scho- 
larship was primarily destined for studies in German 
languai^e and literature; on account of the excellent 
application submitted for .studies in indolof^y the scho- 
larship was this year awarded for this branch of 
stiulies). Mk. H. N. Danuekah, m.a.. Professor of 
Sanskrit, Fcr^rii.s.son Collcffe, Poona. 

(>. Justus von Liebiff Scholarship : Mh. N. K. 
SKsiiAUHiKNCiAK, M.sc., Han^alorc. 

7. Carl Duisber^ Scholarship : Mil. llAsroEB 
IIankujek, ij.sc., University of Calcutta. 

8. Heinrich Herts Scholarship ; Mu. N. K. 
Saiia, m.sc., Allahabad. 

9 . J. C. Jlo.se Scholarship : Du. A. K. Dutt, 
D..SC., Ho.se Research Institute, Calcutta. 

10. Oskar von Miller Scholarship : Mu. X. 
An.t.\neyi'i.i', n.se.. Assistant Professor in Metallurgy 
Henares Hindu University. 

11. Werner von Siemens Scludarship : Mu. 
Nand Lall Gclali, n.sc., Government Technical 
School, I..ahore. 

12. Heinri<'h Sehliemann Scholarship : Mu. T. 
Kalakrisiinan Nayau, M.A., Lecturer in History and 
Archaeology, Annamalai University. 

13. Wilhelms Kllcnberger Scholarship : Mn. P. 
C. Nao. o.n.v.e.. Veterinary Assistant Surgeon, Sylliet. 

I'l. Albrecht von Tliaer Scholarship : Dr. 
Panciianan Maiirshwahi, D.se., Lecturer in Botany, 
Agra College, Agra. 

15. Adolf Ledebur Scholarship ; Mu. B. S. 
Sanjkkva Reoiii. 

1(5. .Takob Grimm Scholarship : (This scholar- 
ship was primarily intended for studie.s in German 
language and literature; on account of the excellent 
application submitted for studies in fine arts, the 
seholar.ship was this year awarded for this branch 
of .studies). Miss Siirila Bonneujee, Artist Calcutta. 

17. An additional scholarship has been awarded 
to Mu. BAsiiEiuiAR Nath Tandon, m.a., Profe.s.sor of 
Commerce, Meerut. 

The scholarship holders are due to reach Munich 
on September 1. 

New Exhibits at Science Museum, South Kensington 

A special exhibit of the R. M. S. Queen Mary is 
being held at the Science Museum. 


The central feature of this exhibit is a magnificent 
22 ft. model of the R. M. S. Queen Mary. A collec- 
tion of photographs are also being exhibited, showing 
the vcs.scl at various stages of her construction, the 
launching by Her Majesty Queen Mary on the 26lh 
Septemlier 193‘1>, and on her recent journey from 
Clydebank to the King George V dock at 
Southampton. 

A model of the first Cunard liner, the paddlc- 
stcamer Britannia of 181-0 which carried 115 pas- 
sengers, constructed to the same scale as the model of 
R. M. S .Queen Mary, is shown alongside by way of 
contrast; while a representative series of other not- 
able Cunard liners, down to the "Mauretania" which 
was broke n up last year, serves as an historical 
background. 

1 he R. M. S. Queen Mary has a gross tonnage 
of 80,73,3, and her four screw-propellers arc driven 
by geared turbines of 200,000 horsepower. During 
her recent trials, she is said to have attained a speed 
of nearly ,3.3 knots. With an overall length of 
1,018 ft. and a brcailth of 118 ft. the dimensions of 
R. M. S. Queen Mary are nearly the same as those of 
the contemporary French liner "Normandie,” photo- 
graphs of which arc exhibited in the Steamship 
Gallery on the second Hour of the Museum. 

A special exhibit, which has be<*n formed by the 
Royal Aeronautical Society to mark the 70th anni- 
versary of its foundation, was recently inaugurated in 
the Science Museum. 'Fhe exhibit comprised aeronau- 
tical objects d’art, aeronautical trophies, medals, 
engravings, stamps and rare or unicpie articles con- 
nected with ballooning and aviation, many of which 
have been lent by private collectors and have not pre- 
viously been exhibited. 

The effect of the invention of the balloon on con- 
temporary dfu'orative art will be .seen in examples of 
vanity boxes, fans, handkerchiefs, buttons, snuff 
boxes, pottery and other articles. Famous balloon 
ascents will be illustrated b}' contemporary prints and 
relevant MSS., including the first air passport issued 
in 183(5. The first aeroplane j)rojcct will be shown 
in a rare coloured specification drawing of Hcnson'.v 
"Aerial Carriage," and the advent of the successful 
aeroplane, by a bust of Wilbur Wright which fittingly 
supplements the original weight machine already in 
the ^fiiscum. 

Mysore Government and Sapru Report 

The Government of Mysore have made a detailed 
examination of the Report of the Sapru Unemploy- 
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mcnt Committee witli reference to conditions in Mysore 
and have issued a statement showing what is actually 
being done by way of unemployed relief in the light 
of the suggestions made by the different departments 
of tlie State. 

Some of the main points referred to by the 
Government are as follows : — 

The expenditure on public works is being main- 
tained at a fairly high level. In recent years, there 
has been a large development of irrigation in the Irwin 
Canal area. The department is encouraging engineer- 
ing graduates who come forward to take up contracts 
Employment is also being found for them in 
connection with village improvement works. 

No difficulty has been experienced in placing 
mechanical and electrical engineering graduates in 
Government and private institutions for receiving 
practical training. Arrangements have also been 
made with the Kolar Gold Fields for training and 
recruiting local people: 

The development of rural electrification is conti- 
nuously taking place. Action is being taken to in- 
crease the power generator so as to meet the antici- 
pated additional demand and the sources of new 
power arc being investigated. 

The Industries 

The manufacture of steel and rolled sections has 
just been started and the manufacture of pharmaceu- 
ticals established on a permanent basis. 

The lac industry is being developed and an organi- 
zation created for industrial research. Factories for 
the manufacture of electrical materials, cement, paper 
and spun silk are being established either by Govern- 
ment or with Government aid. Facilities have been 
afforded to a private company for the manufacture of 
accumulators and schemes for the starting of new 
industries are under the active consideration of the 
Board of Industries which consists of officials and non- 
officials interested in industries and commerce. 

With the additional allotments made by Govern- 
ment, arrangements arc being made for the increased 
distribution of disease-free seed and cross-breed lay- 
ings to the scriculturists and other measures arc also 
being taken to help the industry through the present 
crisis. 

The rates charged for power have been recently 
reduced in the interests of small industries. 

Need for Study of Details 

The following recommendations deserve to be 
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examined in detail by the Government and the officers 
concerned : 

(a) Maintenance of unemployment statistics by 
Government, University and the Education 
Department. 

(h) Grant of subsidies to medical men to settle 
in rural areas. 

(c) The compulsory retirement of all Government 
employees who have attained 55 years. This 
is the rule and is invariably followed except 
in the case of ministerial officers. 

(tl) The development of subsidiary agricultural 
industries such as fruit growing, dairy farming 
market gardening, poultry farming, etc. 

(c) To bring up-to-date Mr. Sambasiva Aiyar's 
Industrial Survey of Mysore. 

(/) Establishing contacts between the Science 
Departments of the Mysore University and 
the Institute of Scicnc'c and industrialists 
and biiKiiicssmen. 

Unemployment Relief by U. P. Govt. 

The United Provinees Unemployment ('ommillce's 
report was discussed by the legislative Council op 
March 2 and (Government then undcrlmik 

that if the T^egislaturc voted additional taxation, they 
would earmark three lakhs of rupees per antium for 
the piirpf)ses mentioned in the Report and an addi- 
tional one lakh for schemes of expansion or improve- 
ment in various transferred departments which would 
also have, as their result, reduction in unemployment 
among educated young mvi:. 'Fhc taxation measures 
(Stamps and Court-fees) were adopted by the Council 
in March. Accordingly, the following schemes of 
recurring expenditure have been accepted. 

(t) Practical training for industries in a special 
colony at Cawnpore under almost commercial 
conditions, Rs. 25,000. 

(it) Slate-aid in the establishment and running 
of (a) an industrial credit company, 
Rs. 1,50,000 (only Its. 1,00,000 in the first 
year); and (5) a company for marketing 
and small-scale finance Rs. 50,000. 

(ill) (A) Practical training in agriculture — 
(a) under almost commercial conditions on 
the Fyzabad Farm, and (b) on departmental 
farms Rs. 10,000; (li) instruction in estate 
management. 

(tv) Provincial Employment Board, Rs. 16,000. 
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(v) in crrtain subsidiary agricultural 

industries and granls-in-ai<l for their deve- 
lopment. Rs. 25,000. 

(ri) Additional provision for veterinary training, 
Rs. 3,000. 

(rii) Additional provision for sulvsidies to rural 
medical practitioners, Rs. 7,000. 

(viir) Knhaneement of the amount jilaeed at the 
disposal of the Hoard of Indian ^ledieine, 
Rs. 15,000. 

(/>) Kstahlishment of six centres of agricultural 
improvcmeiil in canal areas. (The exjiemli- 
ture is expected to rise to about Rs. 30,000 
per annum later on), Rs. 20,000. 

(j*) Additional provision for grantsdn-aid for 
the establishment of lined rural dis])ensarics, 
Rs. 15,000. 

(j’i) Rxlension of the District Health Scheme to 
four out of the remaining 18 districts, 
Rs. 65,000. 

(jr/i) Revival of three travelling dispensaries, 
Rs. 9,000. 

Establishment of Employment Boards 

The above schemes have been explained in .some 
.detail in the Government communique. We give below 
the details regarding tlie proposed employment boards. 
'File Committee recommended the establishment of 
Appointments Hoards on the Cambridge m(Mlel,-'-one 
for the products of the live universities and of institu- 
tions of a similar status, and the other for the products 
x>f Intermediate Colleges and secondary, vm'ational 
-and professional schools. In piir.suance of this recom- 
mendation it has been decided to set up a provincial 
rKm ploy men t Hoard, composed of representatives of 
various interests, for both clas.ses. 

Its functions will, broadly speaking, include (a) 
collection and supply of information relating to open- 
ings for employment, (h) registration of candidates 
for a])pointinents and bringing them to the. notice of 
intending t‘mployers. (c) ct>llcctiori and supply of iin- 
eniployiru'ut statistics, (d) rcvi<-w and coord in a lion of 
Lin* work of all agencies for employment, (e) keeping 
educational instiliilions in touch with matters of inter- 
est from the point of view of Nuitability for employ- 
ment, and (/) advice to (Mivernmeiit on unemployment 
(piestions. 

I'A'cept ill the case of those who specilieally regis- 
ter themsrlvrs after paying the preseribeil fee, the 
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Hoard's functions will be general in character,. The 
actual 'placing,' or supervision over the 'placing' of 
individuals will l)e among the duties of the appoint- 
ments committees of the Universities and the Advisory 
School Committees attached to vocational and educa- 
tional institutions. 

The Board will be given a whole-time Secretary 
and other necessary stuff. The net annual cost of main- 
taining such a Board is estimated at about Rs. 16,000. 

Development of Air Services 

Statements in the House of Commons by Sir 
Philip Sas.sooii, Under-Secretary of State for Air, 
reveal the magnitude of British plans for the future 
exploitation of Kmpire and world air services. Found- 
ed on the decision that from the end of 1937 onwards 
the bulk of all Kmpire first-class mail will be carried 
by air without surcharge, the schemes destined for 
fruition within the next few years are : 

Nine services a week from Kngland to Kgypt. 

Five services a week to India, which will be reach- 
ed 2 1 days out from Kngland. 

'1‘hrce services a week to East Africa and 
Singapore, worked on a and a days schedule 
respectively. 

Two services wTckly to Australia and South 
Africa, the former worked on a G to 7 days schedule, 
and the latter on days. 

An equal number of services will be w'orked on 
each route in the homcw'ard direction. 

Negotiations for the extension of the Australia 
.service to New Zealand are in progress. Experimen- 
tal flights directed to the establishment of a regular 
service across the North Atlantic are to begin later 
this year. Sir Warren Fisher’s Committee, an official 
interdepartmental bodi to which is assigned the task 
of considering projects for development of external 
air .servi<*es, ha.s under review the possibility of a 
.service to Latin America across the South Atlantic. 
Sir Philip Sassoon stated that five dilferent groups 
had been i 'vitcd to submit proposals for the operation 
of a South Atlantic service, included in which woidd 
be regular services linking Kngland and the rest of the 
Empire air network with tlu* west coast of Africa. 
Eventually, .several undertakings, all branches of one 
great scheme, may repre.seiit British civil aviation in 
different parts of the South Atlantic. 

large fleet of aeroplanes is being built for the 
expanded services. At Roche.ster the first of 28 
monoplane flying-boats dcsigneif and built by the 
Short company is expected to lake the air soon. 
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Twelve large landplanes arc in course of construction 
at the Armstrong Whitworth factory. All of the 
services to Africa will Ih: worked by flying boat. The 
India services will be mixed — three each week to 
India and Singa)>orc by flying boat, and two as far 
as Calcutta by landplanc. 

Transatlantic experiments will engage three dis- 
tinct types of flying machine. First will l>e the flying- 
boat “Caledonia,*’ one of the new Short monoplanes, 
which will be equipped with extra fuel tanks instead 
of passenger accommodation and thereby given range 
siifflcicnt for operation of an air mail service across 
the North Atlantic by way of the Azores and 
llcrmuda. Second will be the novel Mayo composite, 
or double, aircraft, which will launch in mid-air a 
heavily loaded seaplane capable of making the dirc^ct 
flight from England to Newfoundland non-stop with a 
big mail load. Third entrant is the 1). II. Albatross 
four-engined monoplane, an extremely rapid craft 
designed on similar lines to the Comet racer. This 
machine, of which the Air Ministry has ordered two, 
is expected to cruise at more than 200 m.p.li. and to 
place North America within ten hours of England. 

— J'he Statesman. 

Problems of Indian Broadcasting 

Indian broadcasting today faces a number of 
problems both theoretical and practical which need 
the co-operative work of Indian scientists in different 
parts of the country for solution. In our last i.ssue 
we published a discussion by a group of scientists at 
London on a proposed radio research board for India, 
which will plan, direct, help, and co-ordinate all 
radio research in this country. In a recent issue of 
the Indian Listener, which is the official organ of the 
Indian State Jlroadcasliifg Service, an article has 
appeared appealing to the scientists all over Imlia to 
co-operate w'ilh the Research Department of the 
Broadcasting Service in tackling the three major 
])rohleins of practical broadcasting. The three prol)- 
Icms relate to («) strength of atmospheric at tlifferent 
frequencies, (b) short wave research, and (c) earth 
Conductivity. Here wc give an extract from this 
article regarding a suggt‘stcil scheme of research on 
the first problem. 

Both scientific and lay opinion agreed that atmos- 
])herics constitute our first problem. 'I’lic data avail- 
able on this point is v<*ry incomplete and little work 


seems to have been done on the distribution of atmos- 
pherics in the frequency spectrum. What is wanted is 
a series of observations of the ab.soliite strength of 
atmospheric noise alone at difi’erent frequencies. 
Diurnal and seasonal variations have also to Iw observ- 
ed and the data tabulated before wc can predict with 
any degree of certainly the probable service area of a 
station or decide, the optimum band of frecpicncics. 

The work, however, is one of fjreat maffniiude and, 
moreover, in a vast country like India, ohsvrtmtions 
will have to he taken at a larye number of centres be- 
fore we can proceed on sure yrounds. This is a line in 
which co-operation is necessary from the majority 
of scientific institutions and universities. 

It is learned that at one of the southern univer- 
sities diurnal and seasonal variations are being ol>- 
served on a single frequency in the me<1iiim band. This 
is undoubtedly useful, but work on the complete 
spectrum between 150 and, say, 20,000 kiloh(>rtz would 
be necessary before a comph'te picture can l)c ob- 
tained Observations will be conducted at Delhi by the 
Research Department, and it is requested that 
.scientific lalmratorics at different centres co-operate in 
obtaining full data. Thoice of apparatus is left to 
individual resources, but it is suggested that measure- 
ments be taken on the following; — 

Rand Band Band Band Band 

No. 1. No. 2. No. :i. No. 4. No. 5. 
150 khz 420 khz fiOO khz 2,400 khz fi,800 k 

210 „ 850 „ 3,400 „ !>,fi00 

.**00 „ 1,200 „ 4,800 „ 13,000 

1,700 „ 1.0,200 

It may be mentioned here that at present Bands 

1 and 2 are in use only in Kiiro))c for broadcasting 
and arc s|M*cialIy favoured by the IJ. S. S. R., wdio 
were, in fact, responsible for the opening of Band 

2 for broadcasting. Bund .*) is in regular use for 
broadcasting all over the world. Band 4 is at pre.sent 
not open for broadcasting but is popular in the Dutch 
East Indies, and according to Sir Noel Ashbridge 
some of the higher frequencies in this band are. 
expected to be generally available in a year or two 
more. Band 5 incJiidc.s most of the frequencies avail- 
able for shortwave broadcasting. 

It is possible that .some institutions might not 
have the fneiliUes for taking observations on all 
bands. But if Jlic rcsulls arc to be cn-ordinateti it 
would stvin advisable to have <»nc method Ihrouglioiit. 
It is .suggested that measurements be inacle imme 
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dialely after 7.00, 10.00, 13.00, 16.00, 19.00, and 
22.00 hours, and that in each case observations be 
recorded of the field strength of atmospheric disturb- 
ances alone in microvolts per metre, the values being 
'integrated over five-minute periods on each spot fre- 
quency. The above recommendations are, however, 
tentative and suggestions, for improvement are wel- 
comed. 

At the risk of being accused of stating the obvi- 
'ous, it must be pointed out here that the values of 
noise observed will depend upon the band-width of 
the receiver used. It will, therefore, be necessary in 
the case of cacrh set of observations for the total band- 
width at different frequencies to lie aseertained. It 
is also necessary that the antenna used be non- 
directional. Only then will it be possible to sum up 
all the observations from the different centres and also 
calculate average values for the whole of India if 
such a proceeding seems justified. 

, Rare Relics at Rajgir 

The following note on the excavations at Rajgir 
has been issued by Mr. J. F. Blackiston, Director- 
General of Archaeology in India : 

One of the most interesting places in India where 
natural beauty and historical interest combined in an 
unusual degree is Rajgir in the District of Patna, the 
ancient Raj agriha, and the earliest historical capita] 
in Northern India. The Archaeological Department 
under the direction of Sir John Marshall and the late 
Dr. Bloch conducted some excavations at tliis site 
30 years ago, and brought to light a circular brick 
structure with stucco figures in bas-relief decorating 
its walls, at a site in the heart of tlie ancient city. 

The nature of this structure, which from the style 
of the sculptures is attributed to aliout 500 a.d. has 
been the subject of considerable speculation among 
scholars. Recently the area adjoining the Maniyar 
Math has been further examined by the Archaeological 
Survey, and at least two earlier strata of buildings 
underlying the foundations of the circular structure, 
which take back the antiquity of the site at least 2 
or 3 centuries earlier, have been revealed. Within 
an enclosure of brick walls to the cast of the Math, 
Mr. G. C. Chandra, the Superintendent of the Central 
Circle, discovered a surprisingly large quantity of 
pottery and terra cotta objects, which seem to have 
been purposely buried. 


The most interesting type of- pottery discovered 
here has a series of spouts numbering from 4 to 34 
of various designs. A majority of the vessels bears 
representations of snake hoods, which confirm tlie 
idea that this site was sacred to the worship of the. 
serpents or Nagas. The pottery with multiple spouts 
unknown from any other sites in India, must undoubt- 
edly have been used in connection with Naga worship. 
If the name Maniyar Math faithfully preserves the 
memory of Mani Naga who was the protector and 
rain-giver of Raj agriha according to the Mahahharata, 
it may be conjectured that such vessels the 
multiple channels simulating showers were used by 
distressed supplicants praying for rain and deposited 
by them in the compound of the shrine. It may be 
noted that serpent worship, which can be traced at 
Rajgir from the 3rd century ii.c. is still a popular 
form of religious belief particularly in Eastern India, 
as is evidenced by the widespread cult of the snake 
goddess Manasa in Hcngal. 

Madras Electric Enquiry Committee’s Report 

Last year the Madras Government appointed a 
Committee b> entpiirc into and advise on questions 
connected with the electric supply industry in the 
presidency. (See Science and Culture, 1, 422). The 
Committee has submitted its report. The chief 
. recommendations are summarized below. It will l)e 
noticed that the committee recommends that the 
Government should undertake production and bulk 
supply. As far as we can judge from the summaries 
published in the daily press, the Report is highly 
progressive and generally satisfactory. 

The Chief recommendations of the Committee 
. briefly summarized ai^^ : 

(1) That although they do not advocate the crea- 
tion of a Statutory Board at present, they arc as a 
committee in full agreement that a Statutory Board 
may Ik*, desirable at some future date and recommend 
that Go\%*rment .should not lose sight of the possibi- 
lity of such. a Board being formed. (2) That an 
Advisory Board should l>e .set up as soon as possible 
with as wide a scope as possible. (.3) That a policy 
of steady expansion should be pursued by Govern- 
ment and promising large schemes taken up, especial- 
ly if they exploit natural re.sourees. (4) That genera- 
tion and bulk supply should be, as far as possible by 
a scries of large Central Government stations. 
(5) That subject to certain provisos local bodies 
should be preferred to private companies as licensees 
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for distribution and in certain cases for ^neration 
also. (6) That where there is no licensee in a posi- 
tion to do it satisfactorily, Government should under- 
take schemes for rural distribution provided a certain 
prescribed standard of gross return is satisfied. 
(7) That powers should be taken to enforce closer 
control over licensees in certain matters. (8) That 
power should be taken by Government to enforce the 
closing down of small uneconomic stations when bulk 
supply becomes available. (9) That the Electrical 
Inspector should again be separatc;d from the Chief 
Engineer with apiiropriatc rank and wider responsibil- 
ity. (10) 'Fhat the cpiestion of drafting a simplified 
and self-contained Account code for the Electricity 
Department sliould be taken up. (H) That methods 
of reeruitmcnl and promotion of technical staff sliould 
be examined with a view to modification where 
necessary. 

H. E. the Viceroy on Nutritional Research 

111 course of his speech opening the meeting of the 
Nutrition Advisory Committee of the Indian Research 
Fund Association, Lord Linlithgow stressed the neces- 
sity of establishing a link between research on the 
problems of human nutrition and agricultural research. 
He also said that time has eome w'lieii efforts should 
be made to spread among tlie lay public and the 
masses the knowledge ncquired by recent researches. 

“In no country is the suhjccl of greater import- 
ance than India. I rejoice to find that during the 
last ten years public opinion in this country has slmwn 
an ever-growing interest in the problems of human 
nutrition, and 1 am persuaded that the time has 
come when all concerned should apply themselves wdlh 
renew’cd energy and enthusiasm, not only to the active 
prosecution of research in this field, but also to the 
practical application in the. liomcs of the people of the 
fruits of that research in terms of the diet of the 
population, both in the rural area.s and in the towm. 

“The Royal Commission on AgriciilUire envisaged 
the setting up of a Central Institute of Human Nutri- 
tion, but lack of funds has hitherto prevented the 
implementing of that recommendation. 

“The Commission also advised that a link should 
be established between research on the problems of 
human nutrition and agricultural rc.scarch. I have 
•faith that the future will witness the founding of 
such .a Central Institute of -Human Nutrition. Mean- 
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time, I invite you to consider at this meeting the 
expediency of establishing a point of etmlact lie tween 
tlic.se two branches of scit'iiee. 

“Agricultural research will shortly Is* in full swing 
at the new Imperial Institute of Agricidlural Ileseareh 
at Delhi. I suggest to you that the inaiigiiratioii of 
this station ailords an excellent opportiinily to create, 
a permanent liaison between research workers in 
human nutrition and those engaged in agricultural 
re.seareh by the appoinlmetil of an expert ni liiiinan 
nutrition to work in the Delhi Agrieulltiral Institute. 
1 have no doubt that such an appoinliiient would he. 
wele<imed by the wlude staff of agricultural research 
workers, and 1 am (’onfiileiit that siieli nii arrangement 
would prove to he of suhslantial value to all eon- 
ecrnetl. 

“I said a niotm'iit ago tlial in my opinion the time 
has eome to press forward with the difficult matter of 
making available to the gemral public the fruits of 
researc'h on liiiuian nulrilioii. This of course, is a 
funelion that belongs to the. provincial Govcrnmenls 
and their officers. 1 eaniiot bill feel that here is an 
opportunity for the further exploitation of that prin- 
ciple of joint endeavour ludwien the provinces and 
Central Research InsLilutions, which is .so happily 
exemplifi€‘d in the existing arraiigeintuils for agricul- 
tural research. The Nutrition Institutes at Coonoeir 
and ('aleiiltn alreatly have; to llu-ir ereelit inueOi work 
<»f the utmost value. It is my earnest hope that the 
provinces will make the fullest use of that material 
and that they will suggest for investigation by the 
(’entral Institutes any special probh'iiis with which 
they may be confronted. 

Improvement of India's Dairy Trade 

The Ciovernment of India have decided to 
separate the organisation under llie Imperial Dairy 
Expert whieii will heneeforee deal directly witli the 
Education, Health and I.ands De|)}irlmeiit of the 
Government, and not under tlie lin})erial Council of 
Agricultural Research, Pusa, as hitherto. This deei- 
.sion has been arrived at witli a view to keep the 
developement of dairying and animal products on 
proper lines. 

The scheme will provule. for National Research 
Creamery, where processes of manufacturing evapo- 
rated and powdered milk, casein, etc., on a factory 
scale will lie expt'riiiientcf] on and standardized, thus 
providing a stimulus to industrial dairying. The 
need for such an institution can be gathered from the 
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fart that India to-day imports milk products in the 
form of condi-nsfd milk and milk powder and otlicr dry 
milk preparations of the value of ahoiit Its. 2^00,00^000 
annually. The selieiiie referretl to will also aim at the 
expansion of the Central Institute of Dairy Hus- 
huiidry, Hanjrahire, by providing, as far as possible, 
with extra lands, laboratory Taeilities, ele. With a 
niieleiis liki' this for the new Dairy Department and 
the various other seheines sanelioned by I he Imperial 
(louneil i»f AgrieulturnI Ileseareh, a vigorous start has 
been made, and very important develojnnents are con- 
templated in the near future. 

'rhe standard »if training given in dairying at pre- 
sent is to be raised so that it will be as higli as any 
given in any other part of the world. 'I’lie advisory 
and propaganda work will be much more intensified 
to meet wilh the full demand of the trade and in order 
that llu? d(‘veIo|iment can be effieiently carried out 
tlur Ooveriiinent of India have approached the J*ro- 
vineial fiovermnents for their full eo operalion. Sul>- 
stations to the main institution located in the more 
important parts of the country are contemplated in tlie 
future development programme, so that the Dairy In- 
dustry will have that guidance and support from the 
State which is so necessary for its pniper development. 
With a central organization started on such a foun- 
datiim and with what the Provinces will be providing, 
working in clo.se co-operation with one another, it is 
expected that before long India will have a mechinery 
to eater for the needs of this nation-building industry, 
which can compare favourably with the? best of its kind 
in any other country of the world. Time, finance, 
awakening of pidilie interest, and methodical organi- 
zation under the guidance of experts in the line? are 
some of the factors which are necessary in ])rodueing 
the results, and the Imperial Council of Agricultural 
Research is doing its best to bring this about. 

Blood from the Dead 

niootl from the bodies of those who die .su<ldeiily — 
in automobile at'cidt'iits, by electrocution jir by tlrown- 
iiig, for example — is being used in Russia for transfu- 
sion in hiiinan being.s. Almost 1,000 transfusions of 
bloo<l from the newly deatl have been made at the 
surgieal eliiiie of the Tiislitiite Sklyfasovsky Ci*ntral 
Kiiiergeiiey llospilal, Afiiseow. 

S. S. Yudin, surgeoii-iii-ehief, ileseribes the strik- 
ing results ohtaiiH'd in these eases aiul the leehnic|iie 
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employed in transfusion in the Journal of the 
American Medical Associations. Blood must be 
obtained from six to eight hours after death. The 
recipient of the blood is safeguarded b}* serologic 
tests of the blood, a bacteriologic? eheck-up and a 
careful autopsy. 

In those who die suddenly, the blood remains fluid 
and can be i)reservcd at low temperatures for more 
than three weeks, the Russians have found. In its 
healing efiVets, this hlood docs not dilTcr from the 
blood of living donors. As .sources of supply, Dr. 
Y*’udin suggc.st.s victims of traffic accidents as well 
as hospital patients who die from coronary throm- 
bosis and angina pectoris. The blood is warmed to 
body temperature by placing a flask of it in warm 
water. It is then pa.s.sed tlirougli a gauze filter into 
the vessel from wliicii it is be transferred. 

'riic advantage of the method is that there is no 
loss of time in acute emergeiieies, for it is unneces- 
sary to call in a blood donor. Anolher valuable 
feature is that blood from the same cadaver can be 
used for repeated transfusions in the same patient. 
SiMnetimes several transfusions are necessary during a 
single operation. 

— Scientific American, June UKRi. 

Jubilee of the Indian Science Congress 

The British Association of Great Britain, it is 
undcrstoiHi, has for the first lime decided to hold a 
joint session with tlie Indian Sc'iencre Congress in 
January, 19.*bS, and in India. 

'riie occasion will be particularly memorable for 
this country bccau.se it will celebrate llic jubilee of 
the Indian Science Congress. For climatic reasons 
and partly owing to the fact that it has already 
accepted the invitation to liold its session in 19:iH in 
Great Britain, the British As.sociation cannot partake 
in the joint session in India fully and has, therefore, 
dt'ciiled to send to India a strong delegation of promi- 
nent scientists. About 50 scientists are expected to 
attend ^hc session. Some of these are coming from 
outside till? British Empire. 

'riie Indian Science Congress, it is understood, is 
making necessary efforts to take advantage of the 
])resenee of these distinguished men with a view to 
bring tJiem into (.‘ontaet with seientifle workers in 
<lifferent centres in India. 'I’liis arrangement, it is 
expe<‘ted, will give an im]H?tiis to seientifle activity 
in India. 

henever the British Association holds its session 
in a DoTuinion, the latter makes a handsome eontrihu- 
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tion towards the expenses of the session. The Indian 
Scrience Conj^rcss approaelied the Government of 
India for a similar contribution and its is understood 
that Sir Jagadish Prasad, Membcr-in- charge of 
Kduration, Health and Lands, lias promised to con- 
sider the subject sympathetically. 

Letters have been rcrcived by tlie universities in 
India from the Indian Science Congress, explaining 
tlie significance and importance of the, session and it 
is understood that already two universities have s«-nt 
invitations to the Congress to liold its joint session 
with the British Association under their auspices. 
'J'hcy have intimated that, if their invitation is accept- 
ed, they would supplement the Government grant for 
expenses. 

Apart from these two universities, it is expcctel 
that financial assistance to the Indian Science Con- 
gress will be forthcoming from other universities and 
Princes and also from private individuals. 

It is understood that His Kxccllcncy the Marquess 
of Idnlithgow has eonscnlcd to be the patron of the 
joint session. 

The Syndicate of Calcutta University has consi- 
ed the subject and has informed the authorities of the 
Indian Science Congress that Calcutta University will 
be glad to invite the joint session of the Indian Science 
Congress and the British As.sociation under their aus- 
pices and will recommend to the Senate of the 
University a special grant of Rs. 5,000 for the 
purpose. 

The University has been informed bv the authori- 
ties of the Indian Science Congress that the total 
expenditure to hold the joint session will b<^ .-iliout 
Rs. 1,10,000 towards which a contribution of 
Rs. no, 000 is cx])eclcd from the British Association 
and the remaining amount is to be raised in India. 

— The SfafenmaiK 

Lady Tata Memorial Trust 

’Pile* 'rriislecs of llic Lady Tata Miunorial Trust 
announce the awards of the following .scholar ships 
and grants for the year lO.'iO .*<7 : — 

I. International .Iwartls for research in diseases 
of the blond rcith special reference to Leithaemias. 

(1) Dn. CiiAiir.Ks Odkiimno of French Xational- 
ily. Professor .Vgn-gc of the Fa<*iilly of 
Medicine, Paris, and l.)ireclor of the Dejiart- 
ment of h'xpt'riinciilal Medicine in the Insti- 


tute of Cancer, Paris, to continue research in 
the Transmissible Leucaemias of hens and 
their relationship to the Sarcomas, under the 
direction of Professor G. Roussy, Professor 
of Pathology in the Faculty Medicine, Paris. 
(Grant of .£100 — Fourth Year's Award). 

(2) I)k. Ji’Lirs F.NCiRr.iiKiiTii Holm of l)ani.sh 

nationality. Scientific Assistant at the Finsen 
Institute, Copenhagen, to continue research 
on virus of hen Leukaemias together with 
Therapeutic iiivcsligatinns. uiidi'r the din'ction 
of Professor Dr. f)liid Thomsen, Director of 
the Institute of General Pathology, University 
of Copenhagen. (Grant of — Third 

Year's .Vward). 

(3) Dh. LrcY Wills of British Nationality, 
Lecturer in Chemical Pathology at the Royal 
Free Hospital and Resenreh worker at 
the London School of Hj’gicne and Tropical 
Medicine, I.ondon, to continue, research in the 
Macrocytic nutritional anaemia of monkeys 
with reference to tropical macrocytic anaemia 
in men and also to iiivt'siigate generation of 
Mood hy yeast Irealmcnl and the chemical 
nature, of hat mopoictic fraction present in 
Yeast, under the direction of Prof. W. W. C. 
Toplcy, Director, Department of Bacteriology 
and Prof. H. Raistric, Director, Department 
of Hioeliemistry at the London School of 
Hygiene and Tropical Mcdic'inc. (Grant of 
-£K)0— Third Year’s Award). 

(4) Dll. M.\.v Otto K.a^luno-Joiicenskn of 
Danish nationality. Assistant in the Univer- 
sity Skin and V^?nelcaI Clinic at Copenhagen, 
to continue the study of Leukaemia and on 
the cultivation of leukaemia cells and myelo- 
mata *iii vitro,’ under the direetion of Dr. 
Albert Fi.seher, Director of the Carisherg- 
fondets Biological Institute. (Grant of £300 
— Third Year’s Award). 

(5) Phofkssoii EruKNE L. Oime of American 
nationality, Cornell University !Medieal 
College, New York, to eoiiliniie the w'ork in 
progress upon the Leukaemias lik<‘ diseases 
of fowls and tlieir relation to ueo))lasms, and 
to determine the nature of viriisrs producing 
leukaemias and associated neoplasms lympho- 
matosis, mvelomatosis. eiidothelioina. sar- 
eoinas, ele. (firant of £'100 — Sivond Year’s 
Award). 
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(H; I)k. Phil Kahi Hinsbkku of German nation- 
ality, Director of the Department of Cliemis- 
Iry, Pathological Institute, J5erlin, to investi- 
gate the metaholism of fat, copper and gluta- 
thione in leukaemias, under Professor II. 
Itossie, Director Charitc Krankenliaiis, Berlin 
University, Herlin. (Grant of X 3 00 -- -Second 
Year's Award).. 

(7) PiifiFKssou J. McIntosh of British nation- 
ality and of the Middlesex Hospital, T.ondon, 
to assist a eomhined elini«-al and pathological 
inv(‘stigalioii of human leukaemias. (Grant 
of £‘J00 First Year’s Award). 

II. Indian Scholarships of the value of Rs, 150 
per month each for scientific investiffations having a 
hearing on the alleviation of human suffering : 

(1) Mu. Maohaii ruANDiiA Natii, m.sc., lo con- 
tinue the Chemical and Biological analysis 
of Proteins of Indian Foodstuffs, under the 
direction of Dr. K. P. Basu, d.sc.. Bio- 
chemist, Dacca University. (Third Year’s 
Award). 

(2) Mu. Bamkanta Chakuaiiohty, m.sc., (Dacca) 
to continue the investigation of nutritional 
problems of Indian foodstuffs with special 
reference to Vitamin C, under the direction of 
Professor II. Ghosh, Director, Indian Insti- 
tute of Medical Research, Calcutta. (Second 
Year’s Award). 

(3) Mr. Nalin Bandiiu Das, d.sc., (Calcutta) 
to eontinue the work on the Oxytocic hormone 
and on Oxidation-Reduction systems in the 
body un«ler llu^ direction of Professor Szent- 
(jyorgyi at the Institute, for Medical Chemis- 
try in the University of Szeged, Hungary. 
(Second Year’s Award). 


(4) Mr. Tejendra Nath Ghosh, m.8C., (Dacca), 
A.1.1.8C. to continue the research on the pre- 
paration of New Anti-malarials under the 
direction of Dr. P. C. Guha, d.sc.. Professor, 
Department of Organic Chemistry, Indian 
Institute of Science, Bangalore. (Second 
Year’s Award). 

(5) Dr. Biuenoua Kumar Nandi, m.sc., pIi.d., 
A.i.e. lo continue the work on synthesis of 
anti-malarials on the line of plasmochin and 
atebrin types under the direction of Professor 
R. Robinson, d.sc., f.h.s., at the Dyson Perrins 
Laboratory, Oxford University, Oxford 
(Second Year’s Award). 

(0) Mu. HARnHA.TAN SiNOll MaIIAL. M.SC., 
Lahore, to work on the Role of “Choline 
Kstcrasc” in Physiology and Pathology and 
to continue the work on anthelmintics syn- 
thesis of substances and examination of Indian 
Plants having anthelmintic properties, under 
the direction of Dr. B. B. Dikshit, Depart- 
ment of Pharmocohigy, Ilaffkine Institute, 
Parle, Bombay (Second Year’s Award only 
for the first six months). 


Standardization of Intelligence Tests 

Elsewhere in this issue we publish a letter in 
which Mr. B. Ghosh has put forward a strong plea 
for standardizing intelligencT and vocational tests for 
Indian boys. We wish to draw the attention of the 
Indian psychologists to this very important question 
di.sciisscd in this letter. We hope that in near future 
some practical steps will be taken in this direction by 
the Indian S«*icncc Congress or the Indian Psycho- 
logical Association. 
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Cercospora Leaf Spot in Bananas 

Stiulies in llic leaf spot disease in Bananas lias 
been rejiorted in the Agrictiltunil Gazette of Xetc 
South Wales XLVJT Part I. The disease is caused 
1)V the fungus Cercospora musae Zimin. “The lirst 
indication of infection is the appearance of brown, 
longitudinal markings running parallel with the veins 
and scattered over the uiiper surface of the leaf 
blades. The spots increase in size up to \ inch or 
more in length, become lenticular to irregular in 
form, dry out and become black. I^ater the spots 
turn greyish white in the centre, but their margins 
remain black. At this stage many of the spots are 
surrounded by a bright yellow-eoloiircd zone or halo. 
Close inspection reveals the presence of black siw'cks 
in the greyish centre of the spots, and it is on these 
that spores of the fungus are borne in profusion.’* 

Seasonal conditions appear to play an important 
part in determining the severity of the disease. High 
humidities and temperatures as jirevail during the 
coolcT months arc responsible for rapid development 
and spore production. High temperatures and lower 
humidities keep the disease in check. 

Xo satisfactory method of control has liecn dis- 
covered. The use of fungicidal dusts and the removal 
of affected leaves and trash have been tried but with- 
out success. 

I. Jianerju 

Neutron Capture and Nuclear Constitution 

Very recently a number of interesting observations 
in connection witli collisions of neutrons with atomic 
nuclei have been made by Fermi and his co-w’orkers 
and also from some other laboratories. For their ex- 
planations the usual quantum mechanical picture of 
the nucleus has been found to lie inadequate as dis- 
cussed by Prof. Niels Bohr, in an address delivered 
on Jan. 27 before the Copenhagen Academy {Nature 
1S7, 344, 1986). Extreme sharpness of the lines of 
the emitted V- rays as well as the life periods of radio- 
activity produced by neutron capture shovrs that the 
lifetime of the excited nuclear states involved in such 


artificial activity is extremely long compared with llic 
lime required by the neutron in ))assiiig through a 
space region of iiiich'ar diincnsioii.s. 

This is explained by Bohr as duo 1o the sharing of 
the energy of the incident neutron by the nucleus as 
a whole and its rising to a higher energy state. 
Emission oec‘iirs in a later process when siifHcicnl 
energy is j)erehance eoiieeiitralcd on a })nrtiele at the 
surface of the niieleiis. 

Another observation is the selective capture of 
slow neutrons as against the eoiitiniioiis absorption of 
fast neutrons. This is explained by l^rof. Bolir as a 
quantum mechanical rtsoiianee pin iiomeuoii. The 
successive energy levels which are further apart at 
lower levels eh»se up together at higher levels. When 
there is eoineideiiee belvvieii the energy' of the ineidcnl 
iK'iitron and the energy dilfenmc** of two hovels cap- 
ture occurs. At lower excitations where sharp 
differentialions of energy levels arc possible, the ab- 
sorption is selective while at higher states of excita- 
tions, absorption is eontiiiiious as eiu^rgy levels are loo 
close to ber diirereiitiatetl. 

K. n. 

New Light on the Indus Valley Civilization 

A discovery of unusual interest has recently b<*.en 
made by Dr. licllmut dc Terra, the leader of the Yalc- 
Cambridge India Expedition and described in llic 
Miscellanea of the American Philosophical Society just 
issued. In the course of his excavations at the 
Megalithic site of Biirzahom near Srinagar in Kash- 
mir, numerous polished stone implements and a ‘black 
burnished’ eeramie ware w<*re found at a depth of 1 1 
feet from the grouiul level below a brieklain kitchen 
floor containing clay hearths. The pottery is similar 
to the 'band ceramic’ of (k'litral Eunjpc and regardt'd 
by Dr. de Terra to be late* Neolithic of approximately 
between 3,500 to 4,000 ii. e. It is signidcant that this 
‘black burnished' pottery is ulentieal with the black 
ware found in Mohenjodaro and not dissimilar to the 
black ware found mixed with the painted pottery 
of the earlier Chaleolithic perifnls of Baluchistan and 
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Persia. Mr. Paterson, another member <»f the Yale- 
Cambridfice India Expedition, has found it in a kileheii 
hidden in the lower Sind valley. 

'riiis important disisivery definitely establisht?s the 
exisleiiee of a late Neolitliie eiilUire underlying the 
Molienjodaro eivilizatiiui, linked up with the Megali- 
Ihie eultiire of Kashmir and N. W. India. The Indus 
civilization as disclosed in the upper strata of Mohen- 
jodaro and IIaraj)i)a may therebire be taken to he a 
later intrusion. How iiuieh the latter absorbed cultural 
elements from the former and how the two stood in 
relation to each other are questions that <*annot be 
settled until the Megalilhie remains of Sind, especially 
the neighbouring ones on the Horhi Hills, are excavat- 
ed. A careful exploration of the sites is therefore 
urgently called for. 

B. S. Guha. 

On Indian Culture 

Til the interesting presidential address to the hirst 
Indian Culture Confeniiee held recently at Caleiilla 
under the auspices of the Indian Research Institute 
(published by the Indian Research Institute) Dr. D. 
II. Hhaiidarkar, M.A., Ph.D., F.A.S.U., Carmichael 
Professor of Ancient Indian History & (hilliire in the 
University of C/aleutta, has lucidly pointed out the in- 
trinsic qualities of Indian culture. He has divided the 
sphere of remum^ into three periods, viz., ancient, 
mediaeval and modern. In course of dealing with 
the ancient period he has rightly remarked that “the 
art and religion that blos.somcd in India in hi.storie 
times were as much a legacy of the Chalcolithic 
Culture of the Indus Valley as that of the Aryan 
Culture of India.” (p. 10). llul the most interesting 
and important point which he has ably shown is re- 
garding the second ])eriod. It is a general belief 
among the ^•ducatcd people that the ^loslem rulers 
of India indiscriminately destroyed everything which 
is relaleil to Hinduism and that there was no bond of 
fellowship between the Hindus ami the Moslems dur- 
ing this period; but that this is a wholly mistaken 
conception of the Ilindu-Moslem relations has been 
rightly poinle*! out by the learned author. He has 
given many interesting and eoneliisivc c'videnees to 
show that there was a real fusion of Hindu Moslem 
thought and cull lire in this period. 'I’o lake a few 
c\ain])les, Xaiiak’s sermon, '* I here an* neither Ilimlus 
nor Musaliuans” and the iilteraiice of Raj jab, a 


Miisalman and the chief disciple of Dadu, tlie Hindu 
religious reformer, which runs, “All the world is Veda, 
and all creation the Koran" — point to this conclusion. 
Wc hope that some scholar will take up this i^roblcm 
suggested by Dr. Bliandarkar and w'ill w'ork up a 
thesis which will do a good deal in driving away the 
wrong idea about the Hindii-Moslcm relations. Deal- 
ing with the tliird period the author lias pointed out 
that India will become a nation with a responsible 
self-government through Pax llritannica. 

C. C. Das Gupta,, 

On a Line of Brahmi (?) Script in a Babylonian 
Contract Tablet 

In an interesting communication pub]i.shed recently 
(Journal of the American Oriental Society, vol. 56, 
pp. 86-88, pi. 1, 1936) Mr. G. V. Kobrinskoy of the 
University of Chicago desires to show' that there is 
a line of Brahmi(f) script in a contract tablet from 
Ilabylon w'hicli records the sale of a slave-girl and is 
dated in the 23rd year of Artaxerxes. He has referred 
this tablet to the reign of Artaxerxes I and therefore 
the date of this tablet becomes 411 n.c. As the pre- 
ceding four lines of the cuneiform contain names of 
apparently llabyloniun witnesses to this transaction 
of the sale of a slave- girl, the author believes that this 
line of Brahmi( ?) script possibly contains the name 
(or names) of a w'ilness (or witnesses) to this transac- 
tion. In this line there are apparently fourteen letters 
and he has suggested the follow'ing tentative reading : 
— ma kha ha ra kha da or do 7na ja or la mu . ta . . . 
He has further suggested that makha may be the first 
part of a name (compare pnli Mnkhadeva). In the 
concluding sections the author has remarked, “In spite 
of the difficulties here outlined, I am convinced that 
we have here, some kind of a Brahmi script, even 
though differing considerably from the, type found in 
the Asokan inscriptions. These difficulties can be 
easily accounteil for by the early date of our tablet.” 
(p. 88). He has rightly opined that the presence of 
a form of the Brahmi script in llahylon in this period 
docs not produce any difficulty as we know' definitely 
that the Indus Valley and sonic parts of the Punjab 
w’crc within the Persian Kmpin* during this period, 
'riiis inscri]ition is certainly unique and, ns the author 
himself admits, his reading cannot be taken ns final. 
I wish to draw the attention of all Indologists to this 
unique record for belter and fuller reading and iiitcr- 
■prclalion if that be i^ossible. 

C. C. Das Gupta. 
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Citrus Diseases in the Panjab 

According to Dr. Chaudliuri (/nd. Jour, Agric. ScL 
VI, 72, 1936) the following three diseases of the 
valuable citrus fruits (oranges, lemons etc.) are com- 
monly met with in the Punjab. (1) Wither tip, caused 
by Colletotrichum gloeosporioides, (2) chlorosis and 
(3) sooty mould. The wither lip disease, which is 
found all over India as a minor disease, has become a 
major one in the Punjab where it is even e])idemic on 
“santara” and “malta” oranges. The chief symptoms 
are a gradual withering from tip downwards and drop- 
ping of fruits. Trees previously weakened by un- 
favourable soil, low h'mperature and frost, are special- 
ly liable to be attacked and the injuries arc generally 
severe if accompanied by other fungi. Four strains 
of the causal organism have been found and they show 
decided differences in virulence and growth in artificial 
culture. The fungus lives on dead twigs and can 
be kept at ()°C for more than one and a half months 
w'ithout injury. Pruning and burning of diseased 
parts arc, therefore, necessary as salutary measures. 
No resistant variety has been found but a susceptible 
variety like “malta” becomes somewhat resistant when 
grafted on “kimb” as stock but remains susceptible 
if the “khalla” variety is used as the stock. The 
varieties “khalli” “lurang” “kimb” and “eureka” are 
recommended as suitable stocks for “malta” and “san- 
tara” oranges. Spraying with Hordcaiix-oil emulsion 
shows marked improvement with fruitfall checked 
and in a trial experiment with 330 plants sprayed 
with 325 gallons of the fungicide, the cost including 
labour worked out at 9 pies per tree. In chlorosis the 
leaves become mottled and drop d<iwn early. Spraying 
with a .0001% solution of ferrous sulphate gives good 
results. The sooty moulds do no damage but the 
affected fruits taste bitter and Hordeaux mixture is 
the preventive. 'I’hc naming of the Indian varieties 
of this fruit by Prof. Tanaka may be helpful in clear- 
ing the confusion existing about the identity and 
classihcation of these. 

A. M, 

Teracottas from Patna 

In an interesting coininiinication entitled “Terra- 
cottas dug out at Patna" (Journal of Ihr Indian 
Socivtij of Oriental Art, vol. III., pp. 12.5-26, pis. 
XXX-XXXIl. 193.5) Mr. K. P. Jayaswal M..\., Mar- 
at law, has described and illustrated .s<»me interesting 


terracotta figurines recently unearthed at Kadamkuan, 
Makarganj, Bhiknapahari, Mussallapur and Golakhpiir 
near the modern city of Patna. It is interesting to note 
that in Kadamkuan a Brahmi inscription of the Asokan 
age has been found at a depth of 1 1 feet. Regarding 
the important question of the Maiirya level at an<*ient 
.sites near Patna tlic author observes, “The general 
jMauryan level from earlier coin-finds (Golakhpiir 15 
feet) and other experiences of mine extending over 
twenty-one years at Patna is 14 to 12 feel.” On the 
consideration of this hypothesis .some of lhe.se figurines 
have been placed in the pre-Maurya age, others in the 
Maiirya age and one in the 2nd century a.d. One 
female torso (pi. XXXI.) is particularly interesting 
from the aesthetic point of view. 

C. C. Das Gupta. 

Phytin in Human Nutrition 

It has long been recognized that a large ])roportion 
of the total phosphorous of cereals and other vegetable 
food-sluffs may be pre.scnt in the form of Phytin, the 
calcium inagiiesiiim .salt of inositolhexaphosphorie acid. 
This compound has l)cen considered to be .so important 
that it is commercially manufactured and has Iwxn 
widely recommended and accepted as a tonic and as 
a readily assimilable form of ]>hosphorous for human 
nutrition. But evidence has been accumulating in 
recent years that its phosphorous is not available. 

McCance and Widdow.son (Biochem. J., 29, 2694) 
have taken up the investigation of the fate of ingested 
Phytin on human subjects, two males and two females, 
'riie subjei'l.s were fed on diet whose Phytin content 
was known. 'Plie amount of Phytin excreted was quan- 
titatively determiiu'd by stool analysis, 'riu* authors 
claim that their experiment provides concrete evidence 
that fifty per cent of the Phytin phosphorous comes 
out in the faeces. The authors .slate that in their 
country (Kngland) where they live, on a varied diet 
and derive most of their phosphorous from animal and 
not from vegetable .sources, 80-100 ])er cent of the total 
pho.sphorous eaten is in available form. But in 
countries like India where cereals, either wdiolc or 
milled, eoiist.it iite by far the largest portion of the 
diet the total phosjihorous in the diet eonsumt'il may be 
a wholl y ineorreel guide l«> available phosphorous in- 
take. So even large amount of phosphorous taken as 
vegetables may be wludly useless from the point of 
view of nutrition. 

If. Banerjre. 
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RESEARCH NOTES 
The coming of Iron 

>\[an niiisL have coint; to know of iron through 
motroritevs. It was therefore thought to be conticeled 
with other tilings whieh fell from licaven : like the 
‘thiiiuler-stone’ it was sacred and of great potency 
against evil spirits. 'I’hcse arc the conclusions of G. 
A. Wainwriglit, w-riting in Antiquity, JO, 6f, 1936. 

Accoriling to the writer, iron is first met witli in 
P^gypt in about H.C. 3500 and at Ur (Mesopotamia) 
in H.C. 3000-3500. Hut in both cases, there is a 
good percentage, of niekel in the iron, which eonelusivc- 
-ly shows that the metal was of meteoric origin, for it 
is the iiielnsion of nickel which distinguishes meteoric 
from terrestrial iron. 'I’here are evidences for the use 


of smelted iron in Mesopotamia some time before 
B.C. 2800, but until B.C. 1100 iron was as rare here as 
in Egypt. Even in the first century A.D. iron was 
know'n to the Egyptians as the bone of the storm god. 
P'rom the 15th to the 13th centuries B.C. iron was 
introduced in Syria and Palestine. In Greece, though 
there was occasional use of the metal in B.C. 1500, 
the passage from bronze to iron took place in about 
B.C. 1100. But in Asia Minor iron was common from 
the 20th century B.C. and there were some peoples 
Tvho made iron-working their national industry. From 
this country the use of iron began to spread in all 
directions from at least B.C. MOO, as a result of trade 
and migrations. 

A. Ghosh. 


An Example to Others 


Sir Herbert Austin has given ,£250,000 for scienti- 
fic research at Cambridge, [.ord Rutherford, director 
of the Cavendish Laboratory, in expressing his grati- 
fication at tliis generous gift and recognition of the 
work done in the past by Sir J. J. Thomson and his 
colleagues at the Cavendish Laboratory, .said that 
the donation would give them an opportunity of build- 
ing a modern research laboratory and would also be 
of great value in helping to defray the lage expendi- 
ture required on modern research in physics, which 
often involved the use of apparatus on a costly scale. 
The first use of the money would be to build a labora- 
tory for the utilization of very high voltages, in order 
to carry out experiments on the transmutation of 
matter by highspeed particles and by radiation. The 
Times in a leading article entitled “A princely Gift 


to Science,” remarked that to say that the Cavendish 
has immensely increased our knowledge of Nature is 
to tell only half the story. “The physicist's work on 
the electrical conductivity of gases has laid the founda- 
tion of at least tw-o great industries — wireless trans- 
mission and illuminated signs. Measured by the lowest 
of all tests, the Cavendish has been a highly profitable 
investment. Industry in general can show gratitude 
to pure science in general by providing it with means 
for continued and expanded existence. That is what 
Sir Herbert Austin has done. He has shown wisdom 
as well as generosity by selecting fundamental re- 
searches for his munificence. His gift is an example 
to others.” 

— The Electrician. 
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Book Review 


Pheretixna (The Indian Karthworm).—Iiy K, X, 
JiahL (Second Edition), The Indian Zoological 
Memoirs on Indian Animal Tifpes Edited bif K. X. 
liahl. No. J. With 7 plates and 28 text- figures , 
lis. 1-8. 

This well-known memoir wliiiii was the first of 
the series of Indian Zoological Memoirs^ was first pub- 
lished in 1026 and has been widely used and appre- 
ciated during the last ten years. The new edition 
lliat has just appeared is more comprehensive in scope 
and contains much new material and several new illus- 
trations. The high standard set up by the first edition 
lias been still further enhanced in this revised edition. 

A notable addition in the introductory cliaptcr is 
llie. classification, with keys bi the families of the 
Oligochaeta aiitl subfamilies of the Mcgaseolectdac 
and a synopsis of tlie Indian species of Plieretima.. In 
lh(* dcseriiJtions <if the. various systems, a w'eleomc 
addition is an account of their pliysuilogy. 'I’he 
physiology of digestion is particularly interesting in 
that the saliva contains mucin and a proteolylie 
f(‘rm(uit; the mucin lubricates the food and the pro- 
teolytic ferment starts the digestion of proteins. 
Several ferments have also been found in the intestine. 
'l'h(* mierophotograph of a vertical section through the 
fir.st sixteen segintmts (p. 29) is excellent and shows 
the anatomy of this region at a glance. The accounts 
of the vascular aiui excretory systems are particularly 
full on account of the author’s own )mblishcd contri- 
butions. A diagrammatic representation of the paired 
iiephridia in Lumbrietts is an addition which will 
enable the elementary student to understand the re- 
markable diirercncc in the excretory systems of the 
two common earthworms of the West and the East. 

In the chapter on the nervous system, a fuller 
account is given of the nerve, fibres, and the diagram 
of the chain of the nervous elements in the nerve;- cord 
shows the simple circuit of impulses forming a reflex 
are as well as the condition of stimuli throughout the 
cord. The term “receptor organs” is rightly substi- 
tuted for the older term “sense organs” and they are 
described in a separate chapter as epidermal and buccal 


receptors and photoreceptors. On the conjugation of 
Eutyphaeus Dr. llahl presents his own observations 
published in 1927. ’I’his earthworm conjugates during 
the monsoon (July, August and September) and shows 
the simplest and the most direct method of transfer- 
ence of sperms known in earthworms. In Pheretima, 
however, the processes of conjugation and cocoon for- 
mation have not yt‘t been followed but cocoon forma- 
tion probably takes place throughout the year, if 
tluTc is sufficient moisture in the soil. The chapter 
on Ilionomies, Distribution, and Itelationships givf:s 
an .ailerpiatc i<fea of the life «»f the earthworm as a 
whole and the photographs of the eastings of 
Phereiima and Eutyphavus are particularly inter- 
esting. 

These valuable memoirs, of which five have so far 
been published, are now a regular feature of teaching 
ill Indian zooh)gical laboratories and truly form a 
laiulmark in Indian Zoology. The author-editor 
dese rvis to be congratulated on the j)uhlication of the 
Second edition of his own memoir and on hi.s very 
sucees.sful editorship of the whole scries. 

II. n. Mehra. 


A Text Book of Heat (for beginners ) — Hy 

E. 1. (.thoshf M.Sc.f Published by the Indian Press 
Limited, Allahabad, (pp. JdO | 260 ill usi rations) 

Price 2-8-0. 

Mr. K. P. (ihosh who has already written a niimbe.r 
of text-books for the intermediate science students 
has made thi.s fre.sh endeavour. The gt*neral gct-iip 
of this text book of heat has very little to be com- 
mented upon. 'riie ])riiiting and quality of tlie 
illustrations call for s])ecinl praise. 

Mr. (ihosh introduces his subject with a brief 
review of the kinetic theory of matter anil in the sub- 
sequent developments has chosen kiiielie theory to 
be the corner stone. It is no doubt a very reasonable 
standpoint for the development of the subject of heat 
for beginners, but the iiitrodiicLioii of the Brownian 
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tiK^lioii al the viTv outsi t siciiis to hr too much for 
the vouii'if learners who have crossed over the llireshold 
of the school Hnal or malrieidation examinatioii. 

'I'he chapters on llierinoinetry. ealoriinelry, and 
expansion of solids have heen very nicely develo|)ed 
hut the reviewer fails to iiiiderstand why Lavoisier’s 
experiinriit has heen omitted. 

'The chapters on ’Heal (Jases’ and * 1 i ysrrrimetry’ 
(dealini^ with the study of foju's. etc.) semi to he the 
hesi written chapters in the whole treatise, 'rile des- 
cription of \arioiis methods of li(|uefael ion of ^a.ses 
and thi'ir gradual stai^es of development have heen 
arranired in a vi-ry methodical way : esp('<*ially, tin* 
para,i;ra))h on the ti‘m))eratures hilow K i^ives v<‘ry 
inlereslinj^ recent results. 

In the wh(de hook only one hloek ilhisl rat in^ the. 
land hree/e (pa«i:e seems to he very disappoint- 

ing!:; H does not carry any inijiression to the reader. 


In treating the snhjeet of conduertion and convec- 
tion, the author seems to have spared the students a 
good deal of learned discourses and advanced intdhods. 

'riie chapter on Heal Kngines which lias tn'cn 
written hy one of the former students of the author 
.seems to eonlairi more material than is n'cpiired liy the 
tlegrei* students of some of the Jndian universities. 
The reviewer fails to understand (he merit of the 
itifdiision of the indicator diagrams (given within 
parantheses ) without attaching its proper theoretical 
importance. 

'riie text is phasaiit to read and gives an iip-to 
date review of the main principles of the suhjeet. 
On the whole, a text hook of this type— a text hook 
in the true sense of the term — should he weleoined hy 
teaelu rs and stiulents alike. It may he hoped that the 
hook will prove to he very popular among the inter- 
mediate .seieiiee .students of fndian colleges, for whom 
it is meant. 

II. P. I). 


In SeiKNcK .\.N!J Cri/ri'iiK, /, jiage 77i), 2nd eoliiinn. 
line 15 for “a less” read “an”, and in lines 17-18 for 
"curative value deficiency” read '‘curative value for 
vitamin dcfi<’ieiu*y”. 

fn the lahlc on the next page (780) the figures 
in the tith ami 7th cohiiiiiis, from line 1!) onwards 

((i2.5, 82 81.5, H2) should he shifted a little 

to tlu- right so as to bring them under the dates 
21. [..‘Hi .'ind :1.5.;H}. 
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LEHERS TO THE EDITOR 

were intereated to examine the effect of tankalu seed 
extracts on fish. 

It was found that 0.1% of seed powder in tapwatcr 
killed fiahcB like tengra, shing and kai within thirty 
minutes. 

In another set of experiments the powdered seeds 
were thoroughly extracted with ether and the effect of 
the oil free seed powder was found to be even more 
effective in killing fish. 

In a further set of experiments the ether extracted 
seed powder was exhaustively re-extracted with boiling 
rectified spirit (91%). In this case the seed powder, after 
alcohol extraction, mixed with water, had absolutely no 
toxic effect on the fishes. 

The Alcoholic Extlract.— The alcohol was thoroughly 
removed and the residue dissolved in water to 0.02%, 0.01% 
and 0.002% strengths. The results are tabulated below : — 

Strength of Solution. Time taken to kill a fish. 

0.02 % 17 minutes 

0.01 % 18 minutes 

0.002% 60 minutes 

From the above details it will be evident that there 
is a powerful toxic principle in the sankalu ‘ secils ami 
that this is completely removed by boiling alcohol, leaving 
the powder perfectly harmless. The toxic substance is 
soluble in water and answers to some of the saponin re- 
actions. 

It may be remarked in passing that chhola powder is 
perfectly harmless in this respect. 

Further details will be published later on. 

H. N. Nag. 

II. N. Banerjee. 

A. K. Pain. 

Bose Research Institute Laboratories, 

Falta and Calcutta. 

10-6-1936. 

1. Nag, llancrjce and Pain. Sciknck and Cri.TrRi5, i, 

779 1936. 


Raman Effect in Rrsenates and Heat of 
Dissociation of T\s—0 

Since the discovery of the Raman Effect, several 
organic and inorganic substances have been studied from 
time to time with the object of interpreting the frequency 
shifts in terms of their constitution. The co-relation of 
the frequency shifts in the case of inorganic compounds 
with the groupings of atoms and their characteristic 
oscillation frequencies was first brought abovt by the 
works of Prlngshicm, Rosen, and Carelli' on several 


inorganic nitrates in solution, since then the same results 
were virtually obtained by other investigators. 

As regards the investigation of salts containing ion 
of the type X04, it was carried out successfully by 
Krishmurty* and others, but a few gaps. i.s. (Aslk etc.) 
still remain to be investigated systematically. 

Recently we have in 'es^Jgated a number of arsenates 
in solution. All of them give identical Raman lines, thereby 
clearly pointing out that they are due to the AsOi ion. 
Four lines appear in all one of which is strong correspond- 
ing to a shift of 837 Cm-* and two others at 349, and 
465-* of medium intensity and another very feeble at 878. 

If we compare the result with that of SO 4 ion we find 
a close resemblance between the two. Presumably like 
the sulphate ion, the arsenate has a tetrahedral structure 
— the four O forming the corner of a regular tetrahedron 
with As at the centre and the four Raman frequencies 
would then correspond to the four fundamental modes of 
vibration dynamically possible for such a model the 
strong line corresponding to 837 Cm-* is due to the totally 
symmetrical vibration of the tetrahedral model. 

In the usual vray, we have calculated the heat of 
dissociation corresponding to the bond As— O, it came out 
to be 112 K Cal. per mnl. in splendid agreement with that 
deduced from the known thermochemical data. (110 K. Cal. 
per mol.) 

Details will be published in due course. 

In conclusion, the undersigned thanks Prof. S. N. Bose 
for his kind interest in the work. 

S. M. Mitra. 

Physics Laboratory, 

Dacca University. 

11. 6. 36. 

1. Zeit. Pky. 5 /, 51t, 1')2S. 

2. /nrf. J, Phy. 5, >33, 1930. 


Pruit Storaac and Transport 

This note i.s intended to draw the attention of the 
fruit growers to the desirability of starting research work 
in this country on the preservation of fruits. Take for 
exiimple, mangoes or guavas, if these fruits can be 
stored for ove rsix months and transported elsewhere, then 
the fruit growers will obtain more money from the same 
amount of fruits. Imagine fresh mangoes selling in winter, 
or fresh guavas in summer, or mangoes and guavas being 
transported to various countries. Oranges will also be 
greatly appreciated in the months of June and July. 

One way to make use of surplus stock of fruits is to 
make jellies and chutneytt, but these do not pay as much 
as the green fruit. Hence some method should bo devised 
to preserve the fruits over a long interval of time at a 
place from where transport is easy and is carried out under 
suitable conditions. 

Much of the progress in the fruit preservation industry 
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in England is due to the researches carried out under the 
guidance of Food Investigation Board to which is attached 
the Department of Scientific and Industrial Research 
Leaflet No. 6 recently issued by the above Department 
gives complete details of winter storage of apple crop by 
means of **ga8 storage" under suitable conditions of tem- 
perature. It is now fully established that if both the 
atmosphere surrounding the apples and the temperature 
are controlled very adequate storage conditions can be 
provided when certain precautions are taken. Control 
of atmosphere enables oxygen supply to be cut down, 
and the carbon dioxide supply released (exhaled) by the 
respiration of the apples to be maintained at a suitable 
level. The slow respiration doubles the lifetime of the 
apple in store and the carbondioxide maintains the original 
green colour when the temperature is kept at about 40" F. 
By the above process of preservation, apples, pears, 
oranges arc preserved for months and released for irans- 
port in refrigerated vans. I have described only the 
Board’s outline of the process, there arc still many minor 
details to be worked through before it is a complete 
success. For instance there is always a little amount of 
softening of the apples in storage, and the rate of softening 
depends upon the time of picking the fruit. 

It will be observed that through the results of 
researches it has been possible to satisfy the palate and 
fetch more money for the same commodity. In applying 
these result to the cesc of mangoes, guavas, granges, or 
apples in this country, some amount of research is 
necessary. Whether it is possible to preserve the fruit 
simply by refrigeration or by "gas storage" ; there is no 
doubt that high teuiparture is a potent cause for the small 
life of the Indian fruits but we have to see that the fruit 
ripens, and then it has to be preserved. We have to find 
out the optimum value for the temperature, and the best 
supply of oxygen. All tbc.se problems have to be investi- 
gated before any definite process is evolved. The main 
.apparatus for research is a refrigerated ch.ainber which 
is very difficult to provide in any laboratory. Sir Fr:«nk 
Smith, Secretary to the Department of Scientific and 
Iiidu.strial Research, mentions that five coolers specially 
made to complete the equipment of the refrigerated 
ehamber ,were presented to the Depjirtmcnt by Messrs. 
J. E. Hall Ltd., Refrigerating Engineers. In this country 
unfortunately we have no such manufacturer of philan- 
(rupic mind. Hence the whole work has to be organized 
by the Fruit Growers Association or local bodies if they 
desire to help the local in<lustry. To complete the work 
the co-operation of physicist, botanist and chemist is 
needed. It may be mentioned here, -work on the effect of 
c.arhon dioxide gas on the ripening of tomatoes and apples 
etc., is being carried on in Allahabad and Benares Univer- 
sities. 

R. N. Ghosh. 

The University, 

Allahabad. 


Standardization of Intelligence Tests for 
Indian Boys 

In his Report on the solution of the Unemployment 
Problem, the Rt. Hon’ble Sir Tej Baliadur Sapru has 
rightly laid a great stress on the reform of the Educa- 
tional System. He believes that many w'ho receive 
university education do not profit by it and only add to 
the congestion, and so he wants to divert a number of 
youths to other useful vocations before the university 
standard is reached. He has further advocated the use of 
Intelligence Tests and such other kindred devices to 
determine the siiitability of a particular box's profession 
and also his predilection for a vocation. 

The suggestion is no doubt a vt?ry wiso one and will 
surely go a long way tow’ards relieving the congestion. 
But the greatest difficulty in the way would be the 
absence of such tests in India. There are tests and tests 
in England a/»d America some of them excellent in their 
own way. There are the Binet-Simon Tests for individual 
testing, the American Army (.\lpha) Tests, the National 
Intelligence Tests, the Tcrman Group Tests, the Haggerty 
Group Tests and the Stanford Revision Tests in America. 
Burts Testa, the Northumberland Tests of Professor 
Godfrey Thomson, the Columbian and Chelsea Tests of 
Dr. Ballard in England all these are extremely good and 
very W€*ll tested. Unfortunately nunc of these can be 
adopted in to for our purpo.so.q. The language difficulty 
is the most obviou.s, hut not the most insuperable, diffi- 
culty. The circumst.'inees differ, environments aro not 
the same, achievements of western boys and our boys 
at the same age are f.ir different these difficulties have 
to be taken into consider.*) t ion. 

What w’o need, therefore, is a standardized tests 
suitable for Indian boys. This task is not an easy one. 
Jt re<iuires a wide field for experimentation and 
experienced psychologists to work out the details and to 
prepare a complete test. Individual psychologists may 
lake up the w’ork, but vei*y probably the W’ork will be 
better and more easily domj if a group of scholars under- 
take to do it. Sufficient data have to be collected, ques- 
tiunanaires have to be issueii, tests on a large scale have 
to be held and thus only a sound and reliable series may 
be arrived at. The Psychology Section of the Indian 
Science Congress or the Indian Psychological Association 
will do a re.*!! service to the country if they help in the 
task by taking the load in the matter. 

This, Sir, we believe to be very necessary and urgent. 
In all branches of scienee Indian scientists have made 
researches and conti-ibutions and have left their mark. 
Psychology is a neglected branch and India has little 
to boast of her contributions to it. It is time that our 
psychologists did something. 


Bimalanda Ghosh. 

Benares. 

IS. C. :;6. 
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Ultra-Violet absorption Spectra of some Para- 
magnetic Salts in Solution and the Mature 
of Chemical Linkage in them 

Previous works by the author ’ on magnetic properties 
and absorption spectra in the visible ref^ion of paramag- 
netic halides of the iron group in solution or in the form 
of crystals, have shown that under different conditions 
(different temperatures and different solvents) two types 
of aggregates may be found, i-/';., (i) ionic: c;omplexes 

where the paramagnetic: ion is surrounded by a dc:finito 
number of dipole molecules and (ii) undissociated para- 
magnetic halide* molc'crules. The author has now studied 
in colluboration with Mr. M. Deb of this laboratory, the 
ultraviolet absorption spectra of solutions of CrCh. Coda 
and NiCh in ll.'O, et. alcohol and excess of HCl at diffe- 
rent tc»mperal ures, using a hydrogen discharge tube as the* 
continuous source* and a ciuart?: Fue.ss .speefograph. It has 
been observed that in aqueous solutions of these salts the 
edge of continuous ubscjrption is on the shorter side of 220 
in/i and shift slightly tow'ards longer wavelength side with 
Increase of com:cnt ration. On the othi.*r hand for the 
same concentration of the salt and under i<lentic‘al condi- 
tions cjf experiment, when a .solvent with lesser dieJcjctric* 
constant e.g., pure anhydrous of .alcohol is used, or when 
an nxc-'ess of HCl is added to the aejueous .solution, the 
edge: of continuous absorption is shifted largely towards 
longer wavelength by several thousand wave numbers. 
A study of the absorption speetra of these latter solution 
at different tcmp<»rat urc»H again reveal that at low tc»m- 
peratures ( HS 'C) the edge of continuous absorption shifts 
back towards the shortc;r wavc*lcngth side by several thou- 
sand wavenumbers. The following table for CoCh will 
indicate the behaviour of the absorption spectra of these 
salts under different conditions. 


Substance 

Solvent 

Cone. 

Temp. 

Edge of 
continuous 
absorption. 

CoCli 

HaO 

IN 

::o c 

226 m 


HCl (ION) 



2S0 


et. alcohol 


,, 

267 .. 


HCl 17 N) 

.fiN 

+(K)'C 

275 „ 


,, 

,, 

-115' C 

210 .. 


et. alcohol 

.. 

-f-tiO.C 

270 

,, 

,, 


-115 C 

240 .. 


The absorption in the ultraviolet region for the 
paramagnetic chlorides In different solutions is to 
be ascribed to the Cl ion which under different condi- 
tions form, different types of linkage with the para- 
magetic ion. From the observations of Franck and 
Scheibe* on the ultraviolet absorption of alkalihalido 
molecules in the form of vapour and in solution, it is well- 
known that the edge of continuous absorption in the 
ultraviolet region is shifted considerably to the longer 
wavelength side in the case of Nal vapour where I forms 
undissociated molecules with Na, in comparison with the 
same in the case of the solution where I is dissociated as 
negative ion. From analogy, it may be concluded that in 
the aqueous solutions of paramagnetic chlorides where 
the edge of continuous absorption is at about 220 m ft 
the latter must be predominantly dissociated and the 
absorption is mainly duo to Cl ions. The shift of the 
absorption edge towards longer wavelength side by 
thousands of wave numbers in the alcohol or acid solu- 
tions. may bo explained ns due to formation of undisso- 
ciated molecules in such cases. Similar con.<iiderations 
lead Ui the conclusion that in et. alcohol or HCl solu- 
tions though at higher temperatures the paramagnetic 
chlorides exist as undissociated molecules, at consider- 
ably low temperatures they di.ssociate into ions and con- 
sequently the absorption edge shifts back towards the 
shorter wavelength side. 

The above conclusions regarding the nature of linkage 
in the paramagnetic chlorides are fully borne out by 
previous works carried out by the author' on different 
lines. The details will be published in the rhiiosophiatl 
Magazita. 


S. Datta. 

Palit Physical Laboratory, 

University College of Scient.-e, 

Calcutta. 


1 . Phil, Mag,, 17, 1 1 00, 1 0.Vl 1 1 2 1 , 1 935. 

2, Ztit f, Phyn. K^hnrn., 13, 22, 192{<. 
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\Vk ol1i»r niir rcspi'ctful to Sir Pnil'uUa 

(liMiuli'ii H;iy on llio occa.'^ioii of his s<*vciityliflli 
hirtliiJ.My. IJis lias Iwf'n truly a life of .•^orviro and 
sarritico. A lilV of liiicli ciMloavonr is always wt‘11 
worth ri‘latinjf; hnt in hi.s case }rr<'atn<‘ss has boon 
coinbinod with inoro than it.^ r({nival<Mit of ^[oodno.ss; 
and no nobler I'xaniplo can be jirivs^-iitcd to his 
coiintryiiKMi for their <>innlation. 

Ilari.'^h < 'handra Kay, fathi'i* of Sir IVafnIla, was 
a prosperous /einindar and a man of wide culture, 
who early iinliibed th(> lii'i'ctical idi'asofthe alniniii 
of the Hindu (.^)ile^'e, and was a pioniMM* in the 
■spread of ('dncatioii amonj; boys and eiils in his 
rural district of Klinina. To his sons, llari.sli ('liandra 
was a frii’iid and companion, incnicaliny: in thmn the 
princifiles of rational thinking and the ]c.s.Mins f»f 
dntifnliK's.s and patrioilsni by way of tcllinjf anecdotes 
from lives of }rn'a( men. IVafnIia Chandra joined 
the 1 1 are School in ISTD, but niifoi tnnati'ly in a few 
years his health was almost wrecked by an ob.-stinate 
attack of dysentery and he had to leave the .school. 
'I'he years of physical sntrerinjL!: were however, in his 
ea^(‘, yeai's of passionate home stndy ; and wIkmi 
after convalescence he joined the .\lbert School 
he was iincine.slionably the abhvst student there. He 
pa.s.sed the Kntrama* K.xainination in 1S7!) and joined 
the Metropitlitan Institution founded by Pandit 
Iswar ('liandra Vidyasa^ar. 

Tii the handicap of a fragile const i tut ion was 
now added the iMpially serious one of poverty, 'fhe 
family estates were rapi<lly dwindling into insigiii- 


licanci* dne to debts incurred by his father, but 
this only spurred young IVafnila to gr<*ater elVorts, 
W liile reading for his ilcgree, he was secretly pi*epai^ 
ing at home for the (lih hrist Seliolarship Kxaniina’ 
tion It was an all-India eoinpetition, and his success 
in 1S8*J gav(‘ him the chc?*ished opportunity for 
proc<*eding to hairopc for highm* studies in science. 
He joined the I’niversity of Kdinbnrgh, i>assed the 
M. Kxamination with physi(*s, chemistry, and 
ziiology, becami*, as he says, “passionat.i‘ly fond of 
cln'inistry'* ami obtainc>d tin* D. sc. degree in ISSS 
on tin* basis of a thesis in inorganic cliiMnist.ry. lb? 
was iionoiinsl in due coiir^ic by I he award of a 
spi'cial scholarship by the (lilchrist Ponndation and 
of the Ho|)e I^'i/e Scholarship, and also by <*h*ctioii 
as the Vice-President of the Mdinburgh Pniversity 
Chemical Sociidy. 

I5nt high honours at lhi» Cniversify, strong testi- 
monials from profc.-jsors of world-wide reputation, 
and powerful recommendations from wc*ll-wishers 
like Sir W. M. Muir and Sir Charles Jku'iiard 
were of no avail at the India < )l1ic(‘ in London; 
and the doors uf the Indian Kdiicational Sf'i'viee, 
which was almost an exi’hisive preserve for Kritons 
in those day. s, riMiiaincd scahsl to him. He returned 
to Calcutta in bSSS, and aft(*r a year of waiting 
he obtained the post tif an assistant profe.s.sor at 
(ho Pre.sideney (.'ollege, Calcutta, on Its. •J.’iO a 
month. Persons with far inferior qualifications wen* 
holding high appointments as profe.s.snrs in the 
riidian h^liicational Sr>rvice, and he naturally felt 



SIR PRAFUIJA CHANDRA RAY 

koiMiIy tlic injustice done to liiiii I)c(.*:iiisc t)l‘ liis r;ic(* 
(‘i>|(Hir. Ikit lie w:is (IctcnniiK^d to make the 
lii'st use* <»!' his np|»nrt unities. 

In Knn)|)(> the repniatioii nt‘ :i pl'nt’essnr depends 
more (in liis eajiai'ity tnr extimdinjj: tlie hounds of 
knowledjre rather than (»n actual teaehiii'^ work. 
Hilt ill India this traditidii was sadly hn'kiiiii:. 
Kroni the very l)eixiiiniii«r (if his career, I)r. IVafiilla 
Chandra Hay I'clt it t(i he his mission in life to 
brin^ this tradition of Kiimpi* into tin* the atnios- 
]ihere of Indian universities and to create an en- 
thiisiasm for research in his yoiiny: students. A 
stream of research work he«>;an to Ilow out from 
his laboratory, carrieil out either by hinis(‘lf or in 
eoilahorat ion with his senior students, and soon iiiach^ 
him well known throii^hoiit the sciiaitific world, 
'^riiese embraced a wide lield of inorijaiiic chemis- 
try, (hvdinii: mainly with the fn^itivi.* siibstam^es 
ealhnl nitriti'S and with (‘ompiex compounds of 
meivnry, snlplnir platimim, etc. Hrilliant though 
he is as a research worker h nisei f, Ik* believes that 
Ills yrreatesl achi(*v(*nK‘nt has been the foundation 
of tin* Indian School of (liemistry and of the 
Indian ('hemieal Soei(>ty. Of him as a teaeh(‘r of 
youth, as a (hnn inspiring him witii hie;li id(*als 
and the spirit of (‘on(|ii(*st in the domain of know- 
led^(*, Habiiidranath thus sp(*aks: 

“It is st:it(*(l in tin* Ujitnishads tliat the Oiu* said, 'I shall 
b(.* maiiv.’ Th(^ hej^iiiiiiii.n of cresirinii is a nunc towards 
self iniiMohitiuii. Aehaiya Frafiilhi Chandra has hcciiiiie many 
in his .Students and has made his Invirl alive in the h<*arts of 
many. .Viid that eonid m^t ha\e heeii at all jiossihle, had he 
not unreservedly imule a ;;ifl of himself. This jiower of erea- 
lion having; its ine.ejition in .self saerifiec is a divine power. 
The j»loiy of this power in the .-\ehar\ a \> ill never he worn 
out by decrepitude'. It will extend further in lime throiij;h 
the ever-j.!:rowiiijj iiitelli,i;eiice of youthful hearts ; by steady 
perseveraiiee they will win new treasures of kuowle<l”e.” 

After ‘JS yesir.s’ netive service in the Presidency 
(Villej^e, he retired from (Jovermneiit S(*rvice in 
lilKi. ^J'lii* severance of (*onnectioii from the (\illeire 
was extremely painful to him, but he found a Ijir<;er 
.sphere ol work as I)irect(»r of the t'hemieal Labo- 
ratories ol the I niv(*r.sity ( 'ollej^e of Sci(*nce founded 
by Sir .Vsiilo.sh Mnkerjee with the princely (‘iidow- 
nicnts of Sir 'farak \ath Palit and Sir Hash Heliary 
Ghosh, h'or the lust tift(‘(m year.-!, his salary is beiny; 


entirely spent for improving the efinipirient of the 
laboratories and maintenance of H(*seareh fellowships. 

Great as lie has lieeii as a teacher and r(*seaivher, 
he has also proved a most, sneeessfiil man of action, 
lb* lias be(*ii r(>s[)oiisibl(* foi* e.stablishing many in- 
dustrial eiit(‘rpris(‘.s, of whic'h the creation of the 
I>(*ngal (’hemie:d and Pharmaeenti(‘al Works is tlie 
mo.st r(*markabl(‘. When as a young D. .s(*. of 
Kdinbiirgh, he was trying to secure an appoint- 
iiK'iit in the Kdiication I)(*partm(*nt, the l>. J*. I. 
told him once that if he was such a clever chemist 
why he did not start iiidiistri(*s and in tin* fulness 
of tiiiK* ke(‘p m(*n on the salary of a l>. r. 1. as 
his a.ssi.staiit.s. The young Profe.ssor fell that the 
(‘h(‘ap and iimnmerable raw mat(*rials of Ik'iigal 
(‘oiild i)(* eoiiv(‘rt(‘d into costly tiiiislK*d products 
with th(‘ aid of IIk* .scieiililie knowledge that Ik* 
(‘(immand(‘d. Cimith'd, and with a (*apital of a few 
hiindn'd riip(‘(*s .simmI from his .^iiiall .salary, la* 
began th(* pr(‘par:ition of pharmae(*iiti(‘als at his own 
hoiiK*. His duties at eoll(*g(* wen* exacting ; his 
V(*s(*areii work in tin* laboratory eontinm*d (*very 
day from lt)-.‘>t) A. .m. to o p. m. ; his health was 
milch bchuv normal ; lint the will to aehievi* siiece.'is 
as an industrialist was iincom|n(‘rabh‘. In a few 
years, the hoiis(* at 111, I ppi*!* (’ireiilar Hoatl, except 
for tin* ])ed room which In* o(‘eiipii‘d, had IIk* ap- 
p(*a ranee (da factory. Ilis pharma(*(‘iitieal |>r(*[)ara- 
tioiis .soon .s(*eiir(*d a W(‘Ii-nK‘rit(*d r(‘(‘ogiiit ion and 
the- bnsiiK'ss rapidly (*xp:inded. In liUTJ, tin* Hen- 
gal (’hemieal and Pharmaceiit ieal W'orks was eon ■ 
V(*rtc’d into a limited concern with a capital of 
1? lakhs of riipeo, and Sir Prafnila made over his 
share in the eoiicern to a li’iist created for eondue- 
tiiig a High School and other bciieliceiit activities 
in his native di.sirict of Khulna. Today IIk* 
H(‘iigal (’'lK*niical and Pharmacciiti(*al Works, with 
bis niifailing lK*lp and guidance, has a (‘apilal of 
over 50 lakhs (d' riii)e(*s, boasts of having the* biggest 
siilplmri(‘ acid plant in Asia, and pays its manage*!* 
something like Hs. d0,000 a year. The l>. P. I 
was a prophet ind(*(*d ! India is a land of wonder- 
ful ineongriiitie.s. That a man of childliki* simpli- 
city — a man who abhors ac(iiii.sitiv(‘nc.s.s and l(*ads 
a life ot ascetic s(*lf-d(*nial — should yet b(*. in.striimcn- 
tal ill creating the* wealth of a nation is perhaps a 
for(*-t4i.stc of the New Order which Providence 
has in .store for ns. 
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Stiicl<'iits :ni(l l*ri(.‘ii(ls of Sir i’rafiilhi have* always 
felt tliat the patriot in him lias proven ted tin' ftillost 
nsili/ation of his ^onins as a rosc^arohor and an 
industrialist. The om; passion in his life has boon 
an anhait lovt* for his motluTland. lie has r«Mt<*- 
ratod from hniidn'ds of platforms his oonviotioii 
that “n'soandios can wail, industrii's ran wait, but 
Swaraj oannot wait.*^ '^I'his passion has boon tho 
dominating foroo in his life. W'liilo \ot a stiidonf 
at Ivlinburjirh, ho wrot(» a book on Iml/n hrfine 
fluff fific.r the Mitliuff and drew point(Ml attontion 
to tho disabilities and y;ri(‘vam*(‘s of Indians iindor 
Ih'ifish rnlo. Ifi.v llislunj uf lliiulu ('hriuisinj in two 
voliimivs was tho ri'snlt of a lon^ and painful 
rosoaroh oxtondiny; ovor a period of about ton years. 
It has oarnod for its author a ‘•n'al reputation and 
has l)oon aooiaiuK'd as adding a very intf^rostin*; 
oliaptta* to th<‘ history of st'itMK'os and of tho. human 
s\)irit. In this solf-imposod task, Sir IVafulla was 
jruid<*d by the hop(» that a ro<lis<*<ivory of tho past 
ini^lit brinyr <*onfidono<! in tho future. Tina* and 
ajrain, wo timl tho soi('nti<l layinjr aside his tost- 
tub(‘ aii<l h'adin^ yiroat movomonls for tho ndiid* of 
the distressed and proai-hiiiy: now ideas for tho moral 
an<l material progress of his ooiintrynaMi. A man 
of with* oidtun*, iniorostod in almost all aotivitios 
of human life, ho has o<imo to oooiipy a iiniqiio 
position in tin* politi<‘al ami odiu'at ional woiid of 
lkMiy;al. Liviny: a. life of sovi'n* asoolioism, s|)faidiny: 
whatever In- has for tin* bonolit of tho pnor and tho 
opprossi'd with instiiiotivo shroAvdn(*ss and an 
imuNiial do€ri*<.|. i,f oomnioiisonso, h<^ has always 
justitiod the (‘uoniions oontiilonoo which his ooini- 
trvMM'ii place in him. Mis work in oomio<*lion with 
the North IkMiyfal h'lood of 11)*J*J, whoso havoc 
is yet. fresh ill i ho memory of many, has thus boon 
d<-soribod by tho s]M*oial oorrospondont of the* Mffu- 
f’hcstf;}' (iuftrdhnt : 

“111 these cireiimst.'ini'c*s, a professor of chtMiiislry, Sir 
P. C. Ray, stoppcfl forwanl ami eallod iijioii liis iMaiiitiy- 
iiien Ui make the ( iuveniiiieiit'N oaiissitiii. Ills call 


was aiisweriMl wilh eiUhnsiasm. Tlie piihlie i*f IU'ii,i>aI in 
one iiioiitli {^.'ive tliree lakhs of nipi i's : rioli women yiviii» 
their silk ami ornaments ami the poor yivinj^ their spare 
>'armenls. Ilnmlrods of yoiin.v; men vohiiitei-red to );o flown 
ami carry out the ilisii ilmtioii of relief to the villayeis, a 
.a task whieh involved a e(»iiM«leral)le anmiint (»f hard work 
ami bodily discomfoit in a malarious ('oniitry. ” 

Tho ontlmsia'^m of (ho ro>pims<* to Sir IV (V Kay\ 
apponl was due partly to (ho I>ony:ali's nainral 
desire to sooro oil’ the |nroiy:n ( rovi’rnmont, iiartly 
to «jroniiino sympathy with tho siilVorois, but very 
larooly t<» Sir IV (V Kay’s remarkable p<M'snnality 
and position, lie is a real ory;aiii/or ami a hmI 
toaolior. I hoartl a hinropoaii sayiny: : 

“If Mr. (lamllii hail been able to create twi» more Sir 
I*. C. Kays, he woiiM have siiceeeiied in itettiii" swaraj with- 
in this year. ...He i.s too w.it m-b1oodeil and <‘mrr*4etie il 
man tfi make a perfeeilv fail critic (of ( toveniment ). lint 
any man wlii> feels ayi^riexeil by Iii.s crilieism has at least 
llie sali.sfat'tion of know in that unlike .si> many eritios 
Sir P. C. Ray woiilil never shirk takiiij; on the joh him.stdf, 
if the ehances w»*re olVenal him, and if he diil take on the 
joh, he wfUild like to ])Ul il thioiii;h alamt as well as and 
perhaps a little helter than aiiyhi*ily else." 

I lonoiirs hilvo ooiiio thi(‘lv on liiin, but iiom* ho 
prizes more than the (‘mloarinj^ opilliot of ’VVoharyya” 
whi<*h his ooiiulrvmoM havo always associated with 
his name. Two years ayo, ho was oloolod an 
Honorary ^^•llow of the (’liomioal Sooioly of liondon. 
Si'' Howland Hopkins, lv\>Kro.‘.idonl of flic Koval 
Society, ami IVof. ( ’. MaUiiion, .Member of tlio 
ln<titnto fd' I'Vniioo, wore the uthor two recipients 
of the honour on tlia( oeea.^ioii. 'I'iiis appreciation 
of his ."orviees liy Ids fellow elieiiii.-ts of the Krilish 
Kmpire has loiu'lietl him iloeply. 

We may well eoiielmli! this short sketch with 
the eloiini'iit tribute of Knd. 1 lebaprasad Hhosh 

“It is the radiiinee «if hiM* .iinl sellless (hwotioii that 
has iiivesteil .Xeliarya ka\ tlie student, the savant, :iml the 
man of ai'tion witli a halo iiit'llabh*. It may imleedhesaid 
of him that in him have blemletl .//Mom, Karma, and 
the irijile fniitifiii i>f a hai iiioniiais life. May Ihi.s 
hle.ssefi life bi* spareil bn- a hmy time \ el to .-.erve at once 
as a beneoii li;.;ht ami a eoiiibirt to his admiriny ami 
adonii.!4 count rviiieii !" 
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Earth Leakage Protection on 
Consumers* Premises 

T. C. Gilbert 

CliartrmI Kl<*i-trifal Kn;;ini‘er. I'olkustone. 


ICvK.N inni'c iiiiportiiiit tliMii llio iii:i(t(‘rs <lisfiiss(Ml 
in Illy ):ist :irtirl(‘ is tin' pnivi^idii nf :i(|(‘i|n:i(r 
prntci'linn nn tin* coiismmTV instnl- 
latioii. 'rii(‘ iiiMinnoiiiit.'ililr (litliriiltics ai^xiciatfil 
with tin* appliratinn nf .•snliil (>ar(liiii«r iti 

rural an^as has alrraily l)(‘r‘n dealt with, and in 
any i*ase is tno well known to reipiire emphasis, 
(’onditions an* very little bettered with the niiil- 
ti]»le earthing- of the neutral liin* nn the eonsn- 
iner’s premisi‘S, as siu*li earth <‘niiiu‘i*tions, to be 
elleetivi', must neei'ssarily be nf Inw re.siMaiiee and 
lu'avy <Mirr<'iit earryintr eafiaeity, two retjiiireimuits 
impossible to aehieve in praeliei*. 

l^he e.\perienei‘s of sneh eoniitries as New 
Zealaiuk Anuaiea, ( anada, and seviM'al of the eoiin- 
tries of tin* eonliiuMit of hairnpe, all of whieh have 
employrsl ninltipl<> earthed neutrals fnr many years 
and are now eonsiderinji: the use nf the mneh more 
(‘llieii'iit method that f shall diseuss, lea<l us to 
believe that ennsuiiiers’ safety <.*amio( be seeure<l by 
multiple earthiiu;. 1'his is e.speeially the i-ase with 
<i(‘rmany, where multiple earthing is espiTially uni- 
versal ; it has been abandoned as a form of lea- 
ka|L!;<‘ proteiMion in rural areas, ami evtai in some 
towns, where earlhin;i: eeiiilitiniis may be (*nnsidered 
j;ood. '^riie most eonvineiii”: ease i> that of l>erlin, 
wlu'i'e praef i(‘a]]y (he whole of the supply is in tlu* 
hands of liewajr. a jirivate (Mimiiien'ial enm-erii, 
and ov**r ‘jri.Obt) I'nnkers are (‘onm>ete<l to tiu'ir inaiii'^. 
Krcnj one of these is proteeted a.u:ains( leakajre trou- 
l)les by means nf an i-arth leaka^ir trip, nf the 
exaet pattei'ii that I shall des<*ribe. as this is eniisi- 
d(*n-d tn be the only praetieal ami etlei-tive means nf 
alVordin;^ siieh prnti'etion. Not nm* aeeident in 
eonneetion with eonkers, oi’ any other apparatus 
protected by the same means, has evi'i* been reported, 
and tliis must be without jiarallel in any other part 
of the world, 


'riie use of siieli leakajj:** trips is now eompnlsory 
(hrniiirh practically every rural area in (lermaiiy, and 
as stated in my first article, there are over farms 

eonneetc*d to su|)ply mains operating at .‘kSO l?*J() volts, 
r»t) eyele a. e. '^Phere is a similarity bet ween (‘onditions 
in (he ({(ainan rural art'as and in India, as th(‘ 
labourers in the former usually work ban‘-foot(*d, 
whieh fact has led to numberh‘ss aeeidcaits from 
shock in the days of the more usual prolei-tive mea- 
sur(‘s. Iii*aka'^e trips iiave bi'Cii installed for tiie 
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past ten year.s, however, with a marked improve- 
ment ; the extensinii of the system to the towns and 
eiti(‘s, as instanei'd in the ease of lierlin, is sntTi- 
oieiit endorsement as to th(‘ eomidote etbeaey tif tbe. 
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EARTH LEAKAGE PROTECTION ON CONSUMERS’ 
PREMISES 

systfin, aiul tluTO is no nnc-tl tn t:iko up I'ni-tlicr 
sp:ic<* in (piotin^ flirt lior l•xp(•ri^•lu•(•s in this country. 

Tlic nnliiniry form of Ic:ik:i«r(» (np is a vi'ry 
simpk' (I<‘vicc, mid is slicwii in Kijriirc 1. Tliis 
is of doiiMc-polc ]);ittcrii, tlic trip coil Ivinjr at \' ; 
I* is ;i t(‘st key, wliicli when d(‘prcsscd ninkcs 
<-onfncl, l)(‘tw«*cn the eiirlh i‘lectrndc mid the ]>h:isc 
line through the liiirli-resistmice shewn, mid 
thus phu'cs an artilicial (*arth leakaj^e thronirh tlw 
device. If all is in order, tin* switeli operates, ami 
it will he noted tliat the earth terminal of connec- 
ted apparatus is discoiiiu'ctiMl, t(‘niiinal K, when 
this t<‘st is made. 

'Ihetri]) coil responds to a leakaijje current of 
about .‘lO milliamperes ; tlie earth clei-trode may 
he of v(‘ry simple construction, usually a driven spike 
or tiilx*. and rc>istanc(*s up to >>evon or eiy;ht hundred 
ohms do not vitiate* tin* ]irote(‘tion atVoreleel. Uritish 
rey:uIations arc coiitiMit to demand an “e-art h IcakaLCe* 
trip operatinjLC at not more* than oil milliampe-n-s”, 

( Ihllo ( \) in all e*ase*s wlmre* e’arthinj^ re-si.staiieM-s e*\- 
<‘ei‘el one ohm; the* ( h-rmmi re«|uin’me*nts are* more* 
e*xplie*it, howe'ver, and provieh* (v. i>. K.j. “With a 
n*>istance* of 2tK) ohms in the* e*arth e*ire*nit the* swite-h 
shall trip with a )iote*ntial of volt>, pln.^* eir iiiimis 
L* volts, and with a re*sistane*e* eif NOt) ohms in the* 
e-artli e*ire*nit the* swite*h must trip with a pe>t« ntial 
e»l h*ss than (>.) volts.“ 'This re*sislane*e* is, of e’ourse*, 
ove*r anel aheeve* any impe*ehine*e* elm* tei the* trip e*enl 
itse*lf, and e'eirresponds tei the* ae*tual re*si>tane*e e»f 
the* earthino: ch*e*tre)ele. "riie* ini])e*elane'e* eef the* trip 
e*e>il varie*s with diilrre-nt make*rs, hut is ii.'iially he*- 
twe*i*n ."iOO anel litHt eihms at .*»() e*ye*le*s. 

^1 he* limitatiem e»f leakaf^e* as oppeise*el 

to the* i'oniparative‘ly nnimpeirtmit le‘aka<*'e* cnrrntl, 
e*\(Mnpli(ie>el in the* e*omparise)n l)(*twe*cu tlie* Uritish 
anel (lermaii re*(|uire*meiits, is e>f e‘e)ursf* the e-emelitiein 
to he aimed at, and there* is little deniht that the* 
Uritish re*^ulatie)n will he ame‘nele*ei alon^r the*se> line*s. 
'rhe e'rreir in draftiiiiLr is nniortmiate*. anel was prei- 
hahly dm* tei ince>mi)le‘te* cemi|U'e*he*nsie)n e»f the* prin- 
e*iph* involved in the* ne*we‘r me*thod. ( )ne* dare*s to 
say siie'h thiiifrs in a (^>Jonial pajM'i*, Imwever hc>itant 
at home*, hut jr(*neral eipiiiion will se*cure the* ue*e*e*s- 
sary amendment ; le*akaj^c trips an* ne»t ye*t comiiieiii 


in this country anel at the* time* wlu'ii the* re-ifulatiem 
was dralte'el we‘re* e-oinparat ive*ly nnkneiwn. 

It will he* imme*diale ly eihvieeiis that the* use* e>f 
this elc*vie*e* e‘iiniin:iti*s the* im-nae'e* of the* iiiaele-epiate* 
e*artii, miel, fnrthe‘r, that its applie*atiem is unive*rsal. 
Le*akajxe ))rei|e>e*t ion e-an he* a|))ilie*el at any peniit 
re*e|nire*el, whe*thi*r at the* main jieisiiimi i*e»ve*riny: 
the* whoh* iiistallat iem, at '-nh cire'iiit positieens, eu* 
te> ineliviehial ajiparatn-. No form e»f eive*rhiae| 
pre)te*e‘t iem is ineorpitrate*e|, this he*iny; e*ne*e*te*el hy the* 
n>nal me-aiis o| ln*^e*s eir e*ire*uit hi*e*ake*rs, a1them}rh 
h*akau:e* trips are* ohlainahh* ine'or|>orat in;; eive*rh>ael 
trips in aeielitiem. It is etlte-n foimel, howe*ve*r, that 
ineliviehial apparatus may re*e|nire‘ li'ahajire* pre»te*e*tioii 
in viilne-rahle* situations, ihi* ne*<*e*.s.sary e>ve*rle»ad 
pre»te‘e*t ieeii he-iiit; e*einlme-el (o Lii'oilps of Mie'll appara- 
tus. A little* re*lle*e*lion will inelie*ate* that th(*re is 
ivally no re‘laliein he‘twe'e‘n the* twin |)re>hte‘ms of 
e»ve*rloael anel le*akae::e* prote-e'tion, anel the*y should 
\><* t‘on>ieli*re*il !-e‘pai ale'ly ; l\\e*Y have* only l>e*e*e>me* 
asseie-iati'il hy re-asem e»f the* fae*f that erne* de*vie*e*, 
the * e»ve*rle»ael. has had to elo ehily for the* two e*ntire*ly 
eliire‘ri*iil lype .s eef fault. 

Le*ak a^e* trip.'** may al.^o he* utili/e*el em syste*nis 
e»l supply withemt e-artlie-el ni'iitral -that is, a tlire*e*- 
phase* s\ste*m without any e*emne‘e*tie»n eef the* ne*ntral 
to e*arth at any pe»int the*re* always he-inj; sunie*ie*ut. 
di.'^trihnte*el |e*aka;ie‘s eir e*apae*ifmie*e* to eipcrate* the* 
trip, miel also with sNste iiis with the* ne*ntral e*arthe*d 
em the* e*emsiime*r’s pre-mi^e-s. It miLrht he* tlioii^ht. 
tliat a multiple* e>arthin^ e-onne-e-tietn to the* ne>ntral 
line* woiilel e*lli*i*tive*ly sheirt-(*ire‘nit the* h-aka^e* trip, 
hilt this is lieet the* e*ase'. Ui*fe*re*ne*e* l)ae*k tei the* 
siih-sfatiem swile*h ill she*w that it is possible* to 
have* the* twee e*arlh e'oime*e’tiems in paralle*! ; the 
e*arth le*aka;;e* triji he*cimie*.': truly siipple*me*ntary in 
siie-h e*;ise*, e*omin;j; info o|)e*ration emiy with the* 
appe*arane*e* of a ])e»le*n(ial upon the* e*asin^ e)f the* 
])re)te*e*te*el apparatus, ineiie*at im>; failure* e»r ine*lVe*e*tivc- 
ne*ss of the* main e*arth e'oimee't ion. The* [U'ae'tie-e* 
in ( ie*rmany is tee multiple* e-arth the* ne'iitral line*, 
in.'^tal fii'-‘e‘s em the* phasi* line* emly, anel e*emne*ct the* 
h'aka^e* tri]> e*i>il he*twe*e'n the* thirel pin etf plug's eu* 
the* e*arth te-rminal e»f apparatus e»r swite'hjie-ar and 
the* e*arth e*le*e*tre»di*. In sne*h ca.se*s the* .su|>pie*me*ntary 
e*arth fremi the* le-aka^e* trip is plae*e*el as far fremi 
any sphe*re* eif inihie*ne*e* of the* main e>arth e*le*e*tre)de* 
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as possil)lt% 1 )ii 1 il ^vill lx* airnxxl, I tliink, that in 
l.ln» privsciicc i»t‘ this very <‘llrrtiv<* I'nriii of earth 
l(‘aka^(‘ proteetioii the* iiiiiltiplr> earthing of the 
neutral lin<; is superfluous. In tin's (‘oiiiitry, luultiple 
eartliiu^ is not praefiseil, I here I)(‘iu*r ono neutral 
<‘arth eoiiiK'eliou iwily, at (he general iu^ or siihstat ioii 
hut tlu* Diiinfries Klee(ri<*ity I h'partuieiit has utilized 
a siiijile-pole leaka«r<‘ trip tlu'ou^hout its ar»*a ; 
dou))le-po]e proteetioii is to he ]»relerr<Ml, as (lu‘ 
luaiti'ai line may l)e a very live line in rural areas, 
under some eondil inns. 

In addilion to providing a<le(|u:ite leal\a;r<‘ |>ro(ee> 
tion in the far** of hijih <‘ai'(hinu; r«‘sistane(‘, the 
system imairporates eouiplete ease of lot of the 
protect iv<‘ eireuil, of almost e«jual value. In nu»st 
mod<‘ru Irip" a test ki‘y is pr 4 »vi<led, whii’h when 
presseil (see h'io;. 1 )<‘onneets th<* phase to the (rip 
eoil, enrre>>pnndin,uf t<» an artiii<‘ial h-akai^e. At tin* 
saiiK* tiiiK' the earth eireiiit to eomu’eted a|)para(us 
is disennueeted in order to pi'eveiit tlu* e\t(Mision 
of this test potential in unwanted dir<‘e(ious, and the 
otxT’ation of (h<‘ trip iudi<'ates that tin* <‘arth iMnaiit. 
is intaet and tin* meehanisin responsive. Kven more 
vahiahh' is tin* fact that the test <*au l»e mad«' from 
th(‘ ai'tiial apparatus ri^ht down to the earth (‘lee- 
tn»de, l)y tin* sini|>le expedient of shoi*t-<*ireuitiu}j: 
tin* phase terminal to th<‘ earthed frame, and tin* 
small leakajre eiirrent involved ensures that fus(*s 
will not he blown nor overload devi<’es operati'd. 


" S 1 



IMJ^IUC 2. 

Test key exteiuleU In tjecnine the slo]» liiittnii of motor 
foiitroller, j^iviiijif eoaslant test of the protective circuit. 

\o r(\sis(aner‘ maxi )a‘ iiisei'tcfl, al(hou.«rh (*0111111011 
]>raetiee on the Coiitim'ut is to use a small t(*st, lamp 


hetween phase and earth terminals, and by this 
means tin* flexible eoniu'etions, (he phijrs and soek(*ts, 
tin* trip and (li(> (‘arth (‘l(*etrode may lx* eomplet(‘ly 
eheekeil in a few seconds. It is even ])ossible to 
pass tin* nMtuisite leakage eiirnuit through the human 
body without dangler, (he speed of dis(‘onn(‘etion, 
about lo' 2 p(*riods of (he supply alternations, pn^- 
ventinj; risk ai(h(»u^h providiii<j eonsiderahh* diseoin- 
fort. Tliis ensures that apparatus with (*xposed or 
ineom])letely jjinanh'd el(*m('nts may be safely earthed 
by this means. 

In som(‘ (b>rman apparatus and installations, 
this test of till* protective eireiiit is mad<‘ automat ie ; 
a ease is sh(‘wn in h'i«rure 2 where (h(‘ ex((‘Usion of 
the test key is made the normal s((»p bottom of a 
motor eontrolh'r, ensurlnj^ constant ((‘st of the* I'arth 
(‘onneetions. Many similar arran^jCtauents are mad(‘, 
and in om* form of (hunestie switch-socket, ineori»or- 
atinj*: h*aka^e trip protection, the normal operation 
(d‘ the (*ont rolling switch provith's the test ; a similar 
arraiijjrenKait is made in tlii* case of a heavier socket 
for farm apparatus, and «^rea( importan(‘(‘ is attachc^d 
to this featiin*. 

It is r(‘(‘ommcn(h‘d that wlua'i* this apparatus 
is installed that r<‘lian(‘(‘ b(‘ not plaecxl upon tin* 
continuity of conduits or h‘ad slM‘athin'!:‘i so often 
a delusion and a snare --but that a small liirlitly- 
insulated earth eoiidiietor be employed, such as au 
ordinary bell wire, or similar, h'or farm work a 
touj^h rubber wiring: system with a small (‘arth con- 
ductor i)laced under the outer rubber sheathiii'r is 
ide:d, and as this co*-ductor will only ever have* 
to deal with earth eiirreuts amount iujLC to about .‘ID 
milliampi res, whatever the size or capacity of th(‘ 
conuec*ted apparatus, it. may lx* as small as m(‘cha- 
iiical considerations permit. l']arth connect ions to 
(>h‘ctrod(*s should b(> corrosion pnxd, and mad(> in 
soiiK* lij^htly proteeti'd cal)le such as i*. n. . 1 ., which 
has the further advantaj^i* of beiny: distinctive. On 
the ('ontiiM'iit, leakage trips are iustalhxl with a 
form of h’ad c(»vered (*able, with a small (*arth <*on- 
diicttu* below the lead sheath- similar to Ileidr\vs 
“Hondit” system -and with paper conduits and 
separate earth wire. 

In all cas(‘s 'wh(*re earth l(*aka^(' trips an* 
empl(»yed, the earth electnxh's may be of the siin- 
ph*st possible tyi>es, usually consistin’^ of spikes of 
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pipos »lriv<*n to :i doptli four to six I’cot ; no 
lulviintMtios nppoar to lu'cruo from iisinjr |on<ror 
pipes, fXf'cpt in partiiMilarly ditlieiilt situations. 
Kai'tlnii^ r(‘sistane(‘s (d* about ],()()() olims'do latt 
prevent isolation, or ev<Mi up to 1,000 olmis, hut 
it is elear that tli<* lowvr the earth resistanee the 
lower the leakage potenti:d helbn* isolation. 

'rids fa<*t may oiVset a eritieism sometimes 
heard, that the use r)f leakage trips may introdii(‘4> 
an expense into rural (‘l(‘(‘trili(‘ation that it eaiinot 
well hear. The cost of a leakatre trip ean in all 
eases he reeovereil hy eeoiioiiiy in the eonsinit'tion 
of earth eleetrod«»s, as will Ix' elear from tin* tore- 
eoinjj:, and in addition, earthinj^ protect ion becomes 
really elleetive and not the purely prohlematieal 
matO'r usually asso4*iated with eostly <‘arths and solul 
(>arthin^. lMirlln*r, h'akaj^c* trips are not <‘xpensive, 
as will h(* seen from the (‘xample illustrated here 
consisting (»f a donhl(‘-pole device*, <‘ompl(‘t(* with 
test k(*y, of .‘iO am|)eres ea|)a<Mty, hand-operat<Ml, ami 
eostinjx soiiM'thin;; hetw<‘en 1*J - ami 1 I - e‘aeh, a<*<*or(h 
in^ to ({naiitit ies. 

This device is made* by a wellkimwii switelij^ear 
maker and eemiplies with the* (ie>rman reupdreamaits 
as we'll as with tin* llritish re^nlatie)n ; maeh* in 
liomlem, its ilistribntiem threm^h the* < 'ole)ni<'s will 
probably be* in the* hamis e>f Me’ssrs Siemens, tei 
wheiiii ap|)lie'atie>n should be made* for sample's and 
prie*e*s. Krnm my eewn te'st'^, it is a de*vie*e‘ that ean 
be* the»re)n«rhly n*eeMmm>mie*d, and is the* tirst Ih’ilish 
apparatus te» lie preuhu'e'd at a r(*ase»nable* eeist ; 
smalle*r ami lar^e*!’ meielels are* follejwinji, ami ve*ry 
she»rtly the e*omph*te> raiiy^e will be available*. 

Jt. will be* sf*e*n that tor abend 1 I - earthinj^ 
s(*enrity ean be ensured, and the whole earthinji: 
syste'in, with e‘l(*etreMle and h*ads, will eeest nnde*r 
a se)vc*r(*i*j:ii. 1 have* m'ver yet se*en a measure* eif 
sec'iirity with sedid eartliinjr aehie*ve*d for e*v<*n te*n 
times this sum, and eve*n then the* pe>rieMlie*al testini^ 
ed’ this I'xpensive* elee*tre)de — nnm*e*e*ssary with le*.i- 
ka^e* trips— inve)lve*d (‘onsi<le*rable exi»e*ns(*. 

An interien* view ed’ the* ele*vi<*e* dese*ribc*d is she>wii 
in Fijijnn* .*5, and an (*x((*rien* vi(‘W in Kij^nre* 4. The 
e*»ve*r is of inonld(*d insniatinjr material, with the 
te\st ke*y pre'ss at the be)tt.e>ni left. I'he* pre»spe*etive^ 


user of Ieaka;r<* trips is warm'd against aee<*ptint; 
<h*vie*e*s with metallie* <*e»ve*rs, fe»r re*asenis that will 
be* e)bvie>ns — enie* beinii that with the pre*s.sintr e»f 
the* te*sl ke*y the* me*tal e*ase* is is<date*el from e*arth— - 
ami care* iini'^t be* take*n to se*le*e*t a eh'vie e* that eloes 
md e'lnploy ve*ry tine* wire* windings for the* trip e*e»il. 



I>out)1(>-j>olc‘ .iel-anipi'iv eaitli It*{ik:i;;e? switch. 

(Naleler Hros. Theiiiipsoii I, lei.) 

The eleviee* in epiestion has its e*oil wonnel with 
‘JS e»r .‘50 s. w. ej., but the*re* are* many de*viee*s em 
the market nsin*; 10 eer l‘J s. \\. ej. 'I'he* re*ase)ns 
fe>r this will be de*all with late*r. 

That fiirthe*!' c*e'e»nomie*s are* possible* in the* rural 
are*a with the use* ed’ le'akajre* trips will be e*h*ar frenn 
Kiy:nre* o, in whie'h the* e'ontinmnis e*arth e*e»nelnete)r, 
whe*the*r p;’ovide*el by e-ondnit e»r e»the*r im*ans, is 
e‘limiiiatt*d, ami all e*arth e*enme'e't ie>ns are* made* 
le>e*ally threnmh h'akajre* trips. Apart frenn the 
(*ee»iiennieal a^pe'e-t, cenitiimity ed’ servie*(* is ensnre*el 
in that, endy the* ele*vie*e* en* e*ire*iiit ae'tn.'dly affe*e*te*el 
by le*aka^e* is isolate*d ; sne-h an arran;i:e*mf*nt is met 
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|)(»Nsil)lc iiiulor cMi't ruiidilioiis, but |n*i’- 

l<M'tIy i-l;n*tnry Inw rn.st iif tile 

iiMlividM:il li'ip'-; Im.'* :ilr(‘:iiiy bcrii ciiipli.'isi/fd. :iii<i 
no oMiriiH'cr with nir:il r-xix'rioiMT cum I'uil to rccoi*;- 
ni/c the iil)vi«nis :i(iv:iiit.‘iu:<'s o|' ihi*^ unMny:»*nu*iit. 
'^riu* liunil (>|X'rulc(l «h‘vi«*c lM'cniMC'<: uUo tlic circuit 
switch, uMii uil uppurutus inuy i)c (‘out roiled by 
tlu* Icukuue trip. 

Hy this uimther trouble u.-ssjjciutcd 

with solid curlhin^ in rurul urcu^ is >»vcrc«»mc, thut 



I. 

I'!\U‘iior \ir\v, 30-:im|nMi.* i-artli 

swiU’li. 

(NrtliU-r I’lios. Tlioiiijisrui I.ld.) 

ol the cxti'Msioii jif Icuk.’iji'c pot(‘ntiu]s Irom u luidty 
device tliut <*:Minot be isoluted ))y rc.-isou of hc;ivy 
eurth i'esi>tuMc(‘ toull other suiiiid uppurutus connected 
to tin* sume eurtli <'in*uit. Polentiul ‘^rudieiits on the 
eurtli's surhuM* Ixm'ouu* u thin^ ol the pu^'t, us the low 
leuku^e curn*nts ciuph»yed cunimt. possibly set. up 

SCIKNCK & 
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such conditions even ujjuinst excessively hijjih eurthinj^ 
n-sislunces. One of the devic(*s describ<*d is workinji: 
ill iny ow'ii grounds iisin^ u three-iiicli nuil us un 
electrode; the rcsistunce vuries between l/JOO und 
r»,tM)l) ohms, uf'cortlin^ t<» wcuther, lull tlic switch 
operates with about SO volts. A rini; of test 
(‘lectiNidcs rouiul this n.uil have indicated a potential 
of t> volts on one orcusion, but. usually the rejulin^s 
arc zero; with an ordinary two-foot elect rodi*, ji'radicnl 
r(‘adiii^s are iinobtuinubie. 

It is ditlhadt to iiu'liide all the udvanf.uircs of the 
form of protection in anything less than a book, and 
|)racti(‘iil experience is necessary to fully :ippreciate 
them. With the ntili/ation of elleclive h'akajie 
prote<‘tion tii(‘ lire nKMuua* to rural instaiiati<Mis is 
rediit'etL 1 1 is admitt«*d that this risk is small in tlie 
Ihitish Isles, but in ot her count ries su))jeet to lijrhl- 
nine: distni'b.ances it is .1 f.-ietor to be t.akeii into 
ac(‘oiint. W'e ha\(> it upon the authority i>f Inspec- 
tor ( ba‘mi(|net, of the l‘'irc I iisurain*e Sin'iety of th(‘ 
(’anion of licnn*, Swit/erland, that tin' tire risk from 
liirhtnini!: has been eousiderably redueed in installa> 
lions equipped with h‘aka^(' trips, and this point 
appe.ars worthy of emphasis. It i^ appai’eiitly e.-tabli- 
sheil that iii systc'ins l•m|)loyine• solid carthine; a liiiht- 
nine; tlash or indin*ed sej-oinlai’y in pas^ine- from the 
bniidiiui: wiriiii; - beinix bioimht in by the overhead 
line to tin* eai‘lh <M»nduetor, is followe d by tin* line 
mirrent, M‘tt in;^ up a serimis lire ri>-k. 'The c»nn- 
t>arativ«‘ly hinh im|)edanee of thi‘ le:d\a.L!;e trip iM»il, 
howe-ver, pi'ovidi's a sullieiemt bar to the line <-urren( 
and prevents an arc emit iniiine- from the lines to 
the earth circuit, but the trip coil must be of stout 
construction, w ithoiit lim* windiners. 

I weiuld .^trouiily uri£e‘ all (‘ii'^inee'i’s f:ice*d with 
earthin'; dilliculties l(» take little or no note of this 
arliede, bn, obt.-iin for themselves ;i r;in!L;e of the 
m*ces>ary e<|uipment :ind e.-irry out thi'ir «»wn tests 
under practi(*al coinlitions, wlnai 1 am sure that many 
e>f their probhans will l)c solv«*d, if not all. By the 
lime these lini's are reatl the full ranije of Ib’itish- 
niatle e(|nipinent should be available, but W(‘ in this 
country hav(‘ had to carry out our prclimin:iry work 
ami equii) ti'ial installations with (jerinaii atipara- 
Ins. I'his, ufoojl as it is, docs not exactly meet our 
re<|uirements in many details. 

.Vllhouj;h I have conccnlral(‘d upon the rural 
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Introductory 

Tiik Pltvrsicnl L;ihnr;i<ury, which w.is 

I'lHiiHh'd ;it in HMMh is n«)\v :i 

institution ocrii|)yin;>: lo hir^c hnihlin^s in grounds 
ill' some r»t) :K‘n*s. :ind with i\ >t.in‘ cxi'iMMlinj*; (lOt). 
Thi* Lnlmnilory also |)ossi*ssi*s a larj^i* radio 
Hi'si'arch Station at Shaikh, a siiialha* radio station 
at lit'iii'liars in S(‘otlanih and a station at liain- 
b(‘lh ill wliicli all tin* taxiincti-rs iif tin* taxi-i*al>s 
in liondon an* ti*st«*d annually. '^rin* liahoratnry 
is dcviiti'il til n'scarch and ti*>l work in the various 
hrain*ln*s of physics and i'li^rinccrin^, as heat and 
rcfriy;craliiin, siMiinh iijilics, railiolo»:y, cl(*i*(rii‘ily 
and ina<rin‘tisni, radiii, liin* incasiircnn‘iits, nn*chanical 
<‘ii<riin‘i*rin^, nn‘talhir<j:y, ai'i'iidynaniii's, ainl shi(i 
(li'sin-n. It is ri'spniisihh* for, iir assists in, the 
!naint<*nain‘<* iif tin* majority of tin* ollh-ial pliysical 
standards iif tin* i*onntry, r. r/., h*nj»th, mass, temp(*ra- 
tnre, c;indh*-powi*r, and tin* (*h*ctrical stainlanls. 
The fjalioratory is a ( lovernnient Institution under 
the l)e]iartment of Scieniilic ainl linhistrial Uesearch. 

Since its foimdatimi tin* I ialiiiratiiry has ln*en 
an essential factoi' in tin* (h'veliipinent of Ih’itish 
finhistry. "^ro ineiitiiin lint a few <*.\amplcs of this, 
llnr hi^h accuracy imw attained in mass production 
in this country is largely ftnindeil upon tin* Laliora- 
lory's work on the slaiidardi/ation and testing of 
<*ny:iiiei*rs’ jranj;(*s. '^I'he accuracy of iijeasnr<*inent 
<»f i*h*ctrii*al pow<*r thron^hoiit tin* cinintry is ulti- 
mately dependi'iit on the (*le<*tri<*al stainlanls the 
ohm, volt, and ampi*r<* — maintained at 'r(*ddinirton 
with an ac«*nracy of nne or two parts in ItMMlOO. 
It may lie said that the scicntitie basis of the lifjfht 
alloys industry of tin* country-- so important in 
aircraft con.».t rnclinii -lanrely dejieiids on the work 
of the Metallnr;j:y Depart nn*nt on the alloys of 
aliimininm. Tin* .Verodyiiamics I)(‘partm<*nt has 
earrh*d out work, r. //., on spinning, stability and 
control, and Ihitler, which has done nnich to increase 


the salety of lli*r||t during tin* past tw(‘nty years, and 
the res(*areh work errried out. in the ship tanks of the 
William Kronde Laboratory has erte(*tod an increase 
in ship eiricien(*y of some ‘20"^. 

ITie William Froude Laboratory 

In llKU tin* Report reciird(*d a n*cord nnmb(*r of 
ship <lesiy:ns t(‘st(*d at the Laboratory, namely lit). 
This record has been consid(*rabIy exceeded in Uld.'i, 
and during the y(*ar no less than T.'i ships havt* bc*en 
t(*st<*d, involving the making of ItiO ship mod(*is. 
KlVectivi* iinprovenn*nts havi* b(*en made in (51 of these 
ships as a n*snlt of tin* t(*sts. In thirteen cas<*s tin* 
improvement n*|)resents more than Il)''y on the* fuel 
eonsniiiptioii, and in four cas<‘s more* than 20%, 
I'he ship models are tested with model propelh*rs 
driv(*n by a small (‘lectrie motor in the Inill. Servi<*e 
n*sidts on actual ships previously t«*steil in moilel 
form have completely established the fact that re<*ent 
advanc(*s in ship desijrn ori^'inat<*d at the Laboratory 
exert their full elVect on tin* ship at sea. 

Hc*s<*arch work on small craft w;is b(*triin in l!k‘ll, 
:ind this has already re.',iilted in a ri*diiclion of 
in tin* powi*!’ r(*<inired to pnnicl a s(*rii*s of 
f<*rry steani(*rs. 

Acrodynamic.s Department 

l\ffr( } 'tf Stii’lhrc IxoiHjhnvss OH Aeropliutv Winqs 
(licport It. 17H). R(*(*ent tests in the (\»mpress(*d 
.\ir 'runnel at the Laboratory have proved that the 
spr(*d of aeroplanes can be (‘oiisiderably increased 
b\ ensuring that the surface of the winyfs, etc., is 
as smooth as ])ossibh*. Roii<r|niess iin*n*ases the 
wind resistain*e, and thus lowers tin? sjieed to an 
unexpi'cted dey[ree. A roughness eorresiiondint^ 
to grains fonr-thonsandths of an inch in si/e can 
produce an inereast* of some 'A0% in tin* resistance 
of the winjf of a modern a(*rophiin; travellinj^ at 200 
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t(» !)00 ]>c*r hour, wliilc* cvc'ii grains of ono- 

liiousaudtli of an inoh ran piMdiirr an apprc'riahlc 
clVrrt. TIu* iinportanrr of smooth siirfarrs is finis 
fully dc'iiionstralccl. 'riic <*n*rrt «)f small wrll-roiimh*d 
(*xrn*s<‘rnccs, surh as rivrl, heads, is not so srrioiis 
as that of a tim* distrilmti'd roughness like that of 
a hadly-linished surfa<M‘, Init n(‘verf ln'h‘ss it also 
se(‘ms worth while avoidinjr proje<‘tin^ rivi*ts nn 
the fastest ainraft. 

Hescurrh an Air Flofr{hVporf j>. 1 7S). --Many of 
the prohhans that pii//le tiie ai'ronaiitit'al i‘ii^im‘cr 
would hav<* Ix'en immediat<‘ly eleai* if it wero pt»ssi- 
hie to srti the air llowinjr river surfaer's such as tin* 
winj^s of an arTO|)lane. Many attranpts have herai 
mad(‘ in aiu'onaiit ieal laboratories to see ami photo- 
;j:raph air-llow by the use of smoke, and such work 
has helped (‘uormoiisly in understamlin^ the natiin* 
of a(H‘odynaniie plnaioimMia. A m(‘thod has rcM'entlv 
been di'veloped at tln‘ Laboratory by which much 
liner detail in the air-flow ean Iw observed than 
was possible' with a diUnse* smoke. It eemsisfs of 
tin* pln)toy:raphy of tin? shaehnvs <»f small sp«»ts of 
hoi air nmvinjr with ibe r-iirn'iit. 'rin* Imt air spot> 
are produced at snitabh* pbuM-s by liny elect rh* sparks. 
Ily usinjr slow motion <*im'msi<ei«irapliy, the moveim'iit^, 
whicb an- toei rapid to be followe'el by the e'Ve, <*an 
be shiwe'el (h»wn to a sp<*<‘d at which <'ve*rv detail 
• >f the motion e'aii b<* <*lcarly seen It is e'veai p»»ssible 
lo measure the speeds e*f the hot air speits from iln* 
film and to obtain niimcrical values of flu* air->p(‘cds 
at diiVcrent positions in relation to an aci'oplanc 
winji. Tin* films that have bee*n obtaimMi show vr'ry 
e'learly the nature* e>f siie-h pheMienneaia as the- >tallin.ir 
e»f win}i:s, the* e'tlee*t e»f winjz sleifs, ami the* re'due'tioii 
eef re'sistance by y;eMMl st re'amlinin;::, ami the l•csnIt> 
slmnhl have* an impeirlant ellce-t on ain-ral't eloiirn. 


Physics Department 

Safcftj ttf Wnrhrrs irith X-Hfnjs nmt litnlintn 
(lU’pnrt pp, tii, ll ). — ( )n 1th April. IDI^ti, a imamn-ial 
was erected at I lambin'^ tei Hit) scieuitists, nurses, 
etc., whose death was due to weirkin^ with X-rays 
in the early ye^ars afte*!* the*ir* dise*ove*ry. ^ro*el;iy 
in spite of the fa<*t that almeist e*v<'r\ he)s|)ital has 


its X-ray plant ami supply eif radium, injury to 
workers ami pafie'iits is practi<*ally imkmiwn, ami 
this is in } 4 re*at de'Lrree* due to the- pionce-r we»rk 
earricel out at the* National Pbysie-al Libe»i-afeu*y 
on X-ray and raeliiim protce*l ion. ( )u this work was 
larixe-ly base-d tin* luternat iemal lie'cemimemlations 
lor .\ ray ami Kaeliiim IVeite-ctieui, whiedi are* in 
jLje‘m*ra| Use* 1 hrou;ihenit the wmld. 

X-ray and radium te-e-bniepn- i^ bcimj: continuously 
im])rove-<l : X ray y:e-m'rateus of e-ve-r-im-re-asiinj; peiwe*r 
are* bcin^ uscel and radium is bciiiL:: employe*d in 
«rr<*ate*i- e|iiant it ie-s. As a re-^ulf m-w probh*ms <»f 
prote‘ctie>ii am] elo^au'e- fre'e|ue>nt ly arise and are* 
inve-st iirate-el by the* Laboratory. h'e»r e'xamph', 
fnrtin-r wt>rk has been I'arrie-il out during the* past 
year eui tin- ;d)<orplie»n of the i-aiHation frean raelinm 
by such bnihlinir mate-rials as bi-i<-k walls and bre-e'/.e* 
bleie-ks, ami the- re-sults have elire-e-t applieat ieiii in 
the: de sign ed' raeliimi eh-partme-nts for lio'^pitals. 

lUiiltliiHjx tunl \tiisr l*nihlvni I lirpurf p. .10). - 
Tin- Labeirateu'v has eh-vede-el muc‘h time tei the 
study etf the- muse* preibh-m in buileliii'^s during tin* 
past ye-ar, bedh walls .-imi lleiors having: re-e-e-ive'd 
atte-ntion. In moeh-rn llats the- (jue-stiem eif the lleieir 
is pe-rhaps the* nmre- im|)ortant, sinc-e- seinmis caused 
by eiire-e-t impact te> the- st iiie-tui'e- are* transmitteel 
iiim-h ineire- re-aelily than tlmsi- whie-h have' tei pass 
throuu:h the- air be-fore* re-ae-hinir t he* st riie-t lire*. Lve-n 
ill the* e*ase* of iniisie-al iii^t ruiiie-nt s playin;; in an 
aeljae*e*nt reiemi. it is tin* semnd tran<niitte-d elire*e*tly 
thre»UL*h the* h-i^s iif tin* in.-l rume-nt te» the* floeir 
wliic-h e-anse-s se-rioiis im-onvenie*m*e*. 'The' value* of 
a “lloalinu;” Himm’ (/. r. a ."iilisidiary lloor re-stin*^ ein, 
ami iiisiilate-il from, tin* stnn-tiiral lloor) has be*e*n 
re*e*e>«rnl/e*el for seHin* time-, ami the* re-e-e-nt weirk e»f 
the* Laboratory has be-c-ii in tin* eiii-ecf ion of im)ire>v- 
inn the* eh-sinn eif .'^uch floors. A eh-sifiii eif floatint!^ 
tieior re-still}:; at inte-rvaU on small nibbe-r fiads has 
be'e*n e*volveel, whie-li posfsrsscv, e-nham-e-el insiilatin}; 
preipe-rtie-s. If has be-e-ii foiiml that the* elime'iisiems 
e>f the* rnbbe*r paels are* important, both in aflee-tintr 
the* intensity ami the* e|nality of tin* traiisinitte-el 
seiiiml. .\s a re->ult of this work it appe*ars m>t lem 
much te> heipe* that a lloeir ami e-e-ilin}; e-eimbinatieiii 
e’.'iii be> elcsi^ne-el whie-h will e*liminate* iin-onve-nie-m-c 
fremi ineise* freun fin* Hat aliove*, at a e*ost whie*li will 
enable biiihle-rs tei e*niple>y it in llats of |e>w re-ntal. 
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Klfririftil S/ujffft/rtfs {Hrpoi f pp. I'lit* 

StMiidanls Divisitm is rcspoiisilih* lor tlx* 
iiiaiiitxiiMiicx oi' tlix ulniiiiitr slaiidanls of 

rc'sistaiKM*, ami voltayjo »»!' iIk* country, 
in wliicli work an accni‘a<*y of "J or parts in 
J(W),00(i is acliit'vcd. '^riiis acciii-:ify is si*c‘ii 

to be iicc(‘ssary when it is realized that all Ikitish 
el<*etrieal iiieasiireim'iits are nltiinately (h‘p(‘iident 
upon these staiidai'ds. and that a siiiall err«»r in tlie 
stamlards would alVeet the eharjjes hn* eh‘etrieUY 
snpidies valued at many millions of pounds. 'rh<> 
work in part takes the form of freijimnt eo-opera- 
tive work with the nali<»nal standardizing labora- 
tories of KraiM’e, (iermany, the I'niletl States of 
Aima'iiM, and other eonntri(‘s. 

^riiis Division is alsti resptmsible lor the standards 
of radio-fre(|neiiey. '^riie eliaraeter <d‘ this work is 
such that a very hiy:h tirder of aeeiiraey is attain- 
able, and a recent <‘oniparison made slmnltaneoiisly 
on a standard bntadeast wave by this Libm'atory 
and sevei'al (‘ont ineiital laboratories frjive aj^n'e- 
meiit to om‘ part in ten million. 

Ktvrtrinil ilnrnnjp far l\rl Fishery (liPpari p. T.'i), 

- -.\t tlie request of tlx* (iovernment of Northern 
IrehnxI, (‘Xperiments have lieeii <*arrie<l ont on the 
prai’tiealiility of inslalliiijr an (‘leetrie barrage in 
eonix'etion witli an important eel iislx'ry. Tlx* object 
is to miiile tlx* e<‘ls into the part of the river wlx*re 
tlx* traps are installed, by elect rifyiiijj; tlx* water 
where it is desired to prevent them from passing;. 
Kxperinx'iits with eels have been made in a wooden 
tank at the Laboi'atory with promisimr results, 
and these have be<'ii extended to more natural 
surroundings at the I^'isheries l']x|M*riniental Station, 
.\lrt*sford, Hants, t^nitea low voltaj^e is siitlieient 
to act as a barni^i*, ami on aeeonnt of the hi«j;h 
ri*sistam‘e of river water tlx* p»iwer required is 
small. The Irish <*el tishery is st'asoiial, ami it is 
hopr*d that full scale e\perinx*nts in the <*el fisheries 
*)f an Irish river will be eai'ried out in liflti. 

Sfrrrf UyhtiHtf [I\*eparf p. S i), |)nrin«r the past 
two y(*ars the new type of discharge tnbc» has been 
im*r<*asinirly c'lnployiMl for street lij^htinj^. ^riiesc* 
are of two types, /•/:.. lamps j^ivinp: a }xr(*eii ii‘i:ht. 


which are mainly nsc-.d in this country, and those 
jjiviiiK a yedlow lit?ht, which are used more generally 
abroad. This niis(*s the question of whether sonic 
particular colour is more ellective than ordinary 
white light in promoting visibility on the roadway, 
and this subject is being studied by an interesting 
method in the Photometry Division. This consists 
of [irojecting on to a screen a (‘iix'inatograph picture 
of a light (‘d street in wlii<*h olqects appear from 
film* to time at diflerent points, and the.se obje(*t.s 
must b(* d(*tectr*d and reported by iminstrncted 
observc*rs. By using lamps giving diUcreiit colours 
in tlx* proji'ettu’ it is hop(*d to det(*cl any ditterence 
ill the revi'aliiig powers of street lighting installations 
(‘inploying these lamps. 

Radio Department 

Atmnsphrrirs {Feptn l p. Atmospherics are 

:i s<*rions himlriinee to radio comniiinication, but they 
may lx* a help to met«*oroIogy. For both reasons it 
is d(*sir:ible to know wliat they an* and where they 
come fnmi. 'fo get an answc*r to the second of 
these* (|ix*stions, tlx* Itadio Department is using a 
te<*lmiqix* similar in principle* to sonnel ranging, /. 
simiiltane*ons obse*rvation t>f tlx* elire*e‘tion of arrival 
from the two e*nds of a ve*ry long base* line*. The 
base'lim* nse*d for the* inve*stigation eif atmospherie'S is 
about ‘M)i) mi]e*s long, one* e*nel be‘iiig at Slough in 
Ihie'kinghamshire* aiiel tlx* othe*r at I^e'iieliars in Fife*- 
shirc. Syne*hreniizeel automatic eirnm-ree'oreling at 
e*ae*h station has be*e*n eh*v«*lope*el in a way whie*h 
niake*s it i>ossible to r(*e*«)rel the* results eif thirty 
niii>nt(*s observation ten yards a si*e*enxl (/. r. I‘J 
niih's of tr:x‘k) mi a single* she*«*t of pape*r :ibont 
eiiie* y.'ird long :ind four iiich(*s wide*. '^rhe*se* nx*thoels 
are* be*ing iise-el to re*e*orel the* wave*-fe»rm, iiite*iisity 
(or stre*ngth), ami dire*e*tie)n eif arrival of all the 
atnx»sphe*rie*s oe-e'iii'i'ing in se‘le‘e‘te*d inte*rvals eif time*. 

Iifftlio ns n/t Aid fa Arintion (Ifcparf pp. 

The* e*ontinnr*d de‘ve*lopim*nt ed’ e*ivil aviatiem re?- 
(|nin's e'ontinni'd impre)vcim*iit in what is kimwn as 
. ‘*gre»nml eirgaiiizatiem”, an important e*lcim*nt eif 
whie*h is the provisiem of means fen* hicating and 
gnieling ae*re»plaix*s Hying in ilarkne*ss or in feig. 
This has given an adde*d importance tei the epies- 
tion of impreiviiig metlxiels eif locating the peisitiem 
of an aereipl.'ine by eh*tcrniiiiing the dire*ction of 
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arrival of signals from radio Ix^acoiis whoso situation 
is known. Tlio Laboratory is studying this probhaii 
on bohalf of th(> Air Ministry, wit-li particular attoii' 
tion to tho oliminatioii of the errors in the apparent 
direction (»f a traiismilter arising from the elVeets of 
waves retleeted from the upper atmosphere. The 
valuable possibilities olVened by tii<e now familiar 
cathode-ray tnbo have been applied to the problem 
resniting in the d(>sign of apparatus wlmreby the 
apparent direction of arrival of a ra<llo transmission 
is shown visually as a bright line on a l irenlar 
screen. Shorter w.-ives are also b(‘ing trietl lor this 
work, those in the raiigf* .‘]0-70 metres, for example. 

Another item arising directly From the n'tinire- 
menfs of <‘ivil aviation is the study of the so-(‘alic<l 
“marker beacmi’* — a special type of traiismittt'r whose? 
function is to indicate to an aeroplane when if is 
flying ininiediatf'ly over a given point or line on the* 
gnmnd. 

Metallurgy Department 

Ihscnrrh nu Dciifftl FilliiHjs (Ur port p. I ft 7 ). — 
The rc‘c(*nt resean'h work t)f the Metallurgy Di'part- 
ment on dental alloys has proved valuable in enab- 
ling the practising <lentist, by following a regular 
routine, to make the tillings of teeth more permanent. 
The amalgam used by d<*ntists for filling cavities 
in teeth is made by mixing tillings of an alloy with 
m«*reury. 'fhe alloy is <'omposed essentially of silv<*r 
and till, but. smaller (|nantities of other metals may 
be added, ami many ditVerent compositions are 
actually in use. The mixture with iiiercnry, called 
an amalgam, remains ])asty for a time, but gradually 
liardens. It- must, reach a c(>rtaiii strength, take* a 
high polish, remain nneorroded in tlie month, and 
have other properties, of whi<‘h the most important 
is the ^•onstancy of volume. A properly made amal- 
gam expands very slightly during setting, to till 
the cavity tigiitly, but afterwards its vohnne should 
remain eonstant. 'riie research work carried out 
at the Laboratory has shown that the conipf>sition 
of the alloys nseil must vary only within narrow 
limits. A little too much tin causes too much 
expansion, whilst too little tin causes (‘ontraetion 
so that the filling becomes loose in the month. 


Fiirther.it has been shown tint the lime <»F mixing 
the fillings with the mercMiry and the* pressure used 
in mixing ailect tin* result, so that a nnifoim proc(*- 
dnre should be used. 

Engineering Department 

Fotiipiv of Mrhtfs ffffi/rr srrrirr f 'outlilioiis f ]{r- 
port p. - An important problem confronting 

the dcsigiKU's of aiitomobilc and aeronaut ii'al engines, 
is to know how the varitais matm’ials of constrin*- 
tioii, siudi as sti'els, will behavi* under tin* compli- 
«*ated system of forces imposed upon tluMii in si-rvice. 
In an tMigine crankshaft, the fnrees r(‘.siilting from 
tin* explosions in the cylind(*rs tmid to make tin* 
crankshaft braid, wliih* the r'flbrt rrM|nire*l to drive 
tin* car or aeroplane foi'wanl results in the crank- 
shaft bi'iiig twistcri. 'riic Ixanliiig ami twisting fona*s 
aid at the saiin* time, in varyiiiu: proportion^. I nd(T 
service <‘ondilioMs tln‘s(‘ forces are applied limidri'ds 
or <*ven thousands of times a miiintc while tin* cngiin* 
is rnnning. Kurt her, the siirfaci's of a m*ankshaft I’aii- 
not In* left perler*tly smooth; oil hoh*s must be 
drilhnl to permit lnbrir*ation, eoiTn*rs an* inn-essary 
when* the crank-pin mergr*s into tin* crank-arm, 
and keyways havr* to be eiit for the attat'hnmnt of 
g(*ars and prop(*lh*rs. All these (‘aiisc conc(*nti'ations 
of stn*ss and thus w(‘ak(*n tin* shaft. 

To assist tin* engiin‘r*r in t*ah*nhiting tin* recinired 
sizes of components to withstand tin'sr* (‘ombineil and 
coin'eiit rated stressi*s, a resi^arch is being carri(*d 
out in tin* h'ligiiier-ring l)(*))artnn-nt. Special mat'hines 
hav«* been clesigneil ainl <‘onstrncti*tl in whi(*h test- 
piec(*s of tin* various materials are snbjr*(*ted to similar 
(‘mnlitioiis of stressing as eiaiipoin'iits in si*rvi<*e. 
Ik*inling anil twisting stresses are applied sinmita- 
neoiisly in varying ratin'^, and the <*tVe«*ts of oil-holes, 
ett*., ean also be investigated. From this work 
general laws have alre:nly been established which 
the engini*er can ap|)ly in the d(*sign of engine 
crankshafts and other eomponents snbjeet(*d to 
eombineil fatigue stresM*s. 

1 toil rrrrots thr nomorr in irliirh .l/r^//.s* lircol,’ 
(Itrporf p. I.'tS). - \\i view of the Use of metals in 
every form of engineering eonstrnetion, and of tin* 
serious conseiinences which may arise when metal 
parts break, it is desirable to know exactly what 
happens when fracture ocenrs. A research on this 
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(picstion 'wljirh Ij:is jii^t minplptctl ;it tin* 

J^:il>nr 2 itory hi\< alVonU'd iniK'li new :iimI 
iiilorniiitioii. (‘ryst:il in a pincM* nf 

.sP*(*l — then* arc IVnni one million to oin* liiiinircd 
million j-ncli crystals in every ciil)i<* inch of the metal 
-- is l)ijilt lip of a reiriilai* arrangement of atoms. As 
the (‘onditioiis ni‘ iVaetiire must he avsoeiatc^d with 
this crystalline slrm tiire. which is invisihle to th<‘ 
human eye. X-ray methods havi* heen ii'icd to study 
the changes \vhi<*h h*a<I to IVa<*fni‘<‘ : tin* X-rays are 
eapahh* of rcvealinjLT these* siihmicroseopie ehaiieres. 
A lai’jjje* miiiih(‘r ol‘>P‘el speciniens have heen dc‘fornu*d 
and IVaelnred under a wiile variety of applit*d ft»riM‘s. 
In some eases, the forces were "iinieiently (i;reat. to 
hreah the metal at oiw' applieMtion, in others, (hey 
had to 1 h‘ applied inilli«ms of times Iwfore fraetnre 
eiecnrn'd, while* in a tliird sei'i<*<, the* fe»i*ci*s wmti* 
only siinii'ient to e'lian^e* the >h:ipe of I he‘..spe*(‘iine*n, 
without fracture*, eve'ii afte*!' many milliems eif appli- 
cations. 'rile* work has shown that, what(‘V<*r the* 
type of applieel stre*ssinjj:, fracture ot'cnrs whe‘n a 
delinite* limiting ce)mlition e»f the* e*rystal stnie*tnn* 
is r(*a<*he‘il. 'The* e*hane;es le*aelin^ te» this eemelition 
can he d<*se*rih<*el hrie*j|y in nein-te*ehnical lan«;najx(‘ 
as lolleews : 

< *oiisider an indivielnal (*rystal, eif size le*ss than 
one-lnnalre‘dtii of an iiie'h. Uefore any fe>re*e* is 
applie*<l the* ateiins are* arran^e*d in paralh-l planes 
thremeheiiit its veiliime*. \Vhe*n the* .>tre*ss is applie*el 
the* e-rystal he*|Lrins tei break ii]i intei two eli>tinct 
type's e>f frai^ment. It hre*aks reaiLflily into twei 


halves, and in addition a nninher of very tiny iVajj;- 
iiK'iits are forni(*d of nniforin si/e, ineasnrin^ about 
one hiindred-themsaiidth of an inch in leiierth. With 
further deforniatiem the larjjer fra«rnients ajjain hr<‘ak 
Intel halvt's, with the forniatiein eif ineire of the tiny 
fraj^nieiits. 'fhe process eemtinues until tin* crystal 
is eiitire'ly “shatte*re*er’ intei a mass of the* tiny fra;;- 
inents, incline'll tei eae'h othe*r at ev<*ry e*eine*e*ivahle 
:in<:le. \ new fact is then ohsi*rved : thi'se* frag- 
ments are* se‘ve*rely straine*d, iie*ighhoiiring atoms 
ill each fragment he*ing either nearer to or more 
re'inote*. from I'ae'li iitiie*r whe>n e‘ompare*d to their 
original re'Iative* positions. I‘'inally, whe*n the cry- 
stal is entire*ly fragme*nte*ei anei the* strain in the tiny 
fragine*nts has rr'aclu'd a limiting value*, the* iiu*tal 
e'rai'ks or hre*aks. 

On the* practie‘al side*, the* re*siilts are* ve*ry impor- 
tant. It is sheiwn for the* lirst time* that the* fracture* 
eif engine‘e*ring compeme*nts oe*e*nrring nneh*r a gre*at 
niinihe*!* of irn'tlieiels of >training re*siilts in the* attain- 
me*nt of erne anel the* same* physie'al state* of the* 
crystalline* strm*tnre*. 'I'he eonne*e*ting roel of an engine* 
may run for many ye*ars ami the*n, witlmiit warning, 
fall into two parts ; or a e*rane* e'liain may he* grossly 
eive*rle>aele‘el aiiel siielele*nly snap. The* liist failure* — 
to which the* te*rm “fatigue*” is applie*d may have* 
take'll yi'ars of time* and milliems of e‘ngine* re'voliit ions 
to proehie'e* ; the* se*e'onel failure* may have he‘e*n e".nis<*d 
in a fe*w se*(*ontls. ihit we* now know that in hoth 
case's the* frae'tnre* marke*el the* attainme*nt of the* same* 
e'einelitiein in a mnnhi*i' eif ea-ystals, /■/'.„ the* e'liriems 
shite* eif elisililegral ion ele*s(*rihi‘el ;ihoVe*, at whie'li the* 
mate'i ial e*onM no longer ri'tain its e'olw'sive* prope-rtie's. 
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People and Castes of Bengal 

(Continued from the last issue) 

Bhupendra Nath Dutta 


KinALLY it is to 1 m* <*nipli:i>i/r(l Ihto tli:it |H*opl(.‘ 
fiiso nuM* with hiiifijiiiijrt* in tin* caso of tlu* X’rMlit* 
tribes. The problem of IIm* pe<»pl(» who spoke tin* 
original Iii(lo-Kiiropc:iii hin^mijro :im< 1 the prolileiii of 
the raeial oriyjin of tlie Ve<lie tribes wlio <*:ilh*(l them- 
selves as Artffts are two ditVereiit things. 'I'he 
problem of the original Iiido-Kiiropi'aii beiii<>; eith(*r 
( \‘ntral-hjiropeaii ‘wiros’ or (b'l'inaii “Nordie* or 
llindiikiish ‘Alpine ( Ai‘m<‘iii)id) or South-west 
Siberian’ ‘Proto Nordie’ is ('.xtranemis to the* <|n<*.->t ion 
nf the racial id<*ntity of lli<* Vedie p(*o|)h‘. ^fhe 
1 ndo-IOnrtipean-speakinjLf peoples aiv fiowailays to 
b(* fomul amon^>t the so-ealled Nordic*, Alpim*, and 
Mi*dit(*rranean rac*es. 

Lc'avinji the* <*tei'nal riddh* cd’ the Indo-Kiirop<*aii 
((iiestioii as tin* niattc*r of intelleetual jiyiimasties 
with tin* national and racial (‘haiivinists, we apply 
<»m*s(*lves to tin* pr<*sent-day ant hi'opoinjry of India. 
Ib'^ardin^ tin* present-day Indian ea>tes, by n*ler- 
riny; to a biom(*trie analysis’ made* by the write*!* of 
this paper, ol tin* data id' some* cd tin* east(*s from ihe 
Pmijab to I>i*n«!:al fnrni>h(‘d by Iiish*y, it is to be 
found that if in the Ihinjab the dat-Sikhs have? «hdi- 
elioid-leptorrliiii element in majority, the Khatris 
have* tin* dolirhoid-mesoi'i'liin c'lement in majority. 
.ViTiiin, braehy(‘<*piial-mesorrhiny c*\i-;ts in a very small 
p(*rec*idai»-e with the Khatris and the* (Ninras, while 
doliehoid-ehaimn'rrhin <‘lenient is to be loiind with 
these* east(*s in a small pereeidajic*. A^ain, with the 
(*xe(*ption of the dat-Sikhs, doliclioid-iiu'sorrhin eh*- 
m<*nt is ])r(*pond(*rant with tin* various <*astc*s cd’ tin* 
Jhnijab, U. P., Hehar and Iien»j;al ; while the braehy- 
eejihal-mesorrhiii (*lement is to be found in a very 
small ])eree*nta^(? with tin* Ih'ahman. (’hliatri, Iiania, 
Kayastha, (Joala, and Kiirmi of the W P. Of these 
castes, the Chhalris show tin* lar«j:e>t |M*re< nta^<* of 

1. IJ. N. Dalla — “Das Indisrhe Kaslcii Sy.sU'iii" in Ati- 
thropoK Bel XXir, V)27. 


the same eh*nn*nt in them. .\s regards doliehoid-eha- 
nnM*rrhiny, all tin* easte*s analysed show tin* pereeiitam* 
in various prop(»rtion.s ran^rini*' fmm 11 to .‘>7. .Vs 
rc‘^ards lk*har. we lind the phenomenon of braehy- 
<*<*phaly increasing from this part of N<»rth India and 
reaeliiiiL!: its maximum in llene-al. |kit doliehoid- 
ehamoerrhiny is fiMiinl in jzi’eater pereenlay:c* with 
tin* Mnsahars <d' lk‘har, a so-c-alled nnloin'habh* caste, 
than with tin* Iki^dis nf I>ene-:d who are id' tin* same 
social status. Kinally, enmini; to Penpal the analy- 
sis shows that the Kayasthas show more* of braeliy- 
i*(*phal-Ii*ptorrhiny in them than the Prahnians, while 
r(*vc*r''e is the ease* in (In* matter of dolichoid-leptor- 
rhiny. Ajrain, the* Kaibai'tas show the larjuest |M*r- 
<*enta*ie of braehyee|)hal-mesorrhiny in tln*m. 

In this analysis we lind that tin* satin* kinds id' 
rneial elemeids an* to 1m* found all over North India, 
lien*, we must say that Pisley’s old theories regard- 
ill^ the racial analysis of India is no lon^ei* re^anh‘d 
as tenable, h'inally, coming to tin* latest Kthno^ra- 
phieal Pe|)ort of the ( ettsits ttf’ we tind that as 

rc*j»::irds inter-relations of racial likeness betwc'cn tin* 
peoph*s of diilerent provinces it says “tin* closest 
relationship of tin* .\. V\b Himalayan region is with 
r.P. followed closely by Pc'ii^al and Central India .. 
I’aken as a winde* there d«M*s not appc'ar to be imieli 
n*lationship belw(*('n Pi'ii^al and d’ainil Nadu and 

C<*ntral India Vllinilies are also shown by tin* *\air 

(d* Malabar and the Pathan id' N'. NV. India with tin; 
P(*ntrali Prahman and by the .\atrar Prahman, (In* 
'^r.'idjik, the Kathi and (in* Paiiia Jain with the 

Pen^ali Kayastha ^rin* Pods (an nntonchable 

d<*press<*d or aizrii'nltnral caste* of Pien^al), how(*ver, 
show' imn*h wider relationships bcinjr (‘onnected 
with the Oriya, Malvc* Prahmaiis, (in* Pajpnts, the 
.Vndich ('hit|)avan and Desastha Prahman, tin* Ma- 

1. B. S. i\\\\\.\ — CcusH8 of ind'm, l'»D, Vol. I, Inilia I’t. 
111. l*Ulmnf;r:iji]iical I*. XIX. 
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ratli.'i, the Illiiva and Kanada aixl T(‘loi;ii nraliinan. 
On ll)r‘ other hand, no relatiniiship is shown with tlio 
Khasi of Assam, either eolieetively or individually as 
indieated hy the hi^h values of the O. H, Tj. Tliis 
shonhl dispose oil* finally the hypothesis of the Mon- 
golian orij^iii of the Hen^ali people^”. 

'I'his is tin* latest opinion of lh(‘ ( ioveriiiiieiit 
Kthno^raphi(*al |{(‘port. All these elearly demonstrate 
that the people (»f lieii^al rataally are not dii1er(‘nt 
fnnii the rest of Aryavarta. Those wh(» followinsr 
the lli(*ory of Uisley liav** led thems<‘lves to believe 
tiiat the peoph' of neural are ditVerent from the rest 
of North India, and. that h(‘r p(‘oph‘ have* i)(‘en tak(‘n 
to Jh'ahmani<‘ai polity after the p(‘rf<»rmaii(‘e of tint 
yrtifiia-shnua need ehaiiLrc* tlnai* opinion in the matter 
of anthropology of Ihai^al. IJather, these soniat(»io<>:i- 
eal r(‘ports show that lSen^:d has ^ot th(‘ saim* raeial 
elements in her as in the homeland of -tlK* \'edi(‘ 
iril)(‘S. And the lattia* phnv' has not made a spc'eia- 
lity of eonservinu the “Aryan'^ element in it. be it 
Nonlie or proto-Nonli(* or tin* Alpine (Armeiu»id) 
or anytliin^ else. 

(\)niiny: directly to the somatology of the people 
of Ih'ii^al, it is to b(‘ found that the Bengalees are 
on tin* averajj[<‘ nn*soeephal-mesorrhin-inediinn-siy.etl 
persons. .\s regards eve-eoh»iir, Dr. (bdia reports 
that tin* majority of tin* lk'n^ali*es (*xaniined by him 
hav<* jrol dark brown eyes (Nos. 2 — .‘J of Martin), 
“the I^>ds have eilln-r blaek or dark brown eyes” and 
“there is a small p.e. of lijrht elear l)rown (Nos. ti —7) 
amon^ both (In* Ib'alimans ainl the i\ayasthas.“' But 

1. H. S. ( iiilui ill Cenfutu of Itiilia, nil, v«)i. i. Imli:i, I’t. 
III. J'UhiioKr>'<P^ik-aI I*. l.VII. 

2. H. S. ('luliri. op. rit: 

Rcj^anliii)* Hit* jiliysiral aiillinijiolnj'y of I’ltaij^al the follow- 
inj; (lata are to be eonsiilted : I. Hernanl Davis; Thesau- 
ruH Oranioram\ Rislev: TiibfR and cnsten of lienf/al, R. C. 
Cliaiida: Indo-Arifans ; H. ,S, (iiilia and liis e(ilk*a»»urs in Hit* 
Census He port of I'lii ; r. x. Datla— “.\iitliropoloKiral 
Nole.s on some West- Ren j^al Castes" in Man in India Vol. 
XIV, Nos Sc *1 ; "An I\injiiiry for Traces of ‘Darwin’s Tnber- 
clid’ in the l\ars of the people of Reiij^ar’— Vol XIV, 
Nos. 2 it 3 ; ‘‘Cr.'inionieti ie evaniinatioiis of some Beiij^al 
skulls’’ ill the Report tif ’Renijal Sahitya Saninielaii' held in 
Calcutta, rJ2‘J: ".An banpiiry into foot and Slatnrc correlation 
of peojde of Ren)»al,‘’ a paper siibiiiilled to the I. Seieiice 
Con);rcss, I‘ii5 ; "A Note on ihc jiresence of lij;ht-coloured 
eyes in the population of Xortli-JCast Indi.a," a paper siib- 


iii a not(» sent to the Science Congress recently held 
at Indon* (1031)), the writer of this paper has siibinit- 
b»d tiaia, that light-(?oloiired eyes varying from Nos. S 
to 13 of Mai'tin's nnni<*nclatiire an^ to be found in 
Bengal among tlie orthodox Hindus. In the data 
submitted th(*re is a subject with light grey I( No. 13) 
eyt*-co|oiir which Martin for practical purpose counts 
ahmg with blue eye-colour, 'riuis tlu? light (*ye- 
ctdotir found by Dr. (iuha in N. \V. Province 
and with the Chitpavans can also be found with the 
Bengal Hindus, though these characteristics are rare. 

Thus, as regards physical anthropology of B(*ugal, 
it <*au be .said tiiially that tlmre ar<* ditlereiit biotypes 
ill (his provin<*c as elsewdien*, and that Biaigal is not 
outside tli(^ anthro|M)higical circle of North India. 
This fa<*t corroborates our stat(‘ment that streams 
of immigrants hav<* come to the low’cr Cangetic 
plain from the nortluTii part of India from times 
immemorial, and Bengal has been aKvays an integral 
part of .Vryavarta, et[ini(‘ally, sixdally, and ])oliti- 
eally. 

Now, let ns make a sociological eiKpiiry for the 
origins of tin* (‘ast(‘s into whiidi tin* p(‘ople of Bengal 
arc divid(*d. An investigation into (he social history 
of <*a.stes of B(*ngal w'ill show that th(*se are the 
creation of B(*ngal Mi/icn ; caste names from the 
Sffin'ffs have* bemi given to many of (In* so<*ial groups 
fornn*<l in mod(*rn tinn*s in Bengal, and the |)ro(*ess 
is .still b(‘ing eontiiuKxl. In this w'ay, tin? [iresent- 
day social hierarchy of the Hindu soei(*ty of Bengal 
has t:ik(*n its rise. 

Here, the (pn'stion about tin* formation of a east(* 
take.- its rise. ’^L'lie Hiinhi soeiedy from its pristiiu? 
days lias got VniHn system, and the Vanias elilVer- 
entiated the society into four groups ac'cording to 
profe.ssioiis. This elivision of the Varnas has b(‘en 
tran.'^lated bv the occidental indologists as division 
of (he society acconling to the colour of the race. 
They lind in it tin* rae-ial tight betw<;(‘n the wliite? 
.Aryans and the black aborigines. As tin* TIrahinan 
is described as Svhite\ tliey see tin* racial colour 

iiiittiMl to the I. S. Congrcs.s D.R). J. K. (.on "Cranionietric 
stuilios some Rengalec skulls," si paper subniittcd to the 
1. S. Congress, l‘)3(>. T. C. Raychowdhury — “The Varendra 
Brnhiiinns of Retigal" in Man in India, Vol. XIII, Nos. 2 & 3, 
H. C. Chakl.'idnr — Measiiremeiil.s on Rahri, Varendra and 
Maithil Rrahman. A. N. Chatterji — Reports of Students’ 
Welfare Coiiimittec of the Calcutta University.’’ 
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of tiu* Vcilic (ribos dcpiclrd in this dosrri|ition. So 
far tin* ansdojjjy holds ^nod. Jhit ii (lurstioii may Ik* 
asked here: As the aneh'iit lliiuhi scriptures des- 
erib(‘d the four Vanias of the four-fold society of the 
Iliiidiis, then how should racially tiie ineu of tin* reiiui- 
iiiin^ colours be ideiititied ? If the Jh'ahiiiau was the 
white Aryan and the Sudra the black aboriyiiiie, then 
what about tin* racial id(*ntilies the red Ivshatnya 
and the yellow Vaisya ? In that easi*, will the ibiir 
(‘olonrs of tin* four divisions be accepted as tin* four 
ra<*es of men as classified by Hlnmeiibach ? Any 
way, tin* red and the yellow colours do imt fall in the* 
catej^i»ry of white tint, and the people of tli(‘se colours 
are not <*lassifu.Ml as belon^in^ to the “white*” nice 
by the anthropolojrisls. 

For this reason, inst(*ad of tryiiij^ to find out that 
ani*ient Fiidia has r(*capitnlat(*d tin* race-iyit that is 
taking ldac(* in America and in South Afric;i, ainl 
that the present-day dillerent <*astes are trroupinj^s of 
tin* people orij^inated by niisei'jienation la twcen tin* 
white and black rac<*s in India, and that tin* y:reater is 
the blood of tin* white Aryan cons<‘rve(l in a caste 
the hiy^hcr is its social st:itns, w(* iniist try to r(*ad the 
Indian literature in ord(*r to liinl out the truth about 
the origin of the* rndiaii. caste system in a non-parti- 
san spirit. 

The Jlindu scriptures speak of the Varna dif- 
ferentiations of the peoph* accordinj^ to qnalit,* 
((jinui) and work {Kanna). Tin* nhiujanutifila has 
clearly said that “I have created the four N’arnas 
according to (jinna and Karma’* (101.1). The JA/Z/f/- 
hharata while describing the four divisions according 
to four Varnas (Colours) says at last, “There is no 
speciality in Varnas. ..the Varmis have originated from 
the work'* (iSantiparva, Mokshadharnia. Ch 181). In 
this passage, all the Varnas arc conceived originally 
as of one Brahman colour, then according to charac- 
teristics and nature men have be(*ii ditter(*utiated in- 
to Kshatriya, Vaishya, Sudra, etc. Here, tln^ people of 
the four colours are recogiii/cd as of the same origin. 
Again, the Ritjreda, speaks of all men having descen- 
ded from Nahusa (lO-SO-b). 

That the ancient Hindu conception of the division 
of society into men of four colours has been metapho- 
rical is being also roeogiiizod nowadays. Thus, the 
historian Vincent Smith says, “Varna, once a common 


name for all elass(‘s, pi'rhaps taken from tlu* colour 
of tlie garments that dilVered with dincr(*nt chisscs, 
as for c.xaniph*, wliifo for I>rahmaM...c:mic to int'an a 
caste in i>ost-Veili<*. literature*” ; Again tin* cthiiolo- 
gist-Saral Chandra Ivoy says, “Aci*ordiiig lo Hindu 
social philoso[)hy, tin* pn‘p<nidcranccofom*orolher 
o| the three ciitith's a man lo be calh*d r(*s- 

p<*ctivcly a Braliiiiaii, a Kshatriya, a Vai>Iiya, ami 
a Sudra. Thesis are known as ihc four X'arnas.” 
I he primary iimaiiiiig of llu* word Vania app(‘:irs t«» 
be dc.sci’iptijiii” from tin* rout to dr.srribc. 

I hat this is Hit* signifuMl ioii of (li<* word rnnm as 
applied lo tlu* lour sju'ial chisscs of India m:iy, 1 
think, be reasonably liifcnvd from siicli passages as 
those ill tin* Mtilnihlmnilti (Santiparv:i, See. 1 88, 
verses .)-!:») with reler(‘iiee lover.se o whi<*h says that 
the <‘ompl(*\ioii which the Ih'ahmaiis obtained was 
white, that which flu* Kshatriyas ohl:iiiU‘d was red’* 
...the eomiiuaitalor Nilkantha"' e.xplains that here 
words e.xpressivc* of colour really nu*aiis attribut(*s 
((iiiiias)”**. 

.\gain, then* is a |)ersistent mistake in translating 
the Sanskrit term \ ariia” with the sociological eoii- 
<*epf caste”. X’liiecail Smith again says, “Most of 
the luisuiiderstaiuliugs on the subject has aris(*n from 
the persistent mistraiislatiim of Mann’s term Varna 
as <*aste, whereas it sluuild Ix* rendered class or 
ord<*r or by some ei|uivaleut term*. Fiirtlu*r, fim 
Sanskrit term pfutt has also been translated as 
caste, whi<’h mistake h:is be(*ii poiuti'd out by 
Mek^, who says that Mati** is class, it is the same 
as the (Ireek (irnr. Finally, w<* forget that the 
A'edie gods also liavi; be(*ii divided into four Vanias 
{TaUUrcyti Itruhnmna :i. o. o -‘J. 2, pl ; Safapet/lm 

Thus, the gods have 
been divided into four Vanias aeeording to their 
(xiinas. Surely no aiithroiiologieal iut(*rpretHtion can 
be given to this division of the gods ; nor can they 

1. V. A. Smith Ancient, and Hindu India. Pt. I, p 3fj. 

2. Nilkanth.i—VI. TI with S.'ink.'ir.Vs Bhasya ; vide also 
Kelvalkar & Ranarle— //iVr^or// of Indian Philosophy. 
Vol IX ; p. 4H. 

3. S. C. Roy— ‘C.aste, R.'ice anil Religion in Imlin’*— Man 
in India. Vol XIV. No. 2; pp. 194— P)5. 

4. V. A. Smith— Op. Cit, 1» 36. 

5. R. Pick - The Social organization in N. E. India, 
translated by Moitra ; pp. 3.11—235. 
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b(! ilivitlril into llonco, it is wnuij; to speak 

of ll](‘ :iiH‘ient fiHliaii Vanias as eastes: as 1 Ih‘S<* were, 
originally elas.-ses. The aiieieiit llindii seers eontein- 
platfMl the division of ^ods and men aeeorilin;^ to 
tlieir (|iiaiities. Sinee teiitli eentnry A. l>., tliese 
elasses beifan to lx* crystallized into eiido^'amotis 
social frronps proliibitinjr (‘onnubiuin and eoniineiisa- 
lity with other jjroiips. hVuni that time the old tribal 
desifriialicnis jrave place to desi^rnations accordinj; to 
localities* Mohammedan invasion incriisted and 
inlcnsilicd exclusiveness. In the 1 Itli century A. l>. 
Napjoji lihatta^ deelan'd that there W(*re two Varnas 
in Kaliyn^a, and Hap^imnandan appli(‘d (his in l^enjral 
in (Ik? Kith eentnry. Sinee that time, it is supposed 
that th(‘re are tw<i Varnas in Jleiipral Hindu Society. 

With the cliany:e of class into exelnsive caste, the 
pres(*nl-day eastc‘-system of India took its ri.se. In 
Hen^^al, before the ae<'<‘ptanee of Ihij^hniiaiidamrs 
polity liy (lie Hindus, ptnsons could l•han^!:e their 
Varnas. >Soeial history “ (»f Kendra 1 says that many 
Uajpnts hav(‘ entered into tin* Kayastha and Vaidya 
castes ; s<inie hav(? left tlK'ir old provincial caste 
subdivisions and entered a new phratry of tin? same 
Varna in Ikai^al. All (Ik'sc hav(‘ been <*<inseiously 
done, and thes<> took place' Ix'fore the tinal integration 
of tin* present day liengal liiiidii society at the 
time tif Kaglmnandan. Since then, (hose who are 

* I )esi lunations acconliiiK t<> locality seems to have 
ori'^inateil verv late ill Imliaii society, ll seems liihal system 
j'ave way Icj this .sy.slcm. Those ea.sles that have abolished 
Irihal svstem have accojitol de.sij.Miatioiis aocordinj' to 
loralilv as in neii>;al. The llrahmaiis do not seem to have 
developed tribal system like ihe Kshutri^as ami others, 
hence evi'ii in p' sl-Vedie ai;e, they were desi>>iiated aeeor»1- 
ing to place riz. udichi/a iJrahtiiaii {vidt' Vlcko—Sociale 
Gliederunp) 

1. C. V. Vaiilya— of Mediaeval Vol. II 

p. 312. 

2. N. N. W-A^w—Kayisther Varna-Nirnaya (Kayastlia 
Kthiioloj^v) j). 177, Mr. llasii (jiioles the “Karika” of Mala- 
dhar(*.hatJik that in the lleni'alce year .S‘)2 two Rajputs named 
Sura Sin>;ha and Kudra Sintrha \\erc acceiitod as Kayasthas 
and they became the founders of the family of the Dattas of 
Raina (Dl. V.iirdwan). The ease of the Ham-Vaidyas of 
Jes.sore are well known. The rajalis of Siistiiij;(a (Dt. 
Myiiiensinj;h) have chaii)»cd their orij;iiial sept (Maithil) 
and have entered the Varendra Brahman sept of Benj;al. 


members of Hnghnnand:in’.s fiolity arc only recog- 
nized as “Btmgalees^^ ! 

Now let us cminirc into the status of a caste. A 
review of the history of the castes of India makes 
us see that the position of a <*aste depends on its 
ceononiic condition. The economic status has got 
bearing on political infliicm'c which determines the 
social .status of a given group. Everywdicrc the 
status of a class, and its present-day ossified Indian 
transformation caste, d(‘])ends on the State. In 
India for a long time, the maxim of J/efat cc mot 
has been used by (he king, lienee the king as tlie 
embodiment of the State has raised or degraded a 
caste*. Hence, the* castes are not static in their 
po.sition. For this reason, the same caste enjoys 
dillerent stains in ditlerent parts of India. 

Again, (lie fact that a man has not been bound to 
his <*a.stc liy reason of his birth can be illustrated 
from the history t>f many of the castes. Ftlinologieal 
investigations testify that members of the same tribe 
have eiittu'ed dillen'iit castes according to their status 
r/*.., Nagar Hrahmans, (Ik* (bijars, the Jats". 

east(* is not based on race as assertcal by Risley. 
The biometrical analyses of the castes referred to 
above have shown ns that dillerent I'acial elements 
have enten'd into the eomjiositioii of a caste. Again, 
Risley in defence of his race-theory of caste. status has 
said that the status of a caste? stands in inverse ratio 
with its nasal index, /. e., narriiwer is the nosi? higher 
the status of the caste'*. In le.sting this dietmn we 
sec that in the Panjab and Ibijpiitaiia the Oiijar Iwis 
got nasal index mimlx'r u7, the .Jat (ill, the Kliatri (ill, 
the Alaeehi 7t), (he An»ra 71, the Ihijpiit 72. Ht?re, 
the low-easte Sudras have got (Ik* lowTst indiees- 

1. Vidi -A glossary of the Tribes and Castes of the 
Punjab, based on Ibbctsoii’s Cen.siis Report for the Pmijjib 
ISS.k p M)1 ; also 11. I*. .Sa.stri's iiitrofluction to N. N. Ba.su's 
book entitled The Modern Bdddh ism P. Pk 

2. Regarding the Nagar Bra1iiiian.s, V'/c2e the History of 
the Nagar Brahmans in tlujrati ; also D. R. Bhandarkar (B. 
R. A. S. New' Scries, vol. V, 1009). The Bhniidara weavers of 
Jodhpur Slate were oiiginally Nagar Brahmans.; vide 
Vaidya, vol. II, p 43(i. 

Reganling the Oujars ami the Jats see A Glossary of the 
Tribes and castes of the Punjab and North-west Frontier 
Province, vol III. 

3. II. H. Risley— People of India, p. 28. 
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PEOPLE AND CASTES OF BENGAL 

iiuiiibcr.s anil tlio Ksliatriya-Kajputs tho In 

<li« llnitCMl IVovinoos IIh; Hlniiliar 7'), tlic Hraliiiiaii 
75, tlie Kayastlia 57, tlio (.'liatri 78, tlio KhatrL 78, 
tin; Kiirini 7J), the Jlania 80. In Boliar, tho Ilrahinaii 
78, the Babhan 74. In Bonj^al, ilio Kayaslha 7t).8, tho 
Brahman 70.4, tlio (yhaiiilal 73.0, thi* Sail^op 73.tt, tho 
(loala 74.2, the Kaibarta 7<).2. In Bonjral, we soo 
tlic Siulrii Kayastlia has got comparativoly a iiai*n»wor 
nose than tho Brahman, and the position of (lie so- 
oalled uiitoiiehablo (/handal (‘omes next to these 
eastes. O' Donnol, the eensiis ri'porter of Bengal in 
ISOl, h.'is truly said that “I{isl(*y's theory does not 
stand tho test. 1 1 is race-theory of i*as(e does not get 
any help from slatisties*”. 

'rhiis from tin? anthropological side wo see that 
the castes are not homogeneims in their racial com- 
positions, honco those are not based on race. The 
question of the so-called Aryan and the so-called 
Dravidian^ does not enter into its composition, 
rrom tho sociological side we see that tin* castes arc 
social phenomena. Tho classes originally have been 
built from the Indian ris — tho iieople. ( IriginalJy the 
class was a Varna which nn'taphoricallv meant 
profession. Later on, tho class was inenisted into 
caste prohibiting connubiiiin and comm(*nsaIity with 
others. 

fii tho Indian history, we liiitl that the iirofessions 
were organi/(*d into guihb, (Saiuff/ias). .\lso, w<* 
hear of two kinds of guilds : Merchant (luilds and 
( 'raft (iuilds'‘. Tho (Jiiilds were ackiiowledg<*d by 
the Stall! as and <*a<*h guild like those (d 

the classical and mediaeval lOuropo, had a jiatron god 
as its protector. In sonn* cases, th(*sc patron deities 
became tho ln*ro eponyms of tin* caste or its 
ancestor.* ft seems, that like those of the West, the 


1. H. N. Datt.'i — “Das Iiulisclic Kaslcti SysUan” — Anthro- 
pos, IJd. XXII 27. 

2. The t'lovernnieiit Cen.'tus Report of I'Jjl has abulisheil 
the iioitienelaturc “Dravitlian" — It is rciiaaicil as “Medi- 
terranean”. Also see Kic*ksle<lt — Raeeenknnde nnd Riissen- 
geschichte der Mensekheit. 

3. 8. K. Das — Economic History of Ancient Indin^ 

4. Chitrngiipta, the ancestor of the Kayasthas, Viswa- 
karma of the Karmakais, Dhaiiw.'^iilari of the Vaidyas 
were originally either the hero eponyms of those castes or 
their patron deities who were latterly accepted as ancestors. 


Guilds in accepting soino deities as their patrons 
wore drawn in tho religions orbit of the time, llonco, 
various injunctions and taboos wore in.stilh'd in (heir 
midst. 

Kiirther, the pi'nisal of tho Indian .social rocoixls 
leads IIS to .sec (hat the crafts took up dilVerent fnne- 
tion.s. These gave ri.se to various castes and siib- 
ca.stc.s when each guild being ossified became idon- 
(iti<»d with a functional caste. The theory of tho 
that fhcs(*“ca.stos** arose out of miscegenations 
of dillcrcut Varnas is tiidion. Since the Mohamnu*- 
dan invasirm, we do not lu*ar of the guilds but we 
hear of various functional jtttis or ca.stes as we would 
call th<*in to-day. ft seems, a foreign ruling power 
will not allow a paralh*! organi/at ion of the subject 
people* to (*xist side by side with its own. Since that 
time, till! stnu'turc of the prolessional Samghas remai- 
ned, but the spirit disappeared. The Sanigha, with 
its executive! body,' is gone but (ho o.ssilied .struc- 
ture remained as present-day ca.stes ! (IF course, 
out.side Bengal, many of the fnnetional castes have 
the old organi/.ation in the shape of caste-/)////c//e///cts 
with its r*lders, but in B(*ngal the .system has di.s- 
appeari'd. We do not ht*ar about tin* (Jfii (Brahman 
headman) and the (V/o/ (Tanti h(.*adnian) any longer. 
It is .said that tho so-called untoni'hable Baiiri 
ca.ste worshipping Dhdnua-Thaknr has as yet got a 
remnant of the Sanigha organization in its midst. 
But the old guild lU'ganizatioii as de.scribed in the 
Siurilis do(*s not exi.st any longer. 

This is the genesis of the ca.st e-system of the 
Hindu soci(‘ty. It is .said that castes are still in the 
making". New functions are neee.ssitating organiza- 
lions of nc>v ca.sti*.*^. In Bengal, thi! livi! groups 
of Banik.s, Cha.sa, Dhoba, K.aith, 'ranti, Khasta, 
Kaith or Kastha, Kaya.stha, Teli, Kalii, Vaidya, 
Lohar, »Jali“ Kaibarta, i*tc., all are instaiii'cs of func- 
tional ca.'^tes. 

Thus we see, that then! are tribal or ethnic 
ca.'^tes, professional castes and funt*tional ca.stc.s. 
The theory that a casti* develops from a Varna is 
a tietkm. The ])osition of a caste at pre.sent depends 
upon its economic! .status and the inHiienec* of politi- 
cal power that it can bring on the .soeic*(y. On this 
account, the ehange of the social statu.s of the pre- 
.sent-day so-called “depre.ssed clas.ses*' due to the 

1. Viile Brihaapati Samhita, XVII 7. 

2. H. II. Risicy, op. cit. Jolly — Rccht and Sitte. 
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PEOPLE AND CASTES OF BFJ^GAL 

cfUiiinjLr T?*'f«>nii Art wliicli ^iv(*s tlirin .some politir;il 
mlvjiiitairrs is iiirvitsiWlr. 

AVr have s|M»krii nf tlir iiijillirllniis and fahoos br- 
i'ni'riiaiid. 'riic sum total of llirsr an* known as 
acfturn in Hindu sorirty. l>ralimaMisni, /. r., tlio or- 
thodox rrliirion of I hr llimhis driiiamls rrrtain 
nrliara from its votari(‘s. Tin* arharas may Iw* rallcMl 
as thf* rides and rejrnlations reirardinjx the trnidaiire 
of one’s own eondiH't. It eoiisisls <»f injnmdions and 
prohibitions, 'riirsr prohibitions ;in* tin? taboos of 
the Ib’ahmanieal sorirty. Tliese an* not taken from 
fr)reij;n sonrr-es.* “Alana** fon*e oftlu'Xai^as 

of Kastern .\sia or the aneieiit T\y:y])tian inthienre 
has iK»t roiitribntf'd to the formation of the Hindu 
idea of imrifu’atioii and taboo. T\\o source of the 
Hindn idea of pnrili<‘ati(»n known as arliara is to 
be trar<‘d from the Vedas. All tin* lndo-Knro])ean 
])eoples^ ill tin* an»*ient times had definite ideas of 
purifications and taboos, fndia has never been an 
exoei»tion to those institutions. The notion of pnri- 
tieation or aehara is alsf) to be found in tin* ancient 
Tndiaii T^nddhist and Jaina rommnnities. The roni- 
inon Indo- .Aryan notions of pnrifiration and taboo 
liave developed into various forms of aehara of dif- 
ferent sects. 

'I’he idc*.'i of taboo is connected with class-domi- 
nation^ : <*lass-s]>irit lias fost<*red the notioii.s of 

* Vide the disc'ussions about it by S. C. Roy in Man in 
India. 

1. Vide Ha.sting’s A^wcvc/opordia o/* Ethics and Reli- 
gion on ‘purification’ and ‘Taboo’. Also W. Warde Fowler 
— The HeUgious arperiences of the Roman people, P. 41, 

2. S. Freuil— 7’ofem and Taboo ; Max Schniidt— 
Voelkerkunde P 345. 


purification and taboos which have given rise to the 
f|ne.stion of nntouchability. Tt is not a singular 
])henomenon of tlie Hindu society. It exists even 
to-day in the Polynesian society’’. 

Ill ri*sunie, it is to be .said that a modern Indian 
caste is hereditary and an (*ndogamons organization, 
with its own rnh*s of eondiK't. In old day.s, the 
notions of ])nrificatioii and taboo coupled with the 
attitude of the dominant class towards various occu- 
pations d(*termined tin* status of a class. To-day, 
caste <*hi.ss is an exclusive and autonomous body. It 
is a commnnity by itself, formerly, tin* State r. r, the 
king <*ould changi* the status of a caste : now-a-days, 
economic prosin-rity and education, combining toge- 
ther, have again set the dynamic forc<* of the Hindu 
so<*iety in motion, and the castes are .sJiifting their 
po.sitimis. Again, the castes bearing tin* same names 
everywhere m:iy not have the same anthroprdogical 
origin. In Bengid, many pr(*sent.-day castes are of 
local evolution, though th(*y have Imrrowed old caste 
iiann*s from the SniriHs, 1'his process of changing 
the old castf* designatir>ns and assuming classical 
names from the Sniriiis is still going on. Thereby 
they ar<* creating new fictions about thc*ir origins and 
eh^vating their status by taking classical designations. 
Again, it is to be said that the Hindus social hierarchy 
of present-day is divi<I(‘d not only vertically but 
also horizontally. Modern class(*s are growing Avith- 
in th(» lK)dy of the castes. 

Finally, the perusal of the history of the develo])- 
ment of the Hindu society shows that then? has not 
been any Samtmt Dhnrn (|)crman(*ncy) in the Hindu- 
polity, rather society has been dynamu*. 

3. Mux }?tv\\\\\n\i—Voelkerkunde P 345. 
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Meteors 

. Mohammed A, R. Khan 

Late ProfeFPor oC Phynirs. OKmanIa Univer.-ity Ilydorabad (Dcci ani. 

Kvkr jnnn Jippearod on i1h‘ face* of the 

Karth ho has boon a passive s])e(*latni* nl! mot<‘orie 
{ipi)aritions. In his earlier staj^-es of eivilizatiioi. 
while’ his keen eye-si^^hl enable<l him to t'olhiw in 
jrreater detail the glimmer of their lumimnis Irail.^., 
their sncMen appearanee must have perturbed his 
••nntutored mind” and set him to spe(*nlrite upon 
their eanse and efl'eet. To him, no doubt, the 
phenomena must have appeare«l as the rnnnifiji- 
away of unruly stars from the fixetl positions 
assljiiu'd ti» them fni the I'evolvinj*: dome the 
tirmaiiient —lienee the name fallinjr or slmotiiijr 
stars and its eipiivalents by whieh they are still 
known eollocpiilly in nearly all lanynaj*es. 

At a later sl.a.y<‘, when eomplexity of natural 
])h(‘nomena proving- too mneh for his (‘ver strained 
inti'lleet, and imajiinati»m often outstrippinu- his 
saj-iaeity, be ba<l to postulate tin* existeiu'e of 
s])irits, jjood and evil, m» wombn* that be assoeiateil 
the (lash of a meteor with llu* eollision of t*oo<l 
and evil spirits terminating in the annihilation of 
the latter. 

Tairy tales and folk-lore stories are full of 
|■efela‘nees to shooting stars as inaanouilors of 
deaths and disasters. 

Thou^b Cbinese re(*or<ls ji'oiiuj,* as far baek as 
til I n.r. f*ive aeeoniits (d' notable meteorie showers 
and meteoretie falls, it was perbaiis tbe famous 
stone meteorie that was seen to fall at Ae!»'os 
Potamos in 4t3i’> n.i-. — sixty-lwo yeai»s before 
Lysa Oder’s vietory over tbe Athenians — that 
su»»j»:ested tbe true eonneetioii between mete*>rs 
and meteorites and set ]H'oj)le to seek for a 
rational explanation of tin* iihenoniena. 

Plutareh, followinji: Anaxagoras and Diotrenes 
of Apollonia, regards meteors as tine to a fall of 
eelestial ' bodies, 'lii liis life of Lysander he 
explains the Aef*:os Potamos iiieident^'n a manner 
sii«:o;estive of a crude conception of tbe laws of 
eircul a emotion: He says that “the heavenly bodies 


by a relaxation of the force of their cireubn move- 
ments occasionally j^o otV their regular tracks” 
and eventually fall on earth. 

.\ot wit hstandin** these facts, even as late as 
tbe middle of tbe eijrbtecntb century, people stub- 
bornly opposed tbe notion id’ extra-terrestrial 
orijrin id* metisn-ites. “A stone that was .ictnally 
sc4‘M to tail on September l:», ITSti, at Luce in 
Prance, was exaniineil by the most <*mineiit 
chemists of the day includin«i- tbe renown(*il 
lj;ivoisier. and was promiumM'd to bi* an ordinary 
ti*rrestrial stone ilis(ifiure«l by liybtninj^!” 

It was due mainly to tin* jmblii'at ion (d‘ M. 
IVnds’ report on the jireat showm* of .\pril, 

IStKl ;it l/.Xi^le that peoj)b‘ bi'jian to belii've 
i*:<*n<‘rally that masses id' slom* and iron reach the 
earth iiccasionally frtmi tln‘ di‘alb td‘ spaci*. .\l| 
tbi' .sami‘. howeser. wlu*n I’lMd'essors Silliman ami 
Kinjisli‘y id' N ale (killi'ni* spiiki* almut llu* fall of 
tbe Weston sbowi*r that had in*curreil on l)ei*(*niber 
M, iSdT Thomas Jcl’lVrson. then l*resii|etd of the 
riiiteil Stall's «d' .Vmei'ica, is rcp«u'ti‘d l«» liave re- 
marki'il, “(ientb*men, I wouM rallier bidii've that 
these Vanki'e professius woubl lie than to ln'lievc 
that stoni's fall from heaven.” 

\o luie iloubis nowailays tin* “celestial” origin 
of metei)rs and metiM‘oiti*s. and fi»r this I’ea.son 
immense attcidion is paid in Kurope and .\mericu 
to till* stiuly ami invest ii*at ion of iiudi'orites, 

'rbi*ri* is no intrinsic ilificrence between ineteorR 
and meti'oi'iles. Aleti'oriti's ai't* jiieli'ors Huit have 
snrviviMl their lli^bt tbrouiih tin* I'arlb’s atmos- 
]>liere. .\i> aci-ount id' mi'teors can be cimsirlertMl 
in any serist? compb-lt', if it d«)i‘s md li*ai| uj». at. 
least, to a I'esi-ri])! ion of (be ])heiioniena that, 
usually ai'company the f;dl of meteorites. We 
propose first to ‘•ivi* a brief aiMMiunt id’ tin* nature 
i)f meteors deriveil from the residts’of more recent 
research. ' ' ' ' ' ‘ * 

f’arefnl (il)serviitions spread ijver ii nuUiber of 
years have revealed tbe fact that* meteors are in 

VoK 11. « 
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METEORS 

general small objects that for the most part 
belong? to intcr-plaiietary space. They revolve 
round the sun, often in the wake of comets, disin- 
tegrated or defunct, and coming within the sphere 
of attraction of the earth, are drawn forcibly to 
it. In their mad flight through the atmosphere, 
they knock against the molecules of the air with 
such impulse and frequency that in regions above 
80 Km. from the Fjarth\s surface they glow with 
excitation and impact radiation, and below that 
level, when they slow down in their downward 
journey and meet with denser layers of air, they 
develop a compressed gascap or mantle in front of 
them, which, being charged with vapours eman- 
ating from their hot surface, contributes mainly 
to their brightness. 

Not infrequently, and in a seemingly capricious 
manner, meteors in the latter part of their course 
undergo at several stages, .sud<len “bursts” of 
luminosity. Much oC their heat being thus released 
they fall in effective temperature, and at last cease 
to glow altogether, passing off into the air as in- 
visible vapour or falling on the ground as impal- 
pable dust. 

Satisfactory information about the nature of 
meteors could accumulate only very gradually. 
Kveii when the relation between heat and mechani- 
cal work was well established, and careful 
measurements yielded more or loss reliable data of 
heights and velocities of meteors, and estimates 
of the amount of light receive<l from them gave a 
rough idea of their masses, the upper limit deduced 
for their rise of temperature was much loo high — 
of the order of tens of thousand degrees absolute! 
Flut the result was based mainly on unwarranted 
fissumptions and eonjectures. It was not until the 
most powerful instrument of modern astrophysical 
research — photographic .spectroscopy — coubl be 
appropriately applied that accurate knowledge 
concerning the chemical composition and tem- 
perature of meteors was forthcoming. 

Systematic observations by W. J. Denning, 
G. Von Nie.ssel and, later by Prof. (Charles P. 
Olivier and the American and other Meteor 
Societies, have led to the conclusion that the 
smaller meteors appear at an average height of 
about 110 Kms. and disappear at about 80 Kins, 
altitude, after an average flight of about 55 Kms. 


Much brighter meteors that come under the cate- 
gory of fire-balls or bolides appear at greater 
heights (about 140 Kms.) and penetrate to within 
50 Kms ; traversing on the average 300 to 320 Kms. 
lenght of path in air. 

Unless a meteor enters the solar system from 
inter-stellar space, its velocity before entering the 
earth’s atmosphere does not exceed 80 Kms. per 
sec. Sporadic meteors that do not belong to any 
deflnate swarm of periodic showers have been 
found to move with velocities bordering on 100 
Kms. per sec. There is no doubt that such 
meteors are visitors from inter-stellar space. 

Meteors like the Leonids (that appear to come 
from the direction of the constellation of Leo in 
November), whose orbital motion is opposite to 
that of the Karth, have a large resultant velocity 
and, therefore, move very fast and are bluish- white 
in colour. Those whose orbital velocity is in the 
.same direction as that of the Earth, like the 
Andromcdcs (that appear to come from the direc- 
tion of the constellation of Andromeda), have to 
overtake it and have, therefore, a smaller result- 
ant velocity. Con.sequently they move compara- 
tively slowly and are yellowish in colour. For the 
same reason more meteors are secen in the small 
hours of the morning than before midnight. 

As for their mas.ses F. A. Lindemann and O. M. 
Tl. Dobson conclude from their calculations that 
it would take about 150 first magnitude meteors to 
weigh a gram. Modern writers however regard 
this as much too low an estimate and are in favour 
of conceding more .substantial masses to them. 

According to the latist estimates made by C. C. 
Wylie, twenty four million meteors, of mag- 
nitudes visible to the unaided eye, arc consumed 
by the Earth’s atmosphere every twentyfour 
hours. If we include tele.scope meteors, the 
number is i.jcrea.sed to millions of millions. All 
the same, the increase in the earth’s ma.ss and 
si/e caused by the accumulation of their dust in 
millions of years is negligibly small ! 

Had it not been for the protection afforded by 
the air, life in any but the lowest forms, would 
have been an extremely precarious affair, as the 
impact of even the tiniest meteors would have 
sufficed to kill or disable instantly the largest 
living beings. 

To be Cmicluded. 
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Unknown Tribes of the Shan States 

J. K. Bose 

Dtpftrtmant of Anthiopoloffy. GoleutU Univonlty. 


Tiik recent discovery of coffins containiiif' deta- 
ched human skeletons in a e^ave in the Southern 
Shan States by Dr. V. P. Sondhi of the Geological 
Survey of India about which a discussion has of late 
been made in a meeting of the Asiatic Society of 
Bengal will invite opinions from anthropologists. 
As one who has been working among the primitive 
and hitherto little known tribes of Manipur and 
Burma border, I may be allowed to offer a few sug- 
gestions — which, T ho])c, will throw some light on 
this much-discussed problem. 1 will not at present 
enter into the (luestion as to what race the skehitons 
in these coffins belong to, p(‘nding detailed examiiia- 
lions of the bones and other associated articles found 
with them. 

The first question which is suggested in my mind 
after reading the report is wh(.*ther this c(Mnetery is 
not the secondary burial ground of the ‘unknown 
peoplc\ It is well known that among some primitive 
people, specially in Assam, after the death of a man, 
h(» is buried for the first time within or outside the 
village according to the custom of the tribe, and 
after the decomposition of the fleshy parts of the 
body (after a year or more ac(!oRling to tribal custom) 
the bones are taken out in some cas(Ns with elaborate 
ceremonies and buried at the same spot or carried 
to a separate place for burial. This custom is still 
in vogue among some of the tribes of Manipur who 
also use wooden coffins chopped out of logs of wood. 
The reason for thinking the site of the discovery as 
a place of secondary burial is the absence of utensils, 
weapons, and other things of daily us(» which are in 
most cases buried with the dead in CJise of regular 
burial amongst the tribes of zissam. In the present 
case we find mention only of an earthen pot and a 
wooden implement which can also be given at the 
time of the second burial. In the absence of the 
description and illustrations of these two important 


finds and other necessary details it is very difficult 
to unveil the mystery of the unknown tribe. If the 
excavation had been carried on under the guidance 
of an .able anthropologist of the area or neighbouring 
area no sutdi puz/Ie could have arisen. 

If from an examination of the human remains the 
experts are of «)]nnion that it is a case of first burial, 
our first assumption of the secondary burial based 
on insufficient data now available may be left .aside. 
At the present moment, it is only possible to pick up 
several cultural traits from the rojiort and try to find 
out whi(*h of the mughbouring tribes pos.ses.ses mo.st 
of thc.se charactcrisiic.s and probably this is the only 
method in the absence of other data left to us to 
come to any conclusion about the nature of the un- 
known trib(‘. 

These unknown people are reported to have ‘kept 
well out of sight of the civilized men and away from 
the latter’s habitations and they approached the 
villages and fields at night and decamped with p.addy’. 
Thc.se characteristics are al.so found among.st .some 
of the tribes of Manipur who live in the secluded 
spurs of the hills and away from other human con- 
tect. In former times these tribes were in constiiiit 
feiul with each other and head-hunting and plunder- 
ing raids were the ride of the day. But after the 
subjugation of the territory by the State peaceful 
condition ] ire vails and warfare between the tribes 
arc very rare. 

The unknown people are also reported to have 
used crude earthen pots and wooden implements 
wliiidi are also found among the tribc.s of Manipur. 
No detailed conipari.son is possible here for want of 
ncce.ssary date and specimen. 

The unknown people ‘chopped at trees with an 
upwanl stroke’. The emphasis on this characteristic 
seems to be made on insufficient information, because 
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Dr. Sondlii only licanl tins ivinark from tin* villa- 
It is probable that the iii<*llio(l of ehopping 
trees used by tlu» unknown people is got i«r>e«unnioii 
use ainoiijist the villa^rers of Melun, and ?to they noted 
one ])eenliarity of it amon«^ tin; unknown p('ople. If 
tlie unknown men used both types rjf strokes, the 
vilhi^Xers would la^te oidy the ii<*w p(‘<*nliar stroke. 
Xlie. ju’iuiitive. iiieii, of !)ilanipnr use both nj)wai*d and 
d<)wnwai*d !:ifrokes t»» fell tnM's- 

The most impoi;tant of the ehara< t(‘rislies is the 
n\ethod fd! the ^lisposal of th<‘. dead by the unknown 
])(*ople as eolleeled from the report. A eomparison 
of this met hod ol di>‘posal with lhos(‘ ol th<‘ Maniimr 
tribes will be made in the followin'!: parmiriiphs : -i* 

“'fii certain villaj^es of the iiortlu'rn I/iotas rich 
men W(*re till n-eently bnri«Ml in wo«iden eolVms c*alled 

“boats” (orhnn'j:) eut out of one lo*r of wood 

“Some* of the Konyak.'^ use eoiVms <il lliefabovi*) 
ty|>e, and the Kalyo-fCen'TMis, al<o seem t<» n-e a dmj:- 
ont reeeptaele for th(‘ bodies ol tlu* dead while they 
are k»‘p( in the house dnritiir (he? d«‘sieeation 

. ei' 

process... 

Amoiijirst the 'rinnhm Knkis of Manipur “the 
corpse is (then) wa>hed ami wrappecl in a eloth and 
phn-ed in a loy: of w<»oi! whi<-h has been holIowe<l 
out to make a roujih (Mithn. It is <Miv<‘red with a 
rone;!! plank at the lime of burial”. ’ 

Amonirst the Lnshei-Knkis “the body is placed 
in a box made by hollowing out a loif, a dab of 
wood i> pla<e;l OVI'I* the opening', and the joint is 
plastered up with mud”. 'I’he eolliu is kept with- 
in the house and after some lime “wlnai it is 
thoueiil that everythin”: but the bones has been 
<h‘stroyed, the eollin is opene<l and the bones re- 
moved...”* 

“Amouejst some of the Kowpoees (he >ide of a 
hill is exeavati'd f<»rthe re<'eption (»f the eollin and 
the vault is lilled and eh»sed with earth and 
slfmos”.'* 

1. Mills. J. V.—Thf JJiota NaijaH. 157, I/»inloii, 

2. Ibifl. fuiiliuile ]). 1 

Sliaw, W. — Nt^U's lai tin? Tluultm Kakis, J. A. S. /i., 
Vpl. XXIV. No. I. p. St, 102S. 

4, Shakespear, J.— 77ic Lufibid-Kuki Clam*, p. 84, 

I^omlo'n, V912. . . ■ 

5. ntulsow^ T. C.—The Na^a Trites uf Manipur, 
p. 148, London, 

: '1 . ; . ■ v' 
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The Old Kiikis of Manipur in general bury their 
dead outside the village. Formerly a wooden coffin 
from a Jog of wood was made for the reeeptaele of 
the liody, but nowadays wood is in great demand 
ill Uie loeaf uiarJ^ct . niid soTlTe ii.s^4>f wooden. ^iffili 
is ‘becoming bbsolele 'amongst these tribes.' The 
eollin is still used only in the ease of' |^<irial;t){ tt 
ri<*h man or vjllagn .ullif.rers, 8ceo|;4‘‘ry b.urUil U 
praetisi'd amongst .some of the tribes, /•/’:. the Kom.s, 
the Tangkluil.s, ete.. .;i . ... ■ 

• The traditional ■origin of the Manipur trilibs is 
From the south, and Htorios still current amrtngftt tlieih 
show lliat (hey eanie from the south-east. Abim/veri 
they are culturally more nearly eonneeted AVith* thd 
peoph; of the sfuith-east than with any other people^!'. 

Auntlua* point of importanee is (in; wandering 
habit of these tribes. Their migratory instinet urges 
them !•» change places at intervals of sevt*r;d years 
and settle in a new surrounding. 'Phis habit is still 
strong amongst the pe(»ple and liew villages are started 
as SI Mill as thc‘> 'gid a suitable site. Ihit this urgi* is 
now practically siippressr*d by the State aiithorifh'.s 
and they have to settle down in the State*. 

.\nother evidence i»f the* trilw’s migration in tlie^ 
direction of the* pre'seait site is that wh(*n Iving 
Xiirsiiig was Kaj i of Manipur he ha<l driv(*n out 
many of these* hostile tribes from Manipur, and' th<*se 
primitive tribes at that time entered the Shan States 
and .selthsl tliiTe. I>ut .after some time th(*y again 
retiiriK'd to Manipur, repelled by iniheallliy surronn(l> 
ings and lack of better lands in that State.* 

’^rin I’l* is another evidc! ‘e ol the contact bi'tween 
the Manipur tribes and tin* Shan people, fn this 
eonneetion the invasion of Manipur by tin* Shaiis 
m;iy be ipioted from an em’lier authority. “NVe 
know from tin* ehroniei(*s of M:ini|)ur that rahls and 
reprisals markr*d the relations of the hill villag4\s 
with the peoph* of the valh*y from the earliest 
times ..Tin* Shan invasion <if .\ssani is dated by 
Xey Klias" some tinn* after 12l'0. AVe cannot 
now e-timate the (*neet, if any, of these groat nnVvo- 
nn’iits upon tin* inhabitants of the hills of Assam. 
Tin* 4 *ru(*llies perpetrat<*<l by the Shan leaders upon 

■ 1. Hrowii,’ Dr. K.— Selcotioiis from the Records the 
Ooveriiniont of Iiulin, I'on-igii Dqiartiiieiit, No. I^XXVllI. 
p. 14. ; 

2. History of the ShanS p. \S7b, . ' 
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NsiffJi villages * who attempted to resist their 
advniK'e arc perhaps onongli to enable ns to under- 
stand that these inoveinents did oxcreisc — in the long 
run— a very profound inttiience upon the hill people”® 
AVc may also suggest here that the Slums might 
have taken captives, after the raids from this place, 

1. Gait, R. K.r-Hiatory of Assam, p. 74. 1906. 

2. Ilodson, T. Q,'-The Naga Tribes of Manipur. 
p. 17. 1911. 


who died out in the long run only leavmg its burial 

plaire. 

In eoncludiug this paper T may point out that the 
unknown people probably had .some eomieetion with 
the tribe.s of M:ini[)ur or it may also b(; possible 
that a tribe of Manipur in the course of its migra- 
tion had settled at that secluded spot and left their 
cemetf?ry to puzzle the .scientists of the future.* 

♦ The news of Dr. Sondhi’s discovery of the 'unknown 
tribe’ appeared in Sciknck and CcuTurf., Vol. 1, No. 7, 
pp. 421-22— Rditor, Sc. & Cui,. 


Muddy Water of the River Hughly 

K. Biswas 

Herbarium. Royal Botanic Oarden. Calcutta 


Sr(!(iK.STroN has been made to shift the source of 
supply of filter water of (Sihaitta further inland. 
This suggestion came wlu'u Calcutta public com- 
plained of higher .salinity in <lrinking water. Such 
higher iiercentage of .salt in drinking water is a.s- 
cribed to greatc*r infiux of .s<*a water, also to greater 
evaporation dm; to ri.se in lemp(‘rature during the 
hot moiith.s. We :it the gardrai, during the la.st April 
Ix'fore the bursting <d’ the first u or Vest ers-- -which 
this year is a harbinger of luiich coveted mou.soou - 
had to use such saline water of the river that it wa.s 
con.sid(>r(>d to be an eilicacious anti-sejitie for n.’i.sal and 
month wa.sli. .Vt this lime eame the .sngge.st ion f)f 
the Chief Kiigin(*er to carry the intake piiw; in future 
further up the river to avoid the inconvenicnee of 
tlie public due to overd<»se of salt in drinking watcT. 
Snell a suggestion is welctane. But will the yearly 
trouble of drinking water of Caltaitta be over by 
■siieh a coni’se ? T may point out again that the 
trouble is mon* of a biological nature and of a more 
permanent charaeter, which appears ever>' year during 
the hot season. This trouble eannot be tackled 
purely by engineering .skilj. The biological condi- 
tion of water is intimately connected with the 
muddy water of the river Hughly, which prevails 


ino.stly from June to November. This muddy 
water during the mrinsoon, as it Jlows down, 
brings along with the tro])i(*al rain.s and nu^lling 
of the .snows at the .sources of tin* (langes fmorinons 
volume of fresh wafer and with it millions and 
millions of germs of bacteria, algae, protozoa, and 
iron baetc'ria which are transported far and wiih*. 
Coii.siderable (piantity of the.se germs finds aeee.s.s to 
the .settling funks and finally to the* tiltcrbeds. 'J'lnis 
the tniiible, alt hough not visible and fi*lt at pre.sent 
while drinking water, is of a more harmful nature 
than overdo.se of .salinity experiem’cd during the hot 
weather b(*fore the adv(*nt of the rain.s, pre.sent 

diilienlty at this part of the year is to maintain traii.s- 
parency normal to clear water. Te) get rid of this 
mnddiness of the water of the I Inglily is a stupen- 
dous task to p(‘o[)le entrusted with the niaintenanee of 
(he filterworks of Calcutta. Thanks to T). Waldie 
who by his prolonged inve.stigation on the muddy 
W'atcr of the Hughly prescribed u surface coating of 
Piilia .sand with its vital layer evidently as the, b(*st 
final surface layer for filtering operation and avoiding 
mud after the chemical treatment of tin; river water 
n.snally imicliscd. Waldie eoiielmlos, “The llnghly 
water during the rainy seiison could not be filtered 
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without unusual difliculty, and that arising from :i 
peculiarity in the water which I connected with the 
peetdiar distribution of the rainfall in this country, 
though [ c(»uld not then (^\])lain the cans** : it was a 
matter of fact wheth(*r it could be explained or not. 
Plans pi*oposed to overcome this dilliculty, suppor- 
ted by experience* of water Hltratioii iii Knglaiid, I 
declared, would lx? useless, because tin' water was 
diflerent and English experience therefore not appli- 
cable. 

“One special contrivance, whicli it was alleged 
wouM be elTcctivc for the purpose, I liatl tried and 
had given my opinion that it was worthless for the 
purpose, 'fhe Ix'st plan for tiltering the water of 
the rainy season as it pr<*sents itself in nature, I con- 
cluded, would be by the use of the !^\lta sand, pro- 
p<*rly managed, which inclinles a proper n*latioii 
between the amount of filtering surface and the 
quantity of wat(*r to lx* lilti*red. All of tinv'sc ^tate- 
nu'iits and opinions I still adliere to, as they were 
coiieliisions drawn from the observation of faets, the 
higlu'st and only true aiitlmrity from which sch'iitilic 
conclusions can lx* drawn.” 

I coiitiriu ^Val<lic^s results altiiough his experi- 
iiieiits were carried on siuee the ine(*pliou of ('aleutta 
filterworks in the early part of 1S70. 

Hut again, this tiltering surface is exposed to 
danger of iiiterfereuee and tiiially, rupture of this im- 
portant layer due to deposit of l<»ads of oi’gauie germs 
re.stiug on this surfa<'<*. Thus vegetable and animal 
organisms after the (|ni<>seent period during the iiioii- 
sooii start their life-history afrosli. 'Fhe vegetable 
organisms, eliietly algae, exhibit in tin* tilt<*rbeds three 
pliases of development. First, the autimmal pliasi» 
leailing to g(*rmination of spores, secondly, flic juve- 
nile phase of vegi'lative growth, and thirdly, the re- 
productive* venial phase — lea<liug on to fructiHeatirui 
and fragmeutatipii. The Iasi phase rcaehes its zenith 
during the hot months bi‘fore» the advent of the raiu.s. 
Rain sets in aceompauied by storms, cyclones, etc., 
and frequently tloexls due to overflow of the rivei's a.s 
a result «)f onrush of liiige volume of water at the 
sources of tin? rivi»is. All these aid in distribution 
of reiiroductivc bodies of bacteria and smaller mem- 
bers of plants and animal kingdoin.s. Thus the orga- 


nisms repeat their life-history year in and year out. 
The greatest trouble is experienced during the hot 
months when these organisms in the settling tanks 
and Bltcrbeds fructify and fragment and set up the 
at*tivities of putrefaction bacterm. This activity 
appears Ixdore us in various tangible forms such as 
fishy or vegetable odour of the drinking water, brown 
scum settling at the bottom of glasses after the water 
is kept for .sonic time in a glass, peculiar taste of 
ivater, etc;. Tlui daugor of pathogenic bacteria being 
associated with these orgaiiLsms and other defects of 
the water is avoided by chlorination. The inorganic 
contents of the wat(!r of the river during the moiisooii 
as th(* following analy.sis shows are suitable for the 
organic growth of dormant spores : — 




Total 

Alkaline 

Ivarthy salt 




mineral 

.salt as 

as 

Silica 



salts 

chlorido.s. 

Carbonates 


June 

Khl). 

30 00 

13.96 

15.10 

4.00 

1-1. 

124.10 

112.30 

34.25 

3.70 

July 

lvl>l>. 

12.03 

2.08 

5.20 

4.49 

.-\ugii.st 


14.10 

1.70 

6.60 

5.60 


I*or 100,000 Ihiijl grains. (.\ftcr Walclie) 

It is obvious that the main .source of supply of 
drinking wat«*r to (.\ilcutta should be the liver, 'riie 
trouble :i( the sonreo is of chemical and biological 
iiafnrc. Without the control of these tw*) fact«»r.s 
ai»art from purely engineering skill no tangible better- 
ment of the quality of tin* water, according to the 
writer's opinion, can be eliected. 'Hu* writer there- 
fore again enipliasi/es the need of proper scientific 
investigation of tli<^ (^ilontta filti?r water by an 
eniciont batch of inv(*stigators in addition to the 
c;xistiiig .statr of engineei’s. The [xiiiits are raised 
with a vi<‘W b) enlighten the eify fathers with some 
of the biological facts connected with the filterworks 
of ("alcntta. The trouble although at present in 
keeping with the season and life-history of organisms 
is not vi.sible in definite form, yet it is there ; 
and after ‘their usual migration and resting period, 
tlxiy would burst forth during their vernal phase in 
proper sea.soii to cause the iiii.sehief which becomes 
the subject of deliberations every year. A scientific 
age demands scientific tackling of facts to mould 
natni-e fur the benefit of human beings. 
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Professor Niels Bohr on the Neutron 
Capture and Nuclear Constitution 

N. K. Saha 


In his address dolivorod on January ‘27, 
before the CoponhaKOii Academy, Prof. Niels Bohr 
(AV////rc, Fob. 29, 19‘3H) luis put forward a strikinjrly 
original view on (lie nie(‘lianism of unclear trails- 
formations caused by llie impact of neutrons or 
elianred particles («-rays, protons, (?tc.), with heavy 
nuclei, or by tin* action of y-rays. Tin* fundamental 
feature of the new view-point seems to be that in 
such nuclear reactions he pictures the excess eiuTgy 
of th(3 bombarding particle as first IxMiig nipidly 
divided among all nuclear particles with the result 
that an intermediate componml system is formed, 
and for some time af(<*rwards no single particle 
possesses sullicient kinetic energy to l(‘ave the nn<*lear 
system ; the possible liberation of a proton or an «- 
particle or the escaix; of a neutron from the inter- 
mediate com])ound syst(an is tluai regarded as a 
snbse(|neiit complicated prne(?ss in which the enei'gy 
happens to be again conccnlrafed on some partic!<‘ 
on the snrfa<*e of the nnclen« : or it is possible that 
the system may ])ass to a final stable slate and give 
out the excess em*rgy as )'-rays 

l*rof. Bohr arrives at this conclusion from a 
critical study of all nuclear rea«‘tions and specially 
those of the artificial radioa<‘tivity induced by the 
iiniiact of nmitrons with heavy nuclei which have 
been extensively studied by Fermi and his co-workei*s. 
One of the typical results of such reactions is the 
surprisingly large effective «Tos.s-scct.ioii of collision 
for neutron-capture, and consc(iucntly a duration of 
the ncutron-micleiis encounter w’hich is large com|)a- 
red to the interval the neutron would take in simply 
fiassiiig through a space? region of nuclear dimension. 
To account for such large duration of encounters 
Bohr po.stu1ates first the formation, in such encoun- 
ters, of a compound system of considerable stability. 
A possible later broakiiig-up of this system wdth 


the emission of a inatmMal particle or its readjust- 
ment by th«» emission of radiation is regarded as a 
separate? ])roeess. 

A second tyjiieal result of neutron impacts is the 
non-scleetive character of capture of fast neutrons 
by the nnch?i and a strikingly selective capture of 
slow neutrons. In the usual view of excitation of 
nuclear stales, the excitation is attributed to the 
elevation of quantum state of an individual partiele 
in the michais. In the present picture, on the other 
hand, it is assuiiHMl that the excitation corresponds 
to some (iuanti/.ed collective type* of motion of all 
the nuclear particles taki.'ii togc?ther. In tlie onli- 
nary emission of y-rays th<» nuclear levels concerned 
are probably the statevs of such coIl(H‘tivc motions 
of the most simidest type. But in such strong (».xeita- 
tioii ijro<*esses as in th(‘ neutron collisions, the phe- 
noiueiia are much iiau’c* complicated. Here with 
the increase of tin? total energy of the iiuchais the 
distance between the neighbouring levels would be 
much smaller. If, mor(‘over, the probability of escape 
of material particles from the nu(‘leus b(>c<)ines com- 
parable with the radiation probability, the width of 
the levels would considerably increase. Such a con- 
dition is (‘xpected to arise? in the case rif impact of 
high speed neutrons with heavy nuclei where the 
ctleclive ci’oss-section of scattering is s(‘veral timc.s 
laigcT than the <‘ross-sccfion of capture. The dis- 
tance betwet'ii the <Mi(Tgy-levc?ls in the energy-region 
concern(‘d also raiiidly diminishes. As a result, 
ill such cascr the cnci’gy-levels may not at all 
.separate and this may give rise to a iieutroii-ea])ture 
of very noii-sel(»etive charact(*r, as has really been 
observed in such oas(?s. But if the velocity of the 
incident neutrons decreases, the probability of 
neutroii-tvscape also corres|K)ndingly diminishes. 
Further, the distance between the oncigy-levels in 
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CAPTURE AND NEUCLEAR CONSTITLITION 

the rojjitui c>f low excitation also increases. In this 
ease, therefore, the levels of the intermediate states 
would become sharper and they would approach 
more and more the nature of ordinary y-ray-levels 
in this respect. This conclusion is strikingly con- 
tinned by the excrec^dinffly selective character c»f 
neutron-captures observed for very small vel(K*ity 
of the incident neutrons. 

Another interesting feature of tht‘ present hy|x>- 
thesis of neutron-capture and nuclear excitation 


Disintegration Electrons 

B. N. Sen 

St. Edmiind'ii Culleffe, Shillong. 

PAimciii.Ait int(*rest has recently be<Mi shown in 
the discussion of the processes which cause the 
emission of cleetiX'us from radio-act iv<‘ elements. 
An attempt is made in this short article, to give 
an ac<’(aiiit of the present state of our knowledge 
in that direction in a general way. 

It is well known that these electrons or /^-rays 
as they are called, an* of two kinds. One class 
consists of eh'ctrons emitted from the nucleus in the 
process of disintegration (tlisintegrati<ni electrons), 
and the oth(*r is composed of electrons ejected by 
the photoelectric ellcct of y-rays proce(*<ling fmm 
the nucleus when /^-disintegrations occur. The latter 
class is commonly known as /^-particles. 

Before going into the discussion of the n.atnrc 
of the disintegration electrons, we shall briefly r(*view 
the g(*neral features of the /^-ray spectra as obtained 
by th<i so called focussing method. This consists 
in separating out /^-rays of diflcrent velocities into 
a spectrum by the action of a p<*rpcndicidar magne- 
tic field. The first analysis of these magnetic .spec- 
tra by Meitner afid <ithers showed a number of 
black Hues, every line corresponding to emitted 
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18 that the subsequent ejection of a-particlcs, or 
protons by the intermediate compound system is 
here r(*garded as a se[mratc concentration process 
for the ex(>eKH energy, and so no decisive conclusion 
can be made from this regarding the presence of 
such particles in the nuclei under normal condi- 
tions. Thus the frequent appear.ince of a-niys as 
a result of natural and artificial disintegration of 
nuclei may be explained by the fact that enei^y is 
set free by the very formation of u-particles is 
often favourcid, because it involves a smaller degree 
of concent ration of the ext'ess energy than the libera- 
tion of protons or neutrons. 


electrons of one particular (uiiission velocity. Later 
on, a <*lose examination of a spectrum obtaiiuid by 
C^irtiss, revealed a general blackc*ning or fog in 
additii»n to the black lines. .\t that time, it could 
iu»t be said whether that fog was due to u-rays or fl- 
particles having a contimious distribution of velo- 
<dtics. 

It was Chadwick who 'Irst proved cx])erimen- 
tally that the definite groups of electrons prominent 
on the spectrum, formed but a small fraction of 
the total emissir>ii. 'fhe main ])ortion was a couti- 
iiuoiis .spectrum of //-rays wlii(;h (!ould bo identified 
as real disint(*gration electrons. In the original 
analysis, this was obviously neglected as the photo- 
graphs taken Avithoiit proi)er ]wecautioiis failed 
to .show the general blackening distinctly. Further 
ItiiB and Pb arc isotopic and hence their absorption 
levels arc identical and for the same y-radiations, 
their secondary elc(!tron K[)cctruiii .should be similar. 
Xow if the black lines in the P-rs\y spectnim are 
due to the el(M;troiis ejected a.s the result of internal 
ccmvei-sioii of y-rnya in the K, Ti, M, shells of the 
disintegrating atom, such a spectrum of lead exposed 
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to the y-rays from RaB oiijjht t«> be identieal with 
IIk; natural /^-partiele .spectrum of ItaB. Rutherford 
and Robiii.'^oii veriliod this experimentally. 

With a. view t<i explaining the continuous part 
of the spectrum, it mi^ht b(> arjj;iicd that there is a 
secondary .scatteriiiu: of disintegration electrons 
liavin*^ ori'jjinally the sanu! ciierfry, the maximum 
energy limit as shown in the spectrum. Kllis proved 
that it was not so. lie m(‘asm*e<l the mean cnc'riry 
of the electrons from RaK (which jjfives very little 
:'-r:idiations) calorimctri(‘ally and i'omid that tlu^ 
result :i‘rreed closely with tin* value of the aviTajre 
elu'rjiy of the (*leeti'oiis as shown in the eontinnons 
.O'pc'ctrmn of the .same elennait. A^ain tin* rat(* nf 
decay of RaK is found to he the same Avhether tin* 
fast or tin* slow eh*etroMs from it arc talv<*n as tin* 
basis of nn*asiircment. 'rims tin* probability of 
ej<‘etion of fast <lisinte*:;ration ele<'trons ^eeins t*» In* 
tin* same as that of tin* .slow ones. 

'I'liesi* considerations h'ad to the obvious eoiichi- 
sion that tin* eontiimity of tin* spe»*tnim is a prop(*rty 
of the nucleus. 

'rin* ehi(*f pii//.h* is now : how to acc«nmt for this 
eontinnons jiart of the spe<*trnm ? How conld ele<*- 
trons be (‘inilted from the mielei witli ail energy 
limits br*tw(‘eii /.ero and a (h'finite npp(*r limit ? Do 
tln‘S(* el(*<*trons (*xist in the nncl<*i as such ? 

IVoiii the ;^eiieral principle of <|nantnin nn*ciia- 
nics it is known that the wav<* function deseribinjj: 
the motion of a system is anti->ymnn*trical or 
.‘'ymnn‘tri<*al as the imniber of elenn-ntary pai*tich*< 
in e:n*h conipl(‘X particle is odd or even. The 
nature of the wave functions also (h*t<*rmiiies 
the .statistics to be obeyed by the complex parti<*le. 
If wc* assume the existence of free eli*<*trons in 
the nnclens and treat them as elementary particdcs, 


W'c find a result contrary to experimental evidence. 
Tn fact we an* hopelessly muddled up in onr 
theoretical investijjatijms when we think nuclear 
electrons as iiidcpeinh'iit entities. 

In many cases of /^’ay disintejjration, the escape 
of a nuch*ar eh*ctnm <*anses a violent <*xcilation of 
the residual nnclens resnitinu: in the nlliinale i‘mis- 
sioii of liijih eiierjjy :'-rays. 'Tlw* natni’e of the*ie */- 
radiations suixeests <jnantized en(*riry leveU in the 
nm‘li*i «*onc(*rm‘d. Now how conhl it be po^^ibh* lor 
the radioa.ctive nimlei to emit electrons with a wide 
raiijje of cni'iey. when w«* liiid <|'i*‘'‘tizeil enerj^y 
h'NM'ls in the emittini: nuclei? What hajipens to the 
exce^'i of eiieri^y in tin* di‘‘inteL!;r;il ions in whi<*h 
«*h*<‘trons come cml with le^s than the maximnni 
cneruy ? If the <‘ncri:y di'api)»*ars (which >c<-nis ti» 
be the «*;ise) well this means a bre.ak down o| tlu^ 
princ'iple of (‘(ms(‘r\ ation ol cm i'iiy. 

1 leisenberji: has propo»(‘d a llmoiy ol nn<*]ear 
strmMnre in whii*h the neninm has been treated as 
an elenicntaiT particle. 1 1 i> >niri»:e.''ted that in a 
nnclens of the c'-ray type, a miitron i> >ometimes 
<*oiiverlible to an «*Ie<‘tron ;in<I ;i proton. 'Flie el(*c- 
trons ejectetl in /'-di>inleL:rati'*ns are Mippi>’'«Ml t*) 
arise from such tran^fonn:ition>. 

Ranli tried ti» soKa* the probh'in by a>Mnnin;X 
that mM*!iaru:ed partich"- of extremely >mall mass 
called “neutrinos” are abo emitted alony: with the 
disintegration electrons. Thc'^e particic.s e>cape de- 
tc*ction and cari'v away the balance t»f eiici’jfy. 'I’his 
saves the principle of consrrvat ion. but in tin* .absence 
of any cxpi*rimental «*vidence on the e\i>t(‘nce of 
neutrinos, such a solution cannot In? accepted. 

Naturally theia* have b«*en other sp»*(adations as ti> 
the oritrin of the disintegration electrons, but it is 
j^ciicrally admilted th.it the luoblem is still unsolved/ 
and that cnerjry is conserved in these transformations 
in some unknown manner. 
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Estimation of Error in the Localisation 
of touch spot among the Santals 


R. K, Mandal 
M N. Basu 

Wk IiMVt* licrr fo pronil in :i n*;jii]:ir 

:iii(l syst<'in:itit‘ lorm llii' rrsjilt itf our psy»‘hnlojri- 
(•:il ol)si'i-v:itiniis i>l! tin* S;iiit;ils in M.nlluipnr in 
Sniiinl I’jujrniiMS, \\r li:nl Ixm-ii lliciv in 

Dcfi'iiilxT MS ln‘Mltli-'i(M'kcrs mix! (In* roiitnct 

with M nninhcr nl’ SmitMls in tin* IncMlity pros(‘ntn<l 
to ns Mil (t])pMr(niiity to study tln‘ni with sniniitilii* 
ryes. I 'nrortniiMti'Iy wn had in* Mnthniponn*trifMl 
or p<yrholoL;inMl MppliMin*»*s l«i <*Mri*y out oni* nx- 
poriiiK'iits properly Mini we were <‘onsf rained to do 
<inr work nnaided hy any instrnnients whatsoever. 
\V(» made a |)rovi>ional arrany:<*inent with e(>linloid 
]»eneils and tissue pa]>er iiroennMl lo< ally and 
earned out the invest i;»alions with these articles. 
'I'lie results of <Mir inv<‘.>ti^ations an* jmt down 
Iwlow. 

^riien* i" a einnliined inihienee nl’ vision (imairery) 
and tniieli in the invo^-tijiatinn of the «spaee pereep- 
tion. 'The Inrali/atinn is also aided liy kineaesthel ie 
idf'M thoiiLi:!! in a le—er deeiVM*. 

'I’ln* siihjeel was inadi* to .'-it at <*as<' on a chair. 
Ilis h'ft I’oi^'ai’m hciiiLr placed on the tahh*. On 
the I’oi-i ann a sipiare ai’ea was mai'keil oil' (I'n;. I). 
Al'tc-r uivinii: him propi-r direction, a i ' llnloid pencil 
was handed to him and his eyos were elo>fd liy 
means nl' a liaiMikei-ehier. d'hen the point A (I'ni. I) 
was toiiclietl alter a wai*nini»: •'ijiiial l»y .'iiiotln'i* 
celluloid pencil — the .-ei is: it inn heinL( »'oiitinned for 
a few si'conds. Alter removine; the jieiieil he was 
asked tt» localize* the •‘pot lint In* showe*d at mj. 
In this way otiier trials w<*i<* lak<*n ami were |>ointed 
out at a a a |, a etc. Similarly another |>oiiit 
(Km:. I) was marked oil’ in tin* s imc lu-e-a at a dillereiit 
phn*e ami tin* e.\pi*rinient was r(*pi*ale<l as hefore. 
These* points were* marke*el hy elillei’ent kimis of ink 
and transfe'rred mi a tissue pape*r. Nhiw the* elistaiiee 


Aai .i>:ive?s the aineiiint eif error in the lexadization 
oi te»ne*h spot. OtheM'sneh erre>rs wan’e* ne»ted. 
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ESTIMATION OF ERROR IN THE LOCALIZATION 
OF TOUCH SPOT AMONG THE SANTAI^ 

NiiW lot IIS iirorcod to IumI out the aiiiomit of 

error of oO individiniU. 

Tile amounts of error at A and 1> respeelive- 
ly are tabulated in a jrrapli paper. 

30 


it beeoines clear, tlio foriiK?r beeomiiij^ prodoini- 
naiit. 

It i> praetieally found tliat tin* amount of error is 
les> AvliPii tli“ <‘xp«*rimeiit was done at li in every 
particular individual. 

IVaetiee has *ri)t a very jijreat intlnene(‘ niion tli<' 




10 

Number 


20 


30 ' 50 


(jiaph showing the amount < f Mean Error in the localization (»f 


touch *">• 

A 


Tin* mean value .at A is roleiii. ami at 15 I’ldem, 
Tlien* is a slight dilVnMilty to di><*riminat<‘ the 
inihiem e of vision (visual imag(‘) and liiat of tin* 
kiimaeslhetie sensation at lirst instance, luit lat<T on 


experiment ami this is »*nrrobo?-ated by the results 
of the "iibseqiieiit e.\p(*riment s, /. c., gradually tin* 
errors wi*rc less ami h‘ss with ihe n-pelitioii of tln^ 
c\pj*rimi*nts. 
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The Retirement of Dr. J. H. Hutton 

Dr. John rit-iiry IluUon, n.sc., of Assam, 

who has just ^^om* on h-avr prrparatory to in lin'iiioiil, 
was o?u- j)f llu- inosl Jislini'iiisluil scholars in llu* 
Tndian Civil SiTvicr. IIj* hrloii^s to the saim* elass 
as Sir (Jeortye (friermin, Sir Ilerhcrl Rislev, Vincent 
Siiiilli and ollu'rs wlio made tin* Indian Civil St'rvitv 
famous in the world of scholarship, hiil alas! whose' 
niirnher has hei’ome very few nowa.days. 

Dr. llullon comes of a I’rolcslant family fn>m 
Dublin ami was i‘ducaled in Wore-e'stor Colh'p^c in 
Oxfonl. lie joined the Indian Ci\ il Service in IDOli 
and se-rve-d in Kaslern Heii^al until I!) 12 when he went 
to the Na^a Hills as Deputy Commissioner. From 
that lim** till 1921* wliit'ii he liccaine the Census Coiii- 
missioiur for India he ninaiiit'd there, mastertai the 
lan^iia^es <if the Na^>;a tribes ami heeame the undis- 
puted authority on tludr so<‘ial and relij^ious institu 
tioiis. lie made himself familiar with every part of 
the Nai>;a eouiitry itieludinfj; the uiiadministeved ari'a 
of which he made a eomplett* survey. For his work 
in the Na^a Hills he was matte a e.i.K. in 1920. 

.Vs C'ciisiis Commissitmer for the (fOviTiinieiil of 
India he piildished for the first lime an aeciirate census 
of tile aliori^inal popidalion of India, amt in etdiahora 
tion with Dr. H. S. Ctiiha of the Indian ^^ust‘um, pub- 
lished the Klhrio^raphieal volume <d' the ('cn/tus of 
India for I9.‘tl, eonsideretl tti be the most important 
eontribiit ion tin tin* stieial anil physical eharaeters of 
the Intlian people since Sir Herbert Ilisley's famous 
work in 1S91. 

As .1 seieiitist and well wdsher of the ))rimifive 
raee'J, amon^ one of whieli he spent the most active 
pcriotl of his life, he stronj^ly foujrht against the tlepo- 
pulation broii/rht atrion^ the aborigines as a result 
of eontaet with eivili/.ation and il was mainly Ihrouf^h 
his elfort that Section 91 of the Government of Intlia 
Act for U);i5 dealing with the Excluded and Partially 
Exeludt'd Areas w’as framed, but it is to be highly 
deplored that his further reeoinmendation for the 
appointment of a special officer well acquainted with 
the habits anti customs of the aboriginal people to 
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advist' the (lovcrnmeiit on all matters alfeeting 
their welfare as is done in all enlightened eoiinlries, 
having an aboriginal population, such as Australia, 
('anatla, C. S. A., w'as not aecepled by the Indian 
Government. 

In i-eeognilioii of his grt'at work for Indian 
Aidhrojiology, Dr. Hutton was eh'etetl the Presitleiit 
of the Intlian Seieiit'c C'ongrt'ss hehl in C'aleutta in 
19.‘I.'5 anil was also matte a V'ice- Presitleiit of the 
National Institute of Seit'iii'i* of Intlia. He was also 
recently eleeletl as tin* President of the newly formed 
.Vnihropohtgieal Insliliile of India. It is iintlersltiod 
I hat he will succeed Dr. Marrell in Oxford, whose 
post has reeeiitly been raised It* a Professorshi]). 

.Vmong his et»ntributions the most inqiorlaiit are: - 

1. Thv Srnia XinjaSt I.ondon, 1921. 2. Thr 

Auffami Xat/as, I.ondon, 1921. .‘1. Leo[>ard-men in 

the Naga Hills, Smiflisfoiian Hr port, 1921. I-. Some 

carved slones in the Dayang valley, Sibsagar, ♦/. R. 

V'ol. XX, 192 t. 5. Some aboriginal beliefs in 
Assam. l'olk}or(\ Vol. XXXV' I, l!>25. i*. 'The ust; of 

stone in the Naga Hills, ,/. R, ./. /., lA’I. I92<*. 
7. Diaries of two tours in the imadininistered areas east 
«»f the Naga Hills, Mr in. A. S. />., \'ol. XI, 1929. 
S. Crnsn.s of India for llKll, Vol. t, pt. I (Hej)t»rl) and 
Crnsns of India for IJt.'iJ, V'ol, l.pt. Ill 11. 9. Haees 

of Further Asia, Man in India, 19;t2. 10. Cynolherapy, 
Man in India, l!);i2. 11. .Mon and Miinda in India 
anti ileyond. Pror. \al. Inst, of Srirnvr. V^)l. 1, 
No. 2, 19;15. 

Protein Deficiency in Bengali Diet 

In an address to the (-aleiilla Rotary Club Dr. H. 
K. C. Wilson, Professor of Hioeliemistry and Nutri- 
tion, All-India Ifisliliite of Hygiene and Public Health, 
poinletl out that Bengali diet is sadly deficient in 
protein both in quantity and quality. 

Dr. Wilson rt:ferred to the findings of the exam- 
ination by Dr. Mitra and himself of some :),000 child- 
ren in Calcutta and some 1,200 in the Punjab by Dr. 
Basliir Ahmed, Assistant Professor in the Institute of 
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osscntials lilt* jiliysiral pari of this 
fxaniiMalion consisted in taking Hu* arm Inccps girth, 
(•h(*sl dt‘])lh and hip widtli. 

Tlu* (•onclnsion. Dr. Wilson saiti, whirli one might 
draw from this investigation in raleiitla was tliat tlu're 
was a dffieieiiev somewhere lint that a vitamin de- 
tieieiifV was not the major om*. In tin- dirt surxt-ys 
i-arrit'd fill here no evidmee i»f a marked delieieney in 
ealorie was observed. 'The (|naniily and (|iialily id* 
animal ])rotein was, lio\\e\«-r, marki-dlx l»i-Iow 
I'.iirolieaii standartls. Protein was I lie material out of 
wliieli the body was built and belongeil to a lolallx 
dilbreiit ealegory from siuh snbstanees as xitamins. 
\ delieieney of piMlein was Ixmnd to lead '*ooni r or 
lab r to a rt'diielioii in tin- bodv mass or in subnormal 
growth. 

An inadef|nate siijiply of building stones. Dr. 
Wilson lontinned, eoidd only be made good by lirst 
^lass animal protein, siieli as milk protm'n jirodiii'ts, 
meat, fisli and eggs. One eould not make briiks witli- 
(Uit straw and it should be brought to the attention of 
all that vitamins for all llieir importanee wi>ulii not 
jtrr .ve build up a ])hvsi<|ue of optimum heiglii anti 
.\(iglil. Tlie slressiiigof the protein factor in Hengal 
iv. by no means neve. If was pointed out sonn- Cl- 
ears ago bv Major McKay when xitamins Iiad 
''»-areelv eoine into iieltl. It might not Is- the oidy 
:■.■M•lol• but lie xvas eon\iiHed from iinesl igat iou'. in this 
lountrv, in assoeialion with Ids < arlii r aeadeiiiie 
n si arch in iMirnpi' on prob-in melaliolisin, that lids 
lo.i.lstuir held a key posilioti in tin nut i it ioiia I 
( i-onomy of the boily. 

iAeronaulical Fxliibilion 

'I’he special exliibit. which has been formetl at 
Seii-nee Mnsenni, South Keiisiiigton, l.oiuhm by Ibe 
lloxal Aeronautical Stieiily to mark tlu' TOtb anni- 
M-rsarv of its foundation, lias been extended tor 
anoiiier month. 

'riie exhibit is one id' tlie nmsi remarl- aide eol- 
lei-tions of aeronautical objects d’art, trojihies, medals, 
engravings, stamps aiul rare or uuitpie articles eon 
ueeled with ballooning and axiatioii yet sboxvii pub 
liely in Oreat Hrintaiii. Tbe eolleelioii has been 
gathered with the g<‘iit*rous aiil of many tirivate 
eolleelors. 

Among the objects shown arc tlie lirst acronanhcal 
])assporl, issued to the famous balloonist firecii for 


his crossing from London to Holland by air in 
a fifteenth eentury aeeoiiiit of Ah'xander the (Ireat. 
ami his Hying eagles, one of the earliest printed refer- 
eii€*es to Hying; tlie rare eoloured speeiliealioii of 
Henson's Aerial Carriage (d* xvhieh led to tin- 

first flight of a power ilrivi ii model six years laler 
only two copies of this speeiliealioii an- known: the 
famous Seliiicider 'I'lopliy, won for all lime by (ireal 
lirilaiii; original h lli rs, MS.'S, .-md drawings of 
Liuiardi, ( ilaisiier, Pilelier, Hargra\e and other famous 
piiuieers, inehidilig a eollietioii of MS.S . of Sir 
(ii-orgi- ( ax ley with draxx iiigs jd‘ his glidrr originally 
disigiii-d ill INOI: and tlu- original Cuuiieil .Minutis 
id* the Soi-ii ly, dat. d .laniiary fJth iSdi); Plates and 
bnxx K. b.iis, siiiilV luixes. biiltnus and liaiidkeri hiefs. 
deeoraieil with airoiiaiil iea I sobjeels, and a itiiiijii. 
eolh i-iiiiM of uiedaU ais- aiiioilg tlie items wliieli make 
lliis exliibit one of alisorliing- iiilen si and hisbu'ieal 
value. 

riie Indian Antlii^ipologral Institute 

The iiiiiiaii AiiLh rnpoiogiea! Iiisliiule has Iieeii 
ioriinal in ( 'ahiilla with Dr. .1. 11. Hulloii. o.se., 
( .i.i:., 1.1 .s. as the Ih'esidtiil. Dewaii Ihihadiir L. K. 

Iyer, liai |}ahaduis S. ('. Ui»y and It. P. Chaiula 
as \ii*e Prisidiiils. Mr. K. P. ( hat lopadhx a; a as 
I’reaMirer. Dr. 1». S. (Julia as Seerel;ir_\ ami Dr. 
Paiiehanaii .Mlira as tin- .loiiil Si iw. Among tin* m(‘m 
hers id’ ll i* Coiiiieil are Mr. .1. P. Mills. Ilim ble K. L. 
lianiah id’ .Vss.aiu. Dr. A. \ . Chatti rjia* ami Mr. \. (i. 
-Majiiimlar ol ( .aleiilla. Prof, (ilmriye id’ ihmibax, 
.Majftr D. II. fiordeu iif liawalpiiidi, Pmf. Marrel id* 
Itaugiioii. Pnif. C. ( ). liill of ( 'olmiibn, Pnd*. D’Silxa 
Ci»rrei.i id’ ''»i»x:: (ii»a, Mr. W. V. (irigsoii. i.( ..s. of 
.liihhalpore. .Mr. \b iikataeliar. i.r.s. of P.. Dr. D. 
.\, .Majumii.ir of I.uekmMV. Mr. N. M;dvsi, i.c .s. of 
Dii.'inha:!, Prof. It. Krishna It an i>f \'i/.agapal am. 
Mr. Aiyappau of .Mailras ami Mr. S. S. Sarkar iif 
the Iiose Institute etc. i te. 

'rill- liistiliile propiises to pnhiisli a half yearly 
journal tiialing willi aiithnitxdogieal researehes in 

India, Hunna and Ci vlon. 

Distribution of Mohenjo-daro Relics 

From tile recent ])ress re])i)rt we understand that 
tin* .) .000 year-old relii s of Molu iijo ilari* will, il is 
aiitieipated, shortly he distrihiiled to the various pro- 
viiieial museums in India. Dr. Fabri, tbe Hungarian 
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nr('h;i(’oloi*isl . \vlit> has In-rii appointrii spn-ial c'Hua r hv 
llii* ( iovt-rniiu-nl of Iiulia. has. it is liiiilt-rsiood. 
rfitriislis.l with tin- \vi»rU »»f i-lassifvini; ami ratalt>«:niiiij 
llir /irids of Mohi iijo tlaro. W’lini this work is roiiiplcir 
llu* rrli 's will l)f ilisl rihiilrd 'ii> Iho inusi utns in liulia 
to f*i\f ll'i* prop!*- of tin- oi'unlry an iiloa of llu ri\ili- 
zalioM of Ihi- I mills \’a!Ii \. 

wSiml, llu- t raillr of lliis oi\ ili/at ion, hopt s to liaM* 
a lar ;t sl.ar" of llus. rolhclions. Nmw that Siiiil has 
aoipiirrtl a iu '\ stains, tin Violoria Miisi imi at Kararhi 
is loolvin**' forwai-il to i-onsidi-ralih- onlarui iin ol. 'riio 
Karaciii Mnniripalil y havi- rannarkid a siiiu of Its. 
;tik()()() ill Ihf ciirn nl yrar’s iMidm-l for addili«»iis and 
iinpro\ ( innit s to ihi- Musoimi and IiaM- also approarli- 
«-d till- (iovirimunt for a pmiiaiirnt yranl. 

\V»‘ (iiiitr apjirroialc tin* iiitcnt ion of I hr (iovrni- 
iiiriil as this slop may ha\f sonir rdiuati\i- valiii* to 
lay proph' all ovi-r fndia. lint tlir aiiioniit that will 
fall to tlu- lot of rac’h iiinsriiin will niaa ssarily hr so 
small that wr doubt if Ihr drsirrd rrsnil will hr 
arhirvrd. Oil thr olliri* hand. Ihr ditii<‘iilt i«*s of tin* 
sludrnl who wants to niuh‘rtak<* a .syslriiiatir study of 
Ihr MoIm lijo ilaro riilturr will br jiiiiiiriisr, as hr will 
liavr to lour to tlir ditlrn'iit nnisruiiis to rxaini;:r llir 
rrlirs. Wr frri ibat it would bt' a niovr in tlir ri^lil 
dirta'lion if Mir bulk of tlir ridlrrlioii is lionsrtl in onr 
nnisruin. and no doidil Mir Indian Mnsruin, by virtiir 
td' its all India jiirisdirtion, is Mir brsl plarr for this 
pni'posr. Or risr, lliry may lir k« pt at l)» Ibi to t\»riii 
tlir niirlriis of a sprriali/rd jirr-bislorit* iiinsriim, 
likr llir Cl iilral .Vsiaii Anticpiilirs Mnsi-nin, wliirli was 
built to irri ivr tlir aiiliipiitirs rrrovrrrd by Sir Aurrl 
Sirin dnrinu: bis r\])rditioiis to Ci ntral .Vsia. 

Kxcavalions in Travancorc 

Iliiius of Irmplrs al Trikkakara in north 'I’ravaii- 
rorr po|udar!y brlir\r<i lo hair lu-i-n built in tlir timr 
of Maliabali. llir Iru'indary kin:;' whom ^'alnan*l llu- 
iiirarnal ion of N'ishini ron(|nrrrd and drtliroiird. arr 
now briiij^: r\ra\ ati'.l by Ihr 'rrax aiirorr .Vrrhai-olo^iral 
Drparlmi nt. 

It is rrporlid that a whole wall nnasiirin^' abonl 
.a^Sl) l( i‘t in l' ii':lh and .*• I terl fliirkin-sv.. ;iii(l llie inins 
of two Irmplrs and larur i*!i;;inbrrs adjoiiiiiin' thr wall 
ha\i‘ br 11 iniiarllird. I’roni tlir insevipl ions diseovi n-tl 
ill thr tein|di s il is inf. rri.il that tln-r rrlirs raiiiiol 
Im Iomu: hi lalrr Ilian lie- 1‘»lh rriilnw. 


'riicsr rxravutions wliirli arc one of the largest 
of tlirir kind in SouMi Tndia arr evoking considerable 
piiblir inirrr.sl. 'riir famous Visliiiii trmplr at Trikka- 
kara is thr suhjrrt of Iiyiiins by south Indian saints. 

Tl\e Date of Indus Valley Clvlli/ation 

Tlir date of Mu* Indus Valh*y ('ivilizaiioii lias not 
yrl brrii tixrd willi arriirary, and srliolars arr trying 
liartl to find out Mir rxart dair. 'Thr lalrsl vmliire 
is Mial of Dr. C. L. Kabri of Mir Arrbarologiral 
l)(‘|)artiiirnt, who, addn-ssing a galhrring al Kararhi, 
aniuiiinrrd that a study of six important pirlograplis 
out of .‘too in his ]>ossrssion bad rnabh'd liim lo put 
bark llu* dale of tlu- Indus Valhry ri\ilixation by 
:t00 or -too yt-ars. 'Dir rivili/.alion was about -tfOtSO 
years <dd its dalr bring in tlir nrigliboiirhood of 
*J70() li.r. 

With thr hrip of laiilrrii slidrs Dr. Fabri, il is 
rrporlril. Irarrd tbr similarity brtwron old (Irrriaii 
atul Mrsopotamiaii (‘idtiirr and the Molirnjo daro 
ridfiin-. Hr ronrliidrd tiial Mirn* must liavr brrii an 
ovrrland raravan ronlr linking tlu* wrst to tlu* rast 
and a tioiirisliiiig Iradr brtwrrn llirin. Dr. Fabri also 
rxplainrd llu; startling siinilarily brtwrrn tbr r(*Iigions 
ritual of Crrle* and that of Molienjo-daro. 'Dir bull 
grappling frats in wliirli tlir Crrtaiis rrvrllt*d, many 
tiinrs otlrring Mi(*ms«*lvrs ns sarriHrial foddrr lo tlu* 
dritirs. had its ])ai*allrl in far off Sind. 'I’lir fn*s**ors 
illustrating tbrsi* rituals r(*srmblrd onr aiiollirr 
rlosrly. 'Du* liuliis Vallry propir, lu* tlioiiglit, livrd 
at tlu* riid of llu* stoiir age* as hardly any iin-tal imph*- 
mrnls bad brrii foiiiul at Mohrnjo-daro tiioiigli thrrr 
was a plrlliora of sloiir ■in])K-mrnts. 'Dirsr people 
wrn* not a martial rare but wrn* i*ngagc‘d in Mu* prarr- 
fiil avorations of piillrrs, tislirnnrn and Iradc-rs. 
Miilu-njo-daro was a bi-aiitifiilly ])1aim(-d and laid out 
rity wluise l.iiirs anil prrferl brirkwork wriv llir 
admiration of firrscnt arrbarologists. Wr await with 
iiitrrrsl Ihr disrovt*rirs of Dr. Fahri, whirh will, it is 
n-porlfd, hr puhlishrd soon. 

Industrial Investigations in India 

'flu first annua] ri port of the " riidustrial Rrsrarrh 
Fun-aii of tlu- (i(n'f-riimi‘nt of India whirh was ))iib- 
lislud lereiitly ronlains arroiints of im])ortaiit and 
valuabir ri*srarrli work in India, rovi'ring a witir 
\arii ty of subjt*rfs. From a perusal of tlie report il 
will br readily nilinitti-d that llu* linrraii wliirli lias 
lueii working only for a short lime lias proved its 


SCIKNC K * 

nn. TURK 


92 



notes and news 

i-xisloncc* arii]>ly juslififd, uiul it is with ^rca!: satisfnc* 
tioii that tmv luiirs IIk' 1ai*;ri> niniilx'r of industrial 
]in)bl«“in.s vital to tin: inlcrrsl of India that an- l>«‘iii»: 
vxainiTK'd by the Jiiirt'aii and tlu* ditlVn-nt ways in 
whit'll rurtluT possibilities of industrial ilevcloinnenl 
of till* foiinlry arc bciii^ explored. 

l’ro])erlies of dilfen'iit ])ainls; use of ve.i*:elahh* 
oils for Inbriealioii or for furl for inli rnal eoiid)Us- 
lion marines: examination of stands and p:rav(‘ls for 
use in eerneni ; invt'sti^aiitin of Ihe eonsiruelioii of tlry 
eleetrit* cells; analysis iif Intlian sands and felspars 
b>r the ^lass industry lliese are some of I lie rest arch 
work dealt with in the report, (a) J*nhit 'Tliret* 
fences, cai'h ISO ft. lon^, have been put up for test 
work. Diirin/a: the year l.'J Idaek jiaints eoinposed of 
maf^netie oxide of inm and other black ]iif'menls in 
(lifb'reiit proportions have been pn'part'd anti t xposetl. 
DilTereiit kinds of white ])aitits have als<» been pre- 
pared and will be subjected to tests in the open. 
Other types of ])aints with which tests will be made 
are lead, j^rey, j?reen, and red oxide, (ft) Dr if Crfts — 
Kc|uipiiH‘nt is bein/ui^ obtained to experiment with in- 
gredients obtained in India for the makiiit^ of dry 
cells. Dry cells of well-known makes h.ive been 
obtained and carefully <‘xamined. (e) (ihiss So far 
the work done is (d’ an analytical nature. For 
I xample, six speeinmns of coloured ju:lass ban;»les of 
Indian and .lapani'se maiiiifaetiire have bec'ii complete- 
ly an.ilysed. Further tests of a similar nature art 
now bein^ made. In addition, eiyjit samples of 
Indian sands have been analys*‘d to determine their 
suitability for the nianufaetiirt' of .!»lass. (ri) f’rrfr- 
liihir Oils for Inlcrnal Cotnimstiofi h'.iiff'incs — \rran"e- 
menls have bet'ii made ftir obtaining suitable (pianlities 
of ihe bdlowinjn Iiuliaii vei;ttable oil — arachis, iiius- 
tanl, sesame, cotton seed, and castor, for e\aininin;^ 
tile possibility of iisinj^ tlu-ni as lubricants. J^upplies 
of oil of futinifil, oil of hannij and inferior arachts 
oils wt're also obtaiiit'd for trial as fuel in li^ht Diesel 
‘■ni;-ines. Intt-rnal combustion t ni^ines, bot!i petrol 
and Diesel, have Ium'II obtained for these experiments, 
fci /iiiiltrniff Mu/er/Vz/.v. (/.inn’, santl. cvmrul, siirl.i)- 
A ( omprt hensix e ])ro]L>'ramme h;is been drawn up for 
‘O ikino- mortar and eonerele leit*.. A laroi' number 
ol s;unph's of sand and i^rax'd havi* been eolleeteil 
Irmn dilVtu'ent ]daees in India in or<ler that the most 
''iiilable shall be selected. 

Industrial intt lli^iaiec is one » f th fuue'ions t»f 
the ibirenu. For instanee, at the rec]Uest id’ the 


Indian Central Colton Commillee ,an examination has 
been initiated of the possibility of maiiufaeturin^ in 
India artificial silk and staple fibre. It is noted that 
the fiiimber of ini|uiries from iiidiisl rizdisi s has been 
disappoint ino:Iy small. 'I'he report contains an im- 
portant ehaptep dealing with co-ordination between 
the Hiireau .'ind Ihe Impi-rial ('ouneil of .V^rieultur.'d 
Heseareli. Such iniportaid .'■ubjeels .as sufrar, lae and 
veiiclable oils are diseussi-d. 'I’lie eoiieentration of 
siiixar researeh at the llareourt Hutler Institute is 
referreil to. One of the items of researeh beini{ 
undertaken by Ihe Ibirean, however, is that of the use 
of molasses in liuu* lonereti*. Ileseari'h on fatty oils 
is also in progress at the llareourt Muller Institute. 
'I'his is a subji et which has hi eii undertaken under the 
auspices of Ihe Mureaii. 

Tortuosity of Rivers 

A (jueslion of vital importaiue to irrii'ation is, 
Why do rivers wind? 'Tie (’enlral Moaril of Irriga- 
tion wroli* to authorities on irripitioii in all parts of 
the world to collect data on this question, .‘iid some 
of the replies are ; 4 :iven in their report. Mr. D. X. 
Sen Ciiipta, Kxeeutive Fnj^ineer, Mental, pointed out 
that the (lances bejian with a tortuosity of 10 per 
I'ent.. then fell to live per ccid. increased up to ;I0 per 
cc'id., droppiiifi: a^'aiii to ].*> per cent. 1 1 would 
a))piar that the tortuosity of thi‘ rivers Increased as 
the discharj^e was redueed. 'riiere were many rivers 
in Meiiii^al to be studied and so mueh data to be eollee- 
led that it was not possible to invest ligate Ihe subject 
properly unless special faeililies were provided. 

'I’vvo ri'i'i'iit eases of river erosion at important 
towns in Meng';d were f|Uoli‘d. 'I'liere was the town of 
Siraja;unj, which was threatened with eouqilcte 
obliteration, ]>arl of the city briny; .-letually carried 
away, before Ihe town was saird by the adoption of 
suitable bank protective works. On the other haiiil, 
Ihe town of Noakhali had praclically disappeared, for 
no ;il tempt was made to control the ri\er. owin^ to thi' 
cost, in relation to Ihe value of ]iroperly involved beiiijr 
prohibitive. 'I’lie Mrahmapuira rivi'r had left its old 
course toward*-' the cud «d‘ (he ISIh century with the 
result that towns like .Mymensinyh had been adversely 
afl'eeled. In .'iddition lo such troubles that follow'd! 
ehanyes in the course of rlv« rs, there was the fact that 
the districts served by ihein lost ii» he.alth .and pros- 
]»erilv, Ihe soil beiny; impoverislied. Details are zdso 
yi\en id’ the ehzinyes in a number of other rivers in 
Menyal. F.mbankments had been tried, but did not 
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appear to have a niarkeil rllVi-l in rctliu-in^ tiu' wind 

i>f rivers. Hivi rs ini‘»:hl Iw arrested in their wind 
in;» hy prox idiin;' proteeiioii to l)anlvs whieh w» re ht^iiii^ 
I’roded. 

Irrigalion in India 

.V repnrl siininiari/.inii: the work that is hi iiiii; 
diiiir on irri.'r;it iniial prnl)lems in finlia has reeeiilly 
heeii piililisiit (! I«y the Ceiilral lioanl of Irri gation for 
India. 'I'iie total anionni of enit ix aled land in India 
depending; on irri,:*alion is ahont iO.OOO.OOO .aens and 
employs ahont ."iP.OOO.OttO people. 'I’he value of 
erops prodiieed in this irri^alid area ainminl'v to ahont 
Its. too eron s. I‘ra< t ieally all this xxork iinolxiin*’ 
the liniidiiiij: of over 7 “#.000 miles of ^•;^nals and flistri 
hniories - has him dix eloped in the last <50 i»r 70 
years. When the pr< sml irri“a I ion works are fully 
developed, the area heiieliiti d will he ahoul .“#0.000.000 
fieres (the ana eommamled hy tlnse works will, of 
eoiirse, he approvimati ly Iwiia' as ‘•reatj. 

Water loiL*:i!:iM,ii: is naojuni/aal to he one of the most 
serious prohlenis and it is reported that iinnierons 
experiments are in proi!:n'ss in ditfen nt prox inees to 
lie'll! this problem. 

On the ijiiestion of land reelamalion and }>reven 
lion id' land deterioral ion. it is slated that experiimnts 
had In ell carried out xxhieh shoxved that water e<in 
taininy; soluble salts eould he used for irrijiation, pr«) 

X iiled there xxas ealeiinn present in the xvater or the 
soil or in holh. 'I'his presence of ealeium salts pre 
X fills h.ase e\'ehani>e net ion lakin;j>’ plaei- lietweeii the 
sodium :ind ealeium in the elay eomjxlex. 'I’he 

lleseareh (’ommitlee haxe. therefore, decided that irri- 
,i>;alion water xvilh a salt eontent of more lhan liO 
])arls per 100.000 parts of xvater may he used \xilh- 
oul detriment to the soil, prox ided there is sutfieii-nl 
I'aleium present in Ihe water, or in the soil, or in 
both. It xvas reported that a formula hail hei n 
evolxed at the 1*101 jal> Irrigation l{esi-areh rnstiiiite 
xvhieh xxonid indicate xvhellier the xvater xvas suitahh* 
for irrit-alion or not. It xvas <|iei»led that ahove a 
salt eontent of f20 parts ]n r 100.000 parts of xvater, 
there is no possibility of previntiiij*; damage. Fur 
I her xvork is now in progress in the Ihmjali and in 

Siiul. 

.Nfalaria, in eoimexion xvith irri^at i ni, xvas anotlier 
prohlem that had to he (hall xvith. It xvas fell that 


tlierc wa.s not sufficient evidence to decide the cause 
of the incrcast* in malaria in Sind. At the same 
tiim*. a/rrccnieiit was reached tliat there .should be close 
eo-operatioii ht'txveeii irrigation and medical aullior- 
ities to ])reveiit malaria. 

One of the most important steps forxvard under 
the .aefiii.s of the Hoard is tin* hiiildin^ of niodt'ls in 
order to lest out various tluoriirs for the control of 
rivers. 'I’lie opinion xvas expressial that no sinii;h 
provinee eoiild or should take an i‘\])eriiiierital work 
of that nature, and that it shouhl he undertaken hy 
a spreial resiareli station linams'd from the centre to 
he oi*<;ani/.<‘d hy pr.'ielieal e\pc-rls. l*oona xvas sn^ 
i;i sled as adinirahlv siiitid as a site for siieli a researeli 
station liaxini;' the iit'eessary facilities and a «»;oo»l 
eliin;di‘. We are y.Iail that the Hoard haxe at last 
re;di/id tin* im])orlanee cd' a river physics laboratory. 
\\\' have slresseil it lu'fore. 'riie rpiestiori of loca- 
tion. Iiowever, should hi* eari'fiilly considered. 

B. B. C. ( harter Renewed 

'I’he Hrilisli (iox erniiund’s decision on fh-' charier 
of the Hrilisi) Hroadcsssliiii;; ( '(O*|>oral ion folloxvs lht‘ 
main lines of (he I'llsxvali-r (‘oinmitti'e Rc-])orl. 

'I’he charier will he extended for ten years from 
Deeeinlu r »*{]. 'I’he immlier of _i»ox(*riiors xvill he in- 
creased from sexc ‘11 to 10. 'I’lu' salary of the* Chairman 
will he t'a.OOO a xc.'ip and of Ihe other ;»‘overnors 
t' 1,000 a year. 'I’ln* Corporation’s share c:f public 
n-eciviiii»’ livcnc’cs. xvhieh xvill rem.’tiii imehaii«;‘ed 
at lOs. pvr annum. will he incre;isi-d. It 
has also been decided that the- sh.ire id’ the* ncaiviny; 
lieeiic’c revenue’ rc'taiiied hx Ihe I'.xeheipier for lO.'Oi 
should he Cl .O.-jO.OOO. exeliisixe of iiieomelax, ]>ayahh’ 
hy Hu- H. H. C. 

'I'he Ciovm'nineiil express I hi- x iexv that the* C’orpo 
ration should eoiitinue to re frain from eommeiitin«>: 
on current affairs both in its broadcasts and in tlu’ 
Corporal ion’s oxvn piihlieations. 

'I’In- Ooxc-rnment a]i]irovc Ihe c-oiitiiiiii'd exclusion 
i>f adx < ri isrinenls and c’xpress the o])iiiion that Ihi’ 
responsible dej^arlments sliniild take all possible steps 
to ])rexent the hroacU’Mst ini^ of foreij^n advert iscmi’iit 
pri>j»;ramincs. 

'I'hi* l‘',mpire Hroadc*asl in^ Service’, the ffOX'crnmeiit 
add, shoidd he dc xvlopccl. I'lir lic’ciisiii^ of nday 
exeliaiiires should he coiitiiiiic’d for threes years, the 
IhislmasliT (icneral hcin«r ^ivc’ii jiowcr to take over 
the re-lavs a flcrxvaril.s. 
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A Icc’liiiifal iiiv(‘.sti^ali(in of iiilcrfcrcruv with 
broadi'asUii^ is (o lx* (‘oriiplcti'tl as soon as possilili* 
ami, if luaTssarv, fiirlluT powors will In- siuirjjlil. 

(Mivt riiiiK iit Ihr proposal llial I ho <mi1 

liiral si<lr t»f Hu‘ broadrasliny; cslimatrs sitoiilil l»o 
prcsciitt'd si.‘paratt‘Iy in ordt'r lo fai-ililali* iiu* d<-t>ali‘ 
on ll't'in l>y llu' Iloiiso of Coniinoiis. 

'IMu- (iovoriiiin iit also approvi lliat llu* (‘orpora- 
lioii's •-lair should In* lillrd on Ihr ri‘ooiinni-nd.‘d ion of 
llir Si ha tioii i^oaril, ton'ollirr with slalf is prrs»‘»ila 
lion. As n^-ards tin* ( 'nrporal ion's alliiiidc towards 
llnir iinplovrjs’ pri\ato li\rs. tin* ( i'ovi-nnnrnt an* 
of opinion that tin* i;«*ni*!*al prarlii.*i* of tin* Civil 
Si rvii-o shouhl lx* follow<(l. 

Health of School Students 

'Till rcmilly I In* hnliiration 1 )rpai'liin*nt of 
lioii.ii'al paid lillh* atl(’iilio!i to tin* ln*alth of slinh*nts. 
and it is lln rifon* vory i;rat i fyiiiy; lo liinl tin- l)i*p;irt 
nil ill l.aUin^: inti-n sl in lln* infdh r. 'l in y lsa-% 1 * -»*t 
lij), it is pi'.-asinu; lo noti . Ihi* Si-Iii'iin* (d‘ nn-iiiml 
sii|)i*v\ ision of si'hool rliildn n in (lovi rinn«*nl ami 
( .oM-rnnn nl aiih d schools in CaK ntla, and as it "lias 
•iiaduallv liiionn* \rry popvdar wilh lln* slndi nts and 
Nil* pnhlii* has also hcL;Mn lo approoiali* its \ahn*,’ 

.\ ■ woi'Id liko I ho s< lioino hi iiii;- workod in olln r parls 
of IJoiitial and in dilloroMl provinoos, (in*ilor a»*H\o 
ailoiilion ono'lil In ho paid in rural .ii*« as lo sitiool 
liviiiiin and looal sanitary i’(Midiiions hy lln* anlhori- 
l:. s, hooanx lllo ju*asanls ai*** iiioslly iiiinoranl of thoi 
in:|nn*ta}iio am! tin* inilh.xls lo hillow and also dn-* 
lo tin- laok fif no(*ossary fai'ililiis in villau'is. 

It is ploasiiij^* lo iind oi lln* lh*«ss Ntsh* is‘.i>od hy 
lllo I'ri'ss OtMoor of till* ( Io\ i-rninonl of Ih nu'al lhal 
"as a roMdt of ropo.ih il o\.*nninal ions oarrhvl on hy 
iiiodioal lUspt'i'lors followtd hy iho issin of niin’ndor 
r.*ii*ils to '^n.'inlians and hy tin* int rodm-l ion of a 
sliidoiils’ t linio. a distiiiol h iidonoy towards diminul ion 
of (h*foi*ts anion,<;'si sindonis in tln*si* schools is now 
noliciahh*. Lack id' inforo* I shown hv tin* ^'iia'aliaiis 
in lln* ln*allli iif lhi*ir ward-., social and i*<*ononii4* t*on- 
dilii)ns of many of Iho miardians, Ihoir iy;noranco and 
nc»i;lii»;cin*i*, aro sonio of lln* l aiiscs whioli arc rolardinjx 
a movi* ra])id diminution id' lln* di*fo'*ls." Ot oliiU 
hiiys in ,*10 (iov(*rnnu'nl and (iiivi*rniin*nl-aiilcd sc-ln>ols 
(Hij^h and .Middle Kii,!>:lisli ) in Caloiilla oxamined 
during* hy Ihnn* medical inspt*chir.s. if h'iO or 

■1*7 p.e. were dcfi*«*live as against aO ^i.e. of tin* ]>re 
viiMis year (See Sciknck .\ni> Ci lii hk Vol. I, No. U, 


])p. (5Ji5 Jdll. I)iscases of lln* eye. tin»lh, Ihroat, ilines- 
livi* syslctn. ainl inalnni rition are as usual lln* eoinmoti 
dt*ft*cls. ITOiJ hoys or .*10 per etiil wart* snlfcrini^ 
from .Icfeclivi* vision; oTl) or II per ei-nl l'i***in ilciilal 
defeels; 1 .'JOd tir ‘j:? per i*cnl from throat ilisi-ascs; 
a larj^c niiiidx r fri»m iliseast s «»f the di.ufst iva* sysltni; 
ainl l.TOo hoys or :ii) per ci iil fniin nialiiiil ril ion. 

'I'hc popular notion, s.i \ s |||i- Note, lhal many 
i»f iMir hiivs arc until for physio, -il c\oi*i*isi is w ron«i*. 
Old;. liO or U. I- per i*cnl of lln* lioys !ia\ ini*' hc« n found 
!•» he iiidil for such exercise. Slmh nU nnisl l;*ki* some 
lonn of phvsii*il o*,i r» iso dailv al Innin-. ’I'ln* |iri si nl 
svsliin id' eoinpiilsorv p!i\sii*;d cm ri ise iti l!n* sehoid 
lwii*e a wi*eL is iioi snlliiienl. Il can oidy h aeli llnm 
lln* main priiniples ;inil halo llnm in liiseiplim*. 
(inardi.'.'js sl-.ould pav i»i*i ah r alli nlimi l'» li:i* ilii 1 i»f 
lliiii* whiili shiiidd he will lialainid aui! i*iMd*iiii 

snfru*ii id pi*iil< in ami all llsi vilaini'.is. Milk miisl he 
in-iodt d in I In* tiii I a i*y o!‘ i Iiiiilreo -inil al Ii I { si i r, 
it iinl linos*, shonlil hi* lal i n h*. i ai li hoy dai!' . 

Vo lm| io*ianl fi ahir-.* id ilu* *a li- nn* is tin es|;ihlish 
nu*iil id' a simh iils* elinii . wlii;*'» npian d diirin;;* lln* 
year. 'lln enralivi* im asiin s jiroposed lhri‘ii”li Ihe 
< st;!id’diim‘id id’ Ihis i l.‘ti:\* lia'i* mil, liowe*ii*r, I’ldlv 
developifl vel. r.l'Jorls an* h. imu* made lo i xlend Ihis 
sein me in lln* m ar fi.hin*. I’ln elinie alVords Inal- 
*n» nl 1*1. :• ill j'ev (s of Ihe l ye, (i i III. h-iisils. ear and no^e 
he sitlos mnei;:l ailmerd' o!’ lin* In art and Ininas. i li*. 
'I’h.' al leiidain-i* of slmlents was mil very sal isf.-nlory . 
tin linii- lii ln'i; • iiiial'i! io an oel of 1' •* *1 \ place. 

In » i*in hisioi! we wo.dd Ilk** In dr.iw lln* 
.'llh idiiMl id' t'.e l'*ade| lo Ihe cm*, llelil leellire ih* 
livired hv l.l. C.il. li. N. ('Ii »j»r.*i dnriii'i lln* ih n.^al 
Kdiieat ion Week, I’l Iirnarv l!';:.:, on Si*iiiiol lly-j^iine 
( SI e S( :r.\'c i: v \n ( 'r i 'I'l lo . \'oI. I, \o. I*J. j)p. 

h‘»*»-}i|. j wln*rein In* sl;ih s lhal heallh is no! aetpiired 
hv In*n*dily alone, hnl e.-ni o?dy emm* hy edni*.-di\e 
mirinre, and proeeei!*, lo sa\ lhal as we in ed lirslly 
"the knowli-ilji'e of hyu;iem* and sieomll; tin* practice 
of hy.uii*ne. " lln Ihree groups of pi rsons who have 
spi i*i:il ri spoiisihilities an* lln* pan iils. lln* leaelier. 
and the ianiilit. "(hi iln*m depends [In* Inallh vlandard 
of the ni*w :;'i neral ion," ;iml "Ihe study and ]iraeliee 
of ln*allh mnsl form, from lln* first, p;n*l of every day 
lift* of Ihe st*liool." 

Improvement of National Diet 

.Vinoiii*' tin* reeoinmtntlalioiis <d' lln* .^^^.\(*d 
Comiiiiitee of Nut ril ion of Ihe f.t*a«:ne of Nalions, lo 
he suhmilled lo the Asseinhly, are tin* followin',!;; 
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111 onlrr ti> jirtniiofi* riidcMvoiirs lo .secure an 
aclr((iiatt‘ pnivision for all llieir people of necessary and 
more esp»*eially of proleeUve foods, the Mixed (\mi- 
millee sn^jy:<sts to I he Assembly to recommend that 
(iovernmeiits sluoiM i-neoiira^e and support in every 
possihlc way the seieiililie study of iiiilritioii prohh'ins 
with a \ iew to asecrt aiiiinp; the oplimiiin iiiitrilion for 
each eoiiiilry, ihie lonsideralion heinu: i^ivcn 
diflerciiers of national economic striieturt*. id' elimale 
and 'd' ;iv:n'lahh' sonrcj-s id* supply. 

'riiey should lake all appropriate mt'asurcs to 
ensure that the latest informal ion about nutrition is 
in* hided in the leaehiniif of medical students and that 
nicdieal praef it ioners, medical oflii'crs of health and 
district nursfs. eondiiel a \ ij»'orons policy of rdiieation 
and propaL*anda for the instruetion of the i^tni'ral 
public in this subjeet. Support I lie lltallli Orirani- 
/alion of the I.eai»ue of Nations, not only in the. work 
of its tet'hnii'al eoiniiiitlees, but also in its endeaioiirs 
in the tield of public health and preventive inedieine 
to promote the application of modern nutritional 
seiinee for the benefit of the dillereiit a^^e and oeeiipa- 
tional groups of the ]io])ulation. 

C’onsiiler what steps should be taken, whe ther at 
the jiublie charge or otherwise, to meet the nutritional 
needs of the lower income sections of the eoinimmity; 
and in p;irlieular the nie.ans by whii*h they might 
ensure that adei|iiate supply of foi^l, ispeeially safe 
milk, Nliniild be made available. 

Consider what further steps might be taken to meet 
the nutrition.al needs of adults, unemployed or other 
wise in distress. With a view to assuring purity of food 
ami in the interest of jiublie health, promote, so far as 
possible, the inti mat ional unification of the teehnii al 
aiial\sis and control of food stidf, and of llu- eonirol 
of pre])ar;it ions sold primarily for tin ir \iiamiii eon- 
lent on the basis of the work Ining londiuliil on 
standardi/alion of biologii al proituets. Set up stand 
ards of is fen nei- ;ind speeilie.ations for gradiog foiids 
of all kinds .aeeording’ to i|U.Mlily .‘iiid consider whether 
any i!>odifieal ion of tlu ir ge neral eeiuiomie and eom- 
mereia! poliey is desir.ilde in order to eiisuri- adeijiiate 
supplii s of fooilslutVs and. in p.irlieular, to .assist the 
reorientation of agrieullur.al prodc-et ion neeessarv to 
.satisfy the n ituireiueuls of sound nutrition. 

fii order, i/iffr tiliii, to aseertaiu how far existing 
national dietaries fall short of tlie new standards of 
nutrition, eolleel information on food eonsuintition bv 


families of different oe<‘iipationaI groiip.s at different 
income levels as well as in the distribution of tlic 
]}opiilation by family income. Consider to whal extent 
and by what means their national statistics of the 
.sii])])ly and consumption of individual foods might 
be improved. 

Irvine Committee Report 

Some time back, H. K. the Viceroy appointed 
a (’ninmiltee presided over by Sir Jairu's Irvine, to 
review the working of the Indian Institute of Seieiiee, 
Bangalore, with special reference to the pur])ose for 
which it was founded, and if any changes are eonsi 
dereil d(‘sirahle in the orgaiiixatioii or activities of 
the Institute for better aehi(‘vemeiit of these purposes, 
to make recommendations accordingly. 

We imdersland lhal the Irvim* Committee has 
snhiiiil li-d its r(‘])ort, but it is still confidential. We 
fpioti' below from a reeeiil r(‘]>orl in I lie Slntrsmtin 
n‘garding the limi ting of the Coimeil of llu- Institute 
of Science when* Irviiu* Coinniillee's Beporl was 
considered : 

.\n I vlraordinary meeiingof the governing council 
of the hidiaii Inslilule of Seienee, founded 27 years 
ago by tile late Mr. .1. N. 'I'ala. was held lo day 
(duly 2) under llie ehairmansliip of Colonel C. '1. C. 
Blowden. Brilisli Resident in Mysore. 

All members were present including Sir P. C. Hay 
and .Mr. Sliyaina Prasad Mookerjee, N'iei* Chaiieellor 
of (’aleiitla Cniiersily. 

'Pile main ilcin of biisim ss was the t‘onsideralion 
of the Re]>orl of the Commit ti-r presidi'd o’.i-r liy Sir 
, lanes lr\ini*. Pile report, which lias been submitted 
lo the Viceroy, rc\ii \vs tin- aitivil'es of the Institute 
for llu past tile years aiul embodies suggestions for 
ineri-.asing the Insliliile’s usefulness. 

'Pile report is <>till ennfldeiit ial but it is nndersiood 
lliai the com. dtlcc critici/cs the administration of 
.Sir C. V. Raman, the Director id’ the hislilulc. 
While n-cognizing Sir C. Raman's p'.isition as 

an I miuent physicist, the Irvine Conimitlci a]))U‘ars 
to haM lueii impressed by the vobmic of personal 
hosiilily wliicli, it is alleged, has been shown to him 
liy a section of tcai'hcrs and stndciils of the Tnsliliile. 
'Phis siclioM, ])robably aggrieved at the ihangcs made 
in the administration and jursoiiiud of the Institute, 
iiilrodiieed by Sir (’. V. Raman to (‘eoiiomize ex])eTuli 
lure aiul bring about proper eo ordination between 
the departments, submitted a eonfidtuitial memoran- 
dum lo the members of the Irvine Committee. 
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The* C’oniniittcc sat in camera. 

'I’lif main rrcoiniiifiulalioii of the Commllttt*, it is 
iindt-rslood, is to I'lirtail tlir ])o\Vi‘rs of tiu* Director 
iticliKliii.^ those of making apimiiiliiieiils, admission of 
stiuh'iils and f^rant of seholarsliips. In oth‘*r words, 
it is intended l<» make tlie Director tfie ]Jrofessor in 
chaiv^e of his own depart iiieiil. It is furtlicr proposed 
to al)o1isli the post of ])ersonaI assistant to tin* 
Director. 

'I’he idea ap]>arently is to follciw tlu* ])Ian originally 
adopted by thf .\,i'Ti<idtural Heseanli Inslituh* at 
l*iisa of haviii;^ a noii-tt'clinieal man for co-ordinating 
I lie activities of the various fhpartments. 

It is Ix'lieved that Sir (\ V. naman has snbinitt(*d 
a note to tiie ('oimeil stating that such an arrangeint'iit 
Wiiidil lead to disruption and ipdis<-ipline. He has 
also refuted the alh'^ations of favouritism and pntroii- 
ai;'e made against liim. 

Military Training for StueJmts 

A sehenie calculated to inipnive the (jeality of 
reeruitinent to the rniversity 'rraining (’orps and t<i 
promote enthusiasm among students of the I'niversity 
for military training, uas r4<*inlly a<lo])Jed by the 
Sriiale of the (‘al<*ulla I’niversily. 'I'he seheine was 
Mil- result 4if an iii<|uiry nrnlertakeii liy a (’onimitle** 
«»f the rniversity who, in the course of their report, 
Malid: 

Wt' recommend that military studies be iii(*lnded 
as a siili jeet for examiiial i4»n in tin* I'niversily. 'rhere 
\\ill 1)4- two 4 ‘\auiiiiations in tin* subj<-4t, oiu* bas4’<l 
on a ji.nitir an4l the 4>ther on a si iii<ir course of stu4li4‘s. 
Vo om* will In- eligible f«)r Ihe seiiiiu* 4‘xaiiiinat ion un- 
less III* has pre\ioiis1y jiassetl the juiii4»r 4 \aim'iial iiOi. 
I'lu* course for 4 aeli will be bir a peri4>d 4if aboiil 
two years. Kaeh examinaliim will 1)4* 4livid4‘d inio I wo 
parts, praeli4*al and lhe4iri*l ii al, l arrying 100 marks 
1 -14*11. ('an4lidal4*s must pass 4*aeh p4irli4m S4*paralelv, 
I 111* evamination will hi* op4 n only t4) htnialide slinieiits 
ol (lie I 'niv4’rsily, who are also iiiemhers 4)f (he L"niv4 r- 
''ity Training (' 4 )rps. 'riie praeti4al portion 4)f the 
work will he (hme in the (\n*ps. 

'Idle practical i'\amiiiati 4 Mi shall he I)as 4 “<l on 4 lrill 
'•vilh and without arms, weapon training and tactical 
training according to a ]'>r4>gi*amm4* I 4 ) he prepare4l by 
Ihe Calcutta L'niversity 'F raining Cdirps H 4 *ndqiiarier.s. 
The course for the Senior Certificate ViXamiiuilion 

:)7 


shall he of an advanced eharaeler. The exaininntion 
.shall he subdivided into tliree parts: 

(i) (i4*neral training; 

(ii) W4*ap4m training; and 

(iii) Colle4*livc* training. 

'Flu* marks fi)!- (lu* ])raefi4‘al 4‘xamination shall lie 
awarde<l 4 ) 11 - -(a) final t4*sts (41 b4‘ liehl at the linu* of 
the txamiiialioii ; and (1») r4*eords of service of the 
eanditlales. 

'Flu* Ilu*4ir4*ti4*al porii4m shall in4*liui4* llu* f<dl 4 )wiiig 
Mibji4“l.s:- - 

.li'.\ 11)11 C4)i'ii.si-: 

1. Military Hygiene and Camp Sanitation. 

L*. Map Iti adiiig aiul ri4‘M Ski*t4-Iiing. 

it. Diseij>liiU' and espril tie coips. 

-I*. Hist4»ry 4»f llu* .\."*iy in India. 

it. Badges and Symbcils of Hank in llu* Fighting 
For4*es. 

0. Cl)ara4*lerisli4*s 4)f Infantry W'eapiiiis. 

7. Drgaiiization 4)f ilu* drmy in India. 

Skmou ('4)1 Ksr. 

1. Sel4*ete4l Cam])aigiis 4)f llu* fir4*al War. 

2. ( Irganix.dion and Administration 4)f an Infantry 

I ’nil ill Peae4* and War. 

‘i. Rolls 4)f the Armed l'’or4*i*s 4»f flu* I*!mpir4*. 

t. Cliarailiristies of .Military M'c'apons. 

it. Itiiperial Military (ieograjiliy with sp4eial refer- 
eni‘4‘ to India. 

fi. Dnlii’s in aiil of ('ivil I*4)wer. 

It will be S4*en that the ‘‘eluiiu adopted is fairly 
4*4)mpr4-liensivt* ;iiul will go a long w ;iy to impart tlu* 
ne4*essarv training to those who laki* it ii]). 

Indian Sc ience Abslrac Ls 

'Flu* Xational Institiiti* of Si*i4*iu*4*s of India, 
Cal(*ntt i. resohi-d lo issue a piihli4*al ion muler tlu* tilh* 
“/in/’aa Sr'unrr .IIksI nicls'* with llu* siih title ‘lh*ing 
an .\iinolal»*i! IJihliograpIiy of Seic*nee in India’ e\4*ry 
V 4 *ar. Tlu* first |)irt of !liis piihlieal ion has heiii 
issued. I'iit l/u* (o ni ral l-'.fiitor, laalizing flu* iiiijiossi- 
hililv 4 ) 1 ' making siuli a piihlieation 4*oiM])let4‘ without 
the aetixe et) operation of all sei<'nlitu' workers in llu* 
4'4)iinh'\, reipu sts Iheni kiiullx lo lo4)k ihroiigh tlu* Isl 
Fart aiul S 4 *i* wlu*ther all their '.eieiililli* ])uhlieati 4 )iis 
i.ssn 4 * 4 l 4 liiring liax e heeri iiii huli-d in it. .V 

giM'al ileal of malb r for the ‘Jiul Fart is already in 
type, and if all the workers will kinilly lu lp hy si iuliiig 
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r.'if'Is of .siifli llifir ]);i|)irs as liavo not Iwvii 
iiK'liidrd ill Part 1. this will ( iisiirr making tiu* rct'iird 
for all I Ik* srii nUrK* piililirai ions issiini 
(luring /wi pftssaul it may Im* iiolial tiiai llio 

piildioatioii is iiiUtifk'd io iindiidc abslraots of all 
sriciifiHi- pap rs pi'hlislird in India, as also of papers 
])ul)1islu‘d abroad on work done in India or based on 
Indian material. 

'rile arrani>( meiil id' abstraets in l*arl I tif the 
Al)sl nicis is purely tentative, and Miv;y:est ions for 
makiii,!>' the pnlilieal inii more* nsefid will be L^'ratt' fully 
naa ived, and an ■‘itl(‘ni])l made to embody, as far as 
possible, siieb siiii\i;<“>lions in Ibe siieeeedini^ part's. 

histruetifins for the preparation of abstraets eaii 
be obtained from the ofliees of the National liistitiite 
of Seii'iiees »>l‘ India, I l*a?-k Streit. Talentta 

Krishnakiiinari Gaiiosli Prasad Prize and i\k'<lal 

(for 1938) 

'I’lii' Coimeil of the ('aleiilta .Mat In mat ieal Society 
inxilts “Tlnsis" embodying; the lasidl of Ori.uiiiai 
la seareb or investi^;alion in the folUtwini*; subjec t, for 
the K risnaknm.ari (Janesh Ib’asact I’rix.i- and (iold 
.Medal for the year Ifh'ts. 

"Lilts and Works <d' the ten famous Hindu 
Mathenrtl it iaiis : 

(1) .'vryablialta. f‘J) N'arahamiliir, ( .*» ) IMi.iskara 
1, (I) Lalla, ( .“) ) Isramhan’upta. (d) Sriilhar, (7) 
Mahabir, (Sj Sripati, (P) lihaskara 11, (10) 
Nar.iyana. 

'I'he last tiny id’ submitlini'- the thesis for the 
Jirescul awaid is ;{lsl March iP.’tS, 'I'lir^e eopies 
of the- thc-sis (type written i are to be submitted. 

'The eompi tition is tipeii to all nali'iiials td’ the- 
world without any distinct ion of race, caste .)r erc-ed. 

•Ml t.'ommunieat ions are to be sent to the* SecTt tarv, 
Calcutta Mathematical Soeied \ , l.’pper Circular 
Jbiad. Calcutta. 

Tile Orij'in of Syphili.s 

1 here has been no little controversy over the 
oriifin of syphilis in India — whether it is an aiieieril 
disease tir a comparatively recent one, as believed by 


many (e. 1700 a.d., or a little earlier), and in the latter 
ease liow it w'as iinportiM, in ease it was not the out- 
c-ome of the jici*nwtli of a similar ailment, v.fjr. upadam- 
sha, mentioned by (diaraka. The faet that it is named 
firitifflii rntftt in vc'rnaenlar Icriids j^reat weight to the 
belief that it was imported into this country by the 
west. Dr. I). V .Subba Ilc*ddy of the Medical College*, 
Vi/aga])alaiii. in his tliesis, "Aiiliepiity of Syphilis in 
India, wliii-li was awardcfl the Cliaraku Memorial 
Pri/e (published in the* Tndiati Jour, of Venereal 
ni.sease.s, .lime IP.’Jd) deals in some details with this 
ejnc'stitm. Snell \'eneri“al diseases mentioned in ;iiieienl 
medical lile raliire ed’ this i-onntry, esi)e*eially Charaka 
ami Sushrnta. as apadanisha, praineha, ele. an* not 
re‘ally syphilis as might be* be-Iieveel by some*. Sy])bilis 
as is known now-a days as a sju-eitie in j('e*t.ion was 
not imderstood by the* U-aeliers of .Vynrved, nnlil it 
was inlrodiieed in India in a viriilenl form from onl- 
siel. . pe rhaps by tile Porlilgue se. Vet ae-cordifig to 
Dr. ILtlely, the slndy ed’ Ibe* aneieiil Indian medical 
lileralurt's will hardly le-ad one* to de(*iil(* the* cpiestion 
ed’ its origin. ".\ny iiiijiarlial and eritie*al sliide*nt 
who pi ruM's Ihi* eolli‘i*litm e>f passiiges from Charak:i 
and Snshrida. bearing in mind the ir great antiepiily 
and lilt- diHifull ii‘s in the way of his re‘a1i/.ing their 
\ iew point, will hesilali* to ;isst rl that syphilis did 
lud exist in anliepiily. On the oilier Iianil, he* is a 
bold man inde ed, who c an, on I In* basis of tlie se* frag- 
meiifs and ee'hoes, eleliniiely liiagnose* s>philis in an 
eieiil India.” "Yet Charaka ami Snshnila did not 
and eonhl not have* described sxpbilis ami |)arlienlarl\ 
sypidlis .'is it manifesis itselt to-i|;’v. So f.ar regard 
ing the* Iiiiliaii origin id' the iliseasi . hi tin* .Vppeiidis 
to this p;iper id Dr. I{l■lllly (/n. Jour. VvL Dis.) tin- 
cpieshdn how it came (o Lnrope is dealt with .‘imi 
though "its origin is a ((ueslinn eive-r wiii(*h histin*ians 
argiii*. the pi*epomli ram*i* of e \ iclcnee points to 
.Vme*rii*a as the siuiri’e of the ilise*asi*.” 'I’hen* 
reasons to sn|)pose* that this "elis.*asr of the Isle o! 
Lspaiiola was lirst inirodiii'e’d into hbirope* wlieii tlu 
crew ed (.'olinnhiis returned to Spain in 1 I'JKI after his 
\oyage to the \e-w World, iiifeeled with sypliilis. and 
mum rous e*lironie*Iers of Spanish Ame rica te stify to 
Ihe pre*-CoIiimbian e*xislt*riee‘ of syphylis in Ame rica. 
Hilt so far as the Old World is et»net*rm*d, one* thing 
is i*e*rtain that "the march of the army of Cdiarles VM 11 
of Prance* to Naples is, in the Old World, the real 
.starter of the* syjdiilis-inotor.” 
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Reflection of Radio waves from 6 to 60 Kms. 

Prof. S. K. ^fitra anil Mr. P. Shyain {Xaturf, 
15)35) were, Ihe first to annoiinee refleetioii of 
radio waves from a virtual heijUflit of 55 Kins. Reeeiit- 
ly, however, .Mitra and Hhar (Scikni k & ('ri/rrHK, /, 
7S2, 193(i) report eehoes from hi'i^hts of 20 to 
:U) Kins. 'I'hese observations have now been eonfirined 
bv others. Colwell and Prieiid have reeently reported 
(Sature 7S2, 5)lli May, lJ)3d) echo refleetioii from 
hei^Jits 5 to 50 Kms. 'Pliey I'lnployed two freqiieneies 
(l.()ll' .Me|See. and 3.l'i)2 .MejSec*.) and found that 
irem-rallv there are reflections from two parts of the 
rej'ion at virtual heights of 5-30 Kins, and 10 55 Kms. 
'I’h(‘ re^^ion has been found to be very erratie speeially 
diiriii;r the siinsi't and sunrise periods. The polariza- 
tion and the intensity of the rellei-ted eehoes have been 
found to ihauj;e with great rapidity. 11. A. Watson Wat* 
and his eo- workers, using frequencies lying between 
(i and 12 .NfelSec., havi* also eonfirined fht* results 
(Sahtre, S(id, 23rd May lJ)3d). 'Mieir observations 
sIkiw I hat the region from fJ to (iO Kms. can be sub- 
divided into three distinct regions — (I ) d to 11 Kms., 
(2) 15 :o 50 Kms., and (3) about tiO Kms. 'The ioniza- 
tion of the intermediate region 15 to 50 Kms. height 
has been found to be replenished by local thunder- 
storms. 'riie region near about 00 Kins, has been 
found to bo independent of the lower two regions. 
Prof. Mitra has proposed to name this region as the 
(’ region and lielieves that the meehanisin of Keeles 
— Lnrinor theory is unsuitalile to ai’eouiit for these 
refleetions (.Va/wre, 807, May 23rd 1030). 

Kehoes have siinullaneously appeared from those 
hover regions and the E and F-regions, and in order 
l»» physieally understand the. presenee of these eehoes 
it seems that we have to eonsider the view held by 
Kirby, Gilliland and other Anieriean workers that it 
is a case of partial reflection and partial refraction of 
waves. F'lirther observations of this nature will 
llirow a considerable light on the nature of nieeha- 
nism of reflection and llieorelieal explanation of the 
problem. 

G. /?. T. 


Quartz Oscillator as a Modulator of Intensity of 

•-ight 

The modulation of light was so long elVeeted by 
various nietluids IkiIIi fur high and low freqiieiiey 
ranges, Kerr Cell being usisl for frerpieney of flu* 
order 10' Hertz. 

lleeently H. K. U. Heeker, W. Haiile and (). 
Maeri‘ks^ have devised a method that excels iithers 
liolh ill siinplieity and ingriiiiity. 'I’hr disad\';iii- 
tages when working wilh Kerr Cidl an* many; 
the lieplid iiitrohenztiu- iiseil in the cell e<im- 
plelely absorbs tin* vioh‘1 and the ultra-violet 
regions of the speetrum. Further the applied field of 
high freqiieney sets the polar inoleeiiles in oseillation. 
whereby the (eiiipiTatiire of flu* licpiid is raised : and 
Ibis does not favour double pi'fraetiiui. In tlu* ]»reseiit 
met bod ell these disadvantages are eliminateil. 

The uiuhTlying principle of Ihe nuthod is the 
proiluetioii of stationary waves in a licpiid eoliiinii 
with a fpiartz plate oseillntiiig with freipuiiey i’ and 
immers(‘d in tlu* liquid. In fnmt of tlu* oscillator and 
at a suitable distaiua* from it is ))laeed a refleetor. 'I'lu* 
stationary waves thus set up vanish 2 v times ]H-r 
second. 'Phis property of tlu* stationary waves has 
bet*!! made use of in the present ease. 

Parallel rays from a quick silver lamp are allowed 
to pass through a rectangular glass vesst*] eoiilaining 
the liquid in a ilireetioii parallel to the surface of the 
cpiartz plate. 'Phe inti'iisity of light passing through 
the liquid eoluinii and parallel to the quartz plate is 
then modulated 2 r ) tiint*.s per see. 'Phe (‘im*rgenl 
light is next foeiissi'd on the slit of a photo cell, the 
intensity of the liglil reeeivetl being variable. The 
intensity is maximum at the instant at which the sta- 
tionary waves vanish (i.e. when the resiillanl dis- 
placement at all points within llie liquid eoluinn is 
zero). 'Phe photo cell can either bo plai*ed in the 
path of the ilireet emergent rays or at the first order 
speetrum. 'Pliiis the inlensity of the light falling on 
the cell can he regulated. 

1. Phtjfi. Zeit., 37, No. 11. 
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Apart from its otlur advaiilaf^rs ovrr tin* K«'rr 
Crll, iinlikf ill tin* oast* of I In- Ki-rr (\*I1 I In- powt-r 
(‘xpriiilrd in this <-a.si‘ is vi-ry low. and llir li^lil iiud- 
driil on llir iicpiiil coliiiiin can Ih* increased in (piantily 
In- simply iisiiiy; a lens oC wide aperture and varying 
tin- dislanee Ijetwi i ii llie (piarl/. plate and the reflector, 
'rhe velocity of tin- ultrasonic waves oidy elianjjes 
the distance between the sneeessive nodi-s (i.r. the 
^•■ratinij: const.) and. llu-rt-l'ore, ei'.aii^in^- tin* lif{iiid 
tin- ,i 4 ;ratiiii*' i-onslaiit as well as the nn>dnlatioii can In- 
varied. 

'I'ln- inodidator t-an also he used for low fr«-(|nen(‘y 
nv'dulalion. fn this t-ase tin- amplitude of tin* oscil- 
lating eirenit is niodnialed hy siiilahle d(*vit*e. ainl 
tin-rehy tin- nalnrt- «)f the sound « rating in the 
liquid eoluinn is also modulated at low fri-()uem‘y. 

Thus it is (-xpet-teil that a nieliiod so simple and 
in)»-enious would in near future rt-pIa<-«- the mon* »-la- 
horate and c-xpi*n.sive nn-tiiods in use now a < lays. 

/). 

Vitamin I\ 

A nutritional disease of (*hieks eharaeteri/ed hy 
suhcutain oils, intrainusi-idar and abdominal haemor— 
rhaj»:es, i<rolon}*;ed blood- clotting time and t-rosion of 
tin* gizzard lining*' was re])ort<-d in dt-tail by Ibdst 
and Jlalhrook early in from I5arkh-y, California. 

'I'his could In- c-iired by tin- use of fresh c*abbaj;e. 
Suhs<-(|iu-iitly Dam and Sehonheyd«-r from ( 'opc-nhaj^en 
extended tin* work furtln-r and showed that haemor- 
rha^<- is caused hy tin- laek of a s]n-eifie antihaemor- 
riia^ii- f;'(-tor whi<-h is different from vitamin ('. 
'riiis fa«-lor is a fat sohddt- vitamin pn-sent in Im/^ 
li fat, in ip d. It Kah d tt It- 

tlt-i»’rt-(- ill many t-i-reals. 'I'his antih.*iemorrh;i^i(* 
vitamin eannot be identilh-d with tin* tilher fat soluble 
vitamins .\ and I). Consequently they suiip-sted tin* 
t(-nii \ilamin K for this antihaeinorriia^it- factor. Tln- 
vitamiii oi curs in the e asily stdiihle non sti red fraction 
of tin- unsaponiliahle matter and ean lu- taken up by 
i)(l methyl .-detihol from a ]n-tride-mii e-lln-r solution 
of the iiiisaponifiahh- eoin-e*ntrate. Tin- quant itativi* 
ilett-rminat itm t»f vitamin K is hast-d upon the <-nraliv<* 
method. Din- unit id' the \itamin is the smalh-st 
amount whie-h tlurini>; a t-erlain time e-an brin<r a sick 
animal with a ee-rtain ih-.!;re*e of morbidity to the 
normal slate with ri-speet to the elotlin;^ time*. Tin* 
Hutlmrs suu'^'i-ste-d that lae-k eif vitamin K e*auses a 


decrease of the cJoltm^ ai-ceh^rating component in the 
blood. Recently Almqnist and Stokstad 187, 

/iNl. IP.’ifi) in investigating wliethcr j^i/zard erosion 
is a true portion of the hacinorrhape* syndrome or a 
separate disease, not c-aiiscd by defieieney of the anti- 
Jiaeniori ha^ic vit.amin find tliat antif^izzard erosion 
ae*tivity of Kale or alfalfa cxtra<*ts was not ]>ropor- 
tioiial to their antilucmorrhagie* activity, ddicy find 
that the* aiiti^izzard i-rosion activity is localized in the 
saponifiable fraetiem. 'riie-y therefore eonelude that 
^ixzarel e rosion is not a portion of the hae^morrhafi^ie 
synelremie-, hut a se*parate defieieney disease whii*h may 
he t-e>rri-e*ti'el by a ne*w fnt-.seiluble* factor fenind in 
Ihe sapemifiablc fraction and probably vitamin in 
"«^‘***^* //. y. Ilanrrjee. 

A Colour Reaction for Vitamin D 

At ]o*esent the only lest for the detee-tion and 
de-te-rmiiialiem of vitamin 1) in a siihstanee is made 
hy the* j liysiedei^ie-al me-lhod. 'rile metheiel is tedious 
as skiagrams eif the- e-xpe-riinc'iital animals have* to be- 
taken freini time* to time*. Any re-liable- e*e)le>rime*trie 
me-theid spi-eilie for vitamin I) would therefore be 
ve*ry we-le-eime*. Dr. Halele-il anel .Mrs. 'I’/emi (.Va/., 
/oV, OOP, |p;d>) re-port that they have developed 
.such a eeilour reaction for the detection anel <h-ter- 
minatiein of Vitamin 1). 'I'he test is carried enit as 
fedleiws: 

The seiliitieiii of ste*rols, disseilved in heiize-iie*, petrol, 
f-tlie-r eir e-hleireifeirin is evaporale-el tei aiieiut 0. 25 e-.e*. 
in a test tube aiul 5 to 10 elreips ed’ a solution of 0.1 
pe*r ee-n;. pyrei^alleil in absolute* ale-eihol ailde-el. Afte r 
he*atin«^ em a wate-r bath. 2 to I elreips of a freshly 
])re-pare’el 10 pe r e-eiil. seiliiiioii eif eiry aluminium e-hlo 
riele* fe*xlra pure*) in absolute* aIe*eihol .'idele*d and ihe- 
he-atin.:r eontiniie-d. If vitamin D is pre-se-nt a ele-ep 
viede-t e-eileiiir appe-ars at the* bottom of the* test tiihe-, 
re-ae'liin^; its maximum intensity in aheuit !• minutes. 
Teir subseque nt e-oleirimc-trie- dete-rmination the- n*ae*tinn 
preidue-t is innne'iliate*ly dis.seilve-d in absolute ale*ohol 
anel a eurre*nt eif elry bleiw'ii eive‘r the seilution li» 

pi*e-\iiii ii.sielatiein. 'I'he- test tube* is lhe*n ke*]it eleise-el 
with a rubbt-r steqipe-r. Within an hour the; (‘oloiir 
floe*s neil e-han^e. so that (|uantitaliv(‘ de-lermination 
e-an be easily eleine by me ans of an ordinary c'eileiri- 
inele*r. 'I’lie smallest ele-leetable amount by this 
me-theid is .about 0.0002 m^;. of vitamin 1) and the- 
optimal (plant it y feir the* colorimetric determinatieiii 
has been found to be 0.01 to 0.1 iiig. 

//. xV. Banvrjee. 
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research notes 

On the Cadak Festival of Bengal 

Rcc'cntly two inlrrcsliniLi: c'oininiinii'alititis on llir 
Cadak fi-stival of Hrni^al liavo luvri puMislit'd. In 
the foniuT one «*ntillrd “'riie Cadak festival in 
Heiigal” {Journal of I hr .Isialic Sncivlif of Hrnifal, 
lAlhrs, I., ;ii)7-J*0(i, pis. 0-10, lO.’Ui) Mr. K. \\ 
C’liattopadliyaya (Icsi-rihrs this festival which has heeii 
observed by liim in full details in Heliaghata and. in 
a lesser tletail, in Paddapiikiir ( Hhowanipiir) and 
Monoharpiikiir in ('aleiilla. 'I'lie brief description of 
this festival is as follows : It be^riris a week before 
the end of the month of ('aitra ( March -April ) and 
euhninales on the last day of that month which also 
marks the close of the year in Henjral. One tempo- 
rary thatched hut is eonstrueled. In it an altar 
{vrdi) is made and the phallic ima^i* <if Jsiva is placed 
in the centre of the altar. The devtdees wear ochre - 
coloured ehith, aiul saeretl thread with a rool *if tiu* 
li'itsa ^rass tied in a knot at the eentri* of the bun(‘h 
of tlireads. 'They fast during the day-time on tiie 
!25lh Caitra ami inslal the tihallie imaj^e of isiva on 
the same ilay. At ni^ht after the ceremonies of tin* 
day are over, the devote«*s eat hai'ishifa. I’rom the 
:idth to the .‘loth Caitra J^iva is worshippt'd from the 
afternoon. I'inally the priest immerses tfie imaj^e 
of .*siva in the (Janjues. AloujL!: with these religious 
ceremonies there are some special eiremoiiies which 
are observed on days tixed for theiii. 'I’hey nn* the 
following :■ — 1. 'I'lie swiiiy; over the lire. 2. TIh 
jum|) on thorns. :i. 'Flic jump on knivi's. I. The 
piercing with arrows. Ti. 'I’he marriajiie of Siva, 
and lire dance. (5. 'I'he swin«y on the ('adnk tree. 
7. The pro])iliation of I lie resiis^-itated ‘•hosts. In 
the cone 1 1 id i lie; section tin- aiitlior opim-s that “the 
Manda festival, the ('adak and Dharina worship are 
closely connected, ideiiti<*al in many respi-els ami 
have a eiinnnon orij^in." 

In the latter one entitled "'riie C‘ult of Kalarka- 
nidra (Cadakapuja )’’ (ihhl, ])]>. I<;i0-.‘1.S, lO.'lCi) Mr. 
( hint aharan Chakravarlv ,i>'i\'es the details o f this eidt 
ae<‘ordin«f tt) the evidence furnished by thna* manuals 
of ritual, r/.r., K:llarkuriidra puja paddhati, Cadaka- 
puja paddhati ami one ms. of Kalarkarmlra puja. 
Aeeordiiif^ to him the worship is perftirnied in aeeord- 
aiiee with the 'Fantrie rites. Amon^: the peculiarities 
ami special features of this ritual mention has been 
made of mutlrdhhanjaua, adhivtisa or (frUasannyaxa, 
dz'tirapdia puja, the lustration (»f the j)rineipal deity. 


the salutation of the principal deity by the **sai'tgas** 
.and the worship of various peculiar deities little 
known to students of Hindu mytholojjy. The author 
believi's that most probably this (*ult was not popular 
amoiiju: the hia:h class people during the tiimr of 
(iovimlananda and Haj>‘himandana. For this r«'ason we 
do not lind the mention of this I'ult in the smriti works 
«>f these two authors. 'File author further believes 
that this cult is possibly a survival of soim* ritualistic 
practices of llu* Pd.su palas which were looked down 
upon by orthodox llrahmans. There is als«> the 
likelihood that a number of mm- Hrahmanieal and 
pn* Hrahmanieal ]iraeliees survive in the Cadakapuja. 

-C. C. Das (iupla. 

On Korku Memorial Tablets 

In an interesting eommunieatioii entitled “A note 
on Korku memorial tablets" {Man in India, Pi, 72-78, 
IP.'Ki) Hai llahadiir Sarat ('handra Roy supplements 
the information about these memorial tablets supplital 
for th*‘ lirst time by Major 1). H. (Jordon in Man, 1!), 
IPIlti. He has eolh‘eted this information in tin* 
course of an anthropoloi>‘i(‘;d tour in the Iletiil district 
of the (‘eiilral Fro\ inc*es. According to him an imli- 
vidued tablet is calk'd a niitnda and each collection of 
muudas is c-alletl a Jagar by the Korkus of the Ibdul 
district. He* docs not accept tin* thi'ory of Major 
(Jordim that the ori,i>*in of these tabh'ts is to be ascrib- 
ed to certain ancient Hindu m.'inorial slonc-pillars 
and land j^ranls but lu lii'ves that these tablets seem 
to have ce.iue to the Korkus from their ))rehistorie 
ancestors wln> usi'd to erect meiitiirs and put up dol- 
mens over the j;;raves of tlu-ir deail ancestors as some 
Miinda triln-s do up till now. He has furtin r pointed 
»nit that the practice <>f seltiiiij up stone memorials in 
honour of the deeeasi'il is an ancient custom with sornt* 
of the Miimla tribes, such as the ^^unda, the Ho, 
the Rhuniij and tin* Pahira of Chota \a«i:j)ur, as with 
tin* Korkus of tin- Central Proviiie»*s. 

— C. (’. Das (iupla 

Trans-uranic Eleinenls 

In Fermi' claimed to have produced an cic 

inimt of atomic numher higher than P2 by bonibardiiifc 
I'ranium with neutrons. 'Flu* ex."et atomic number 

1. Nnturr, hit, S'»8, 
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roiihl n:)t bf (It'lcriniiicd ; but the fact lljat the new 
raclioai'tive product of fialf period i.*i riiiiiutc's could 
be carried by maiifranc.se dioxide precipitate and some 
other te.st.s pointed to its haviiifr an atomic niiinber 
liif^lier than that of uranium. 'I'here was also another 
product- (»f half period iU)-100 minutes, which could 
be eo-precipitated with rht'nimn sulphide. 

Cirossc and Afrriiss* challciifreil Fermi's statement 
on the basis that lhc.se co-])recijiilalion tests were 
iiiconcliisivt*. 'I’lu-y hchl that the ))rodiicls were 
isotopes of ika- tantalum, cJianfriiifr by /^-emis.sion 
into i.solopcs of uranium. 

In view of this conlrovcrsy it is intere.sling to 
find Hahn, Meitner and Slrassman report int* in the 
Ajiril issue of the lirrichte dcr th^nlscheu chcnu/tchfii 
Gesscllsrhafl that they liave devised means to sepa- 
rate the products of disintcfifration from the ])arent 
substance and from one anotlu'r. 'I'hey find tiiat the 
radio elements produced by Fermi are really trans 
uranic elements, the lonffiT lived product a niixtiirt* <if 
hoiiiolof^ues of t/u* l^t-frroiip (At. Xos. itl-iHi). 
Allofretlier o or o* transuranic elements have been 
detected, rirj., two isotopes 4»f JUt, two »d' eka-osmium. 
one of ( Ua iridium and ])erha])s one of eka-platinum. 
The corrcspondiiifr half life piTiotls are l(i minutes, 
2.2 miniilcs, 12 hours, 52) miniitt's, :i days and about 
:t hours. 

'riu* lirst and thin! ^muluets are produced by fast 
neutrons, the rest more readily by slow. 'I’he process 
may be visiiali/ed as fast neutrons reinovinj^ another 
from the niich'us and slow beiiifr absorbed. Tlic pro- 
duct is stabilixi'd by emission of //-rays with conse- 
quent increase in atomic number. Three \Vil.s<m 
C’hamber photofrraphs are f^iven as evidence of 
ft radiation by such elements. 

J\ UairChmulhurL 


2. Prop. Roy. Snr„ m, l')S, l‘)34 
Nature, lii4, rr.?, 19.vl 


Shankland’s Experiment and the Conservation 
Principles 

On p. (U2 in the April issue of this journal we 
have already reported on Shankland’s^ experiment 
which records an apparent failure of the photon 
theory of scattering. The experiment is a test of 
(i) the relation of simultaneity in the ejection of the 
photon and the appearance of the recoil electron and 
of (//) an unambiguous connection between the 
directions of the two as proposed by the photon 
theory. On the results of his experiment we are 
forced to give up either (/i) or both (i) and (/<) toge- 
ther. The re.sults are thus of a very fundamental 
nature ui>d il appears that in .seeking an explanation 
the 1 ‘onservation principles must be given up. 

Dirac" is of o))inion that an interpretation .shall 
follow something on the lines of the dispersion theory 
of Hohr, KramtTs and Slater, which denies the prin- 
cipli's of conservation of energy for iiulividiial atomic 
pr<M‘csscs, though it gives a statistical con.scrvation. 
On such a lhe«»ry both (/) and (//) have to be aban- 
doned. 

Feh'rl.s" has recently siiggf'sted that there may 
yet be other inlcrprctaticms than the one proposed by 
Dirat*. 'riiiis, ac4‘t>rding to him, (/) may still hold, 
but the relation between the directions of the photon 
and the recoil electron may be (liUVrcnt from that 
given by tlu* eon.scrvation laws. Wv can either 
suppo.se that (ii) breaks down for any freqiumcy of 
the incident radiation or that (i/) holds for small fre- 
fpicncies, but deviations gradually ai)pear for higher 
values of the frequency. On this latti-r basis we can 
give up not only the cons4*rvali4»n principle for indi- 
vidual atomic proccs.scs, nut alsf) tin? stati-stical eon- 
.servation principle. 

A decision between the.se intt'rpretalions can only 
Im* made in the light of further experiment, and il 
will be idle to discuss here their theoretical merits 
and demerits. 

1). P, Uay^Chaudhuri. 

1. Phyg Reo., 43, 103u 

2. Nature, 1S7, 298, 1936 

3. Nature, 137, 904, 193b 
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Calcutta Mathematical Society 

All ordinary inrrtin^ of tiu* Calcutta Matlicmalical 
Society was held in tlic Society’s room on Sunday, 
the fJili duly, at 5 p.m. 

Thr fnil(i7ci»t/ ftaprrs ic'crc rrtitf 

(I) M. li. Skn Note on the Sfahility of a thin 
plalc under cd^c thrust, Imcklin^ hciiifj 
resisted bv a small force varyinpj as the dis- 
jjlaeeinelit. 

(:i) M. Dk. Drri’MiKi- A reduelion formula for 
the. functions of tlu* second kiiul eonneeled 
with the Polynomials <d' Applied Matlie- 
maties. 

(;j) It. C. Monk and S. X. Itiiv — On the four cen- 
troids of a eloseil convex surface. 

(J) .AJ. fJiiosn- - 'File theory of exl<iisional vilnvi- 
lion of a lM*am exeite<l by I he loii^jjiludinal 
impai't at the fixed end, tin* other eiul bi'iiig 
free. 

(5) N. Ci. SiiMioK On lidinite inlej^rals of 
Hessel’s fuiieliotis. 

fd) X. (’. Cii.\TTi:njKK and P. X. Das (Ji cta 
O n tile Irreducible invariant and eovariaiil 
system of two <iualeriiary <imulrii*s and I we. 
linear eimiplexes. 

(7) S. (iiiosii — A note on llu' vibrations of a 
circular riii«f. 

( tS ) It. (’. l>osK-- 'riu- theory (d* associated skew 
I eelM.if^ular peiitaf^oiis. 

(!)) H. S. (’oxTKu ( (’aiahrn/r/e)-- On Selilallis 
^eiierali/.ation of Napier’s Pentai'ranima 
Miritieum (Cnmniunicalctl hi/ Prof, F. I.rvi). 

Botanical Society of Bengal 

A meeting of the Itotanieal Society of Peiigal was 
held on the i)tli .July, l.d.’td in the Holaiiieal Labora- 
tory, Calcutta University. 

77n* follorchuf paper xcas read : — 

^lu. I. 1 Unku.ti— Sterility in CoUtcasia anihiuarum 
Sehoft. 
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Royal Asiatic Society of Bengal 

All ordinary monthly inci ting i»f the Hoyai. A.siATie 
Soi iKTY OK Hknoai. was held tin 1st .luiie, 

'I’he following candidates w«’r«* ballotied bn* a*; 
Onlinary Mtaubers : 

•SVm, JHendni Mnhnn, m. ko., ii.se., r.n.n.s., 
K.N.i., Assistant Directin’ id’ Public Instruction, 
Heiigal ; d.'t, l.austiowiu' li«>ad. Calcutta. 

Ahmad, .Itfa'jiiddin, Khau Ibiliadiir. .M..V., Hi tired 
Assistant Director of Public lustruetion, Hengal; 
Dhalhora, P.O. Tainluk, Midna])iir. 

'I’lie following paper was nad : 

]. P. C. Sk\(,i i*ta yV/i’ dale iif tUr lihdrala 
flaHlr, 

'rile aim id' this pajier is to asiartain the ilate of 
the Hharata Hattie fi’iim tlie aslroimmieal rid'erenees 
ill IIh’ Mahdhhdrala itsi lf. 'I’he author first gives an 
oulliiii- lijstiiry id’ si>mi i>f the uolabh n sisari’lies for 
findini*: lliis ilali* in the past, ami slmws that their 
residls have Ik i u all iiu*onelusivi‘. He then states the 
thna* traditions for thi‘ dale of llie i’\ent., .‘{102 

n.i'., 2 !■ l-t) M.e. and 11-21 li.e. asi-ribabh’ ri’Spi’ctively 
ti) Aryabhata I ( HlP a.d., Vnlilha (iarga (much 
earlii-r than .\ryabhata I ) and tlu* astronomical writer 
iif the parduas, 'I'he aiitlmr mentions the names of 
some notable sujiporters id' these three traditiiiiis. He 
rhi’ii points i)ul how important it is tii find accurately 
the date i>f the Hharata Halth- fi>r fixing the ehri»no- 
logy of the Fedas, iirdhmaiin anil tin* ( ’ iianhdiadis. 

'I’he aullmr next eiti s a systiin id' I'onsisteiit astro- 
nomical referi-iii’cs from I hi* Mahdhhdrala from which 
he attempts an approximate sidiition of the problem 
as one on eonjunetiim of the moon with the sun and 
siiiiie iixi’d stars. Hi* finds that tlu* a])proximale posi- 
tion id' the summer sidstitial eidiiri’ id' the year of the 
Hharata Hattie passed through the star Uet/idus, 

whence the yc-ar comes out tii be li.e. a resiilL 

w’hieh fairly agrees with the tradition aseribi'd to 
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Vrddlia that Yiidliistliir lu'caiiu: Kiii^ jii 

ij.c. Hi tilt'll t'xaiiiiiii's tlu* yt'ar 211!) ii.r. astroiio- 
iiiically liy a coiisidfralioii of tlu* iiu-aii motions of the 
sun and the moon and proves that the liiiiisolar pheno- 
mena of the MahaUharala refereiiees did aeliially hap- 
pen in 21 1!) II. e. lie iie.\t ealeiilates the apparent 
loiij^iliideN of the sun, the moon, and some stars for 
some days of tin* year 211!) li.e. and shows eonelusively 
that the fi^lit he^aii on the 1 1th (Jetoher and lasted 
till the •list of the same month and that Itlii.sma 
(;xpire(t on the 2()tli Deeemlier, one day after the sun 
had reaelied the winter solstiee. So far as our know- 
leil^e f!;oes these Mahtihhnrala refereiiees ha>e not been 
used in any otluT previous researehes. 'I’lie author has 
.supplemented his paper by eitin^ s<>me other Maha- 
hhiinita references showiiifi; that there was a time in 
the history of Hindu India, when the summer 
.solstitial eohire passed through the star Uff/iilux and 
the vernal efiiiinoelial year through the star’ group 
Plriatirs, for which the mean dal*- is 2it.")() ii.c . 

The following exhibits were shown and eommeiited 
upon : 

1. CiiiNTAiiAiiAN C’liAKUAVAUTi, — AV tc’I// ncquhcd 
ManuscetplH on the Cult of Kiihjihu. 

Kubjika, the name of an aspect of hte Divine 
.Motiu'r, worshipped in Nepal is not generally known 
to the world of .scholars. 'J'lie literature ilealing with 
I.Ik* details of her worsliip <leposite<l in the Durbar 
Library of Nepal was brought to the notice of seliolars 
by the late Mah.aniahopadhyaya Huraprasad Shastri 
in li)05. MSS. of this literature are not rep«»rted 
from any when* else. Of late Royal Asiatic Society 
of ISeiig.il has bei'ii fortunate in aecpiiring a number of 
.MSS. which have tended to make its eolleetion of the 
Kubjika literature a fair and a representative one. 
A lirii'f aeeoiiiil will be given of the.si* MSS., a study of 
which is expected to tlirow light on a little known but 
interesting I'ult. \i least one of thes<* MSS., viz. the* 
Mahti-Ura mu retina of Ajitanandanatha, disciple of 
Anantanandanatha, appears to bi* uni(|ue; 

2. .M. Hidavat Husain. — A Persian stencilled 
wall-hantfintf Piet tire said to represent *l'mar 
K ha If If dm. 

A beautiful picture done »m cloth, size I 7 "X 17 ", 
with a tpiatraiu from the writings of Umar Khayyam. 

JL Pfiu y Riiown . — A metal Fitfiirine of a Dancer. 

'I’he figurine is !)A inches in height and presume*! 


to be of brass. Obtained from a Nepali dealer but 
rigin unknown. It appear. s to represent a f<irm of ^iva 
but i.s very unusual in it.s treatment, although he holds 
the <lrum {damaru) in the shape of an hour-glass, and 
there is a .serpent coiled round his neck, with another 
above his head. 'I’lie statuette, although rather crudely 
mo<l<‘Iled, is very spirited on its action, and the lively 
movenieiit of the dance i.s vigorously represent***! by the 
)>osition of the legs and arms, ami the flying drapery. 

An Ordinary Monthly Meeting of the R*)yal 
Asiatic Society of Rengal was hehl *)n fith July, 

The following (‘amlidate was balhitt***! for as an 
Onlinary .Member: — 

liakht, Muhammad San area r, ^Maulavi, A.s.sain 
Sehot>I S* rvi**e, .\nglo-..Vrabi** T*'a*'her, Gov(‘rnm<‘nt 
High School, Sibsngar, Assam. 

'I'he billowing exhibits were shown and eom- 
meiite*! upon: 

I. Sl’NITl KiMAII ClIATTKIMl. A SCt of oUl 

Orilfa Plaifintf Cards. 

'1'lu‘se round playing eanls w**re in u.sc in liuiia, — 
at least in Kastern liulia,-- bi'bire the (‘oming of the 
Kiiroperin cards in the l.Sth eeiilury through the inter- 
nmdiaey of the Dutch. It is not known h*iw ol*l tlu'se 
round eanls are , but jiulging from the fact that their 
symlmlism is Hindu, they may b** a n**arly Hindu *)r 
native invention, like other .se*leiilary games like chess 
an*l paehisi.. The niiiidier varies from !)<i tti 120 ami 
more, — tlu- jireseiit set exliitiit***! has OO. For the heart, 
spades, clubs, ami *liamonds of F.uropean ear*ls then* 
are l*itus**s, eonchshell.s, clubs (tin* ga*la *)f Vishnu), 
circles ami s*piares; and *lin'erent g<ids an*l go*ldesses 
als*) figure in these *'ards. Flaying eanls *)f this kiml 
were current in West Ib'iigal anil in Orissa, ami the 
making of them lingered on in Vishniipur in West 
Heiigal till recently, 'riiese eanls have now become 
I'litin'ly obsolete, anil very few peo])le. if any, now 
kn*>w how to play them. Tlu* late .MM. Haraprasad 
Sastri procured a set of Vishniipur cards for the 
l antfiifu Sahitifa Parishad ami wrote an account of the 
iiiaiiiii r of jdayiiig them in the .Journal of that 
Institution. 

J’he pre.sent set *'om*'s from Orissa. The cards are 
m;i*le of cloth slilfened with a ground made of gum, 
and the ilesigiis mostly figures of a goil and godilt'ss 
(or a liuman natfuka ami natfiha)^ freipiently in an 
amonius situation - are painted in brilliant colours. 
l’ietun*s of Jagannath and other Hindu goils u.scil to 
be done on cloth in the same style at Puri, which 


SC]£NCI£ & 
C l) L T U R K 


10 J- 



UNIVERSITY AND ACADEMY NEWS 

j)ilf<riins would carry home with them: now criuh? 
lithographs on paper liavc put an end to this form of 
teniplt! art. The cards exhihited arc small in size, 
heinn only about 2.J inches in diameter. Vislinupiir 
earils arc mueh bifffifer. 'IMu^y form vt^ry s])cei- 

niens of Oriya painting in the traditional style, and 
thev have a dislim-tive pla*‘e in fndiaii miniature paint- 
ing. Krotic secncs like those depicted in the ])rescnt 
set arc lacking in the similar type of round Vishmipiir 
eanis, three dilTenmt sets of which 1 have seen. 'Fhe 
svmbols,-- lotuses, eoiichshells, clubs, etc., are imire 
in cvhlcnce there than human fipfures. 'I’he set exhibited 
may be iifty to ei#i:hty or even a luinclred years ohl. 

2. X. (f. Majcmoak. — ./ terracotta Toi/-cart in 
the Indian Musemn. 

This is a unique sp<*eiinon of a terracotta loy-eart 
which has been in the Museum for many years. Its 
lindspol is unknown, 'rhe cart has six ])assenfrers 
represented in relief ineludin^ two womeii.wlui are all 
in festive mood and en joying themselves, 'rhe party is 
eii^a,s^ed in eating and music, as may be seen from a 
tray conlainin#? ealabh*s, a tahln and a harp. A similar 
e\aiu])lc of a toy-carl has recently been iiis<-ovcred at 
Kosam In Allahabad District, and it is very likely that 
this one also came from the same place. On artistic 
grounds it may la* placed in the Sunga period (about 

ir>0 H.r.) . 

'rile following (‘oinniunii'alioii was made: 

1. N. Hakwkf.i..- fn/hicnre of Oriental motifs 
w/ani hook-hindintjs in F. a rope from the \^th to the 
lS//i eenturi/. 

Fnim the earliest times in Kunipe leather was used 
to etner the boards which in fact formed the preser- 
vative cover for manuscripts. Prior to these ])roleclive 
measures literature was not preservcil in a form to 


which the word ‘book* could properly be a))plicd. The 
carlie.st decorative bindings were those on which 
stamps were made from the impress of metal seals. 
'I'he designs of these seals or dies tended tt» be heraldic 
in eharai'ter. In the nearer cast the art of Arabia and 
Persia lent itself to dei-«)ralive book-binding; and orna- 
ment arabesque in origin and eharaeter reaelu-s a high 
degree of perfection in tiu* illumination of maiiuseripts 
and as an adornment to book lovers in Persia. 'Phe 
materials used for book covers in Persia were ])eeu- 
liarly suited for devehqiing a di-sign whose main 
eliaraeti-ristics are to be found similarly developed in 
eeramies, in textile fabrics, in embroideries and in 
(‘hastal metal work. 

Hy the bt'ginning of the Kith eentiiry in Kurope 
objects of art of oriental workmanship, especially 
those frmii the Middle Kasl, wi*re /inding their way to 
Kurope where, from the first, they were highly ])rized. 
'riiey entered (’entral Kurope by the great Italian 
ports of Venice and (h'lioa. 'Phe 'Piirks — never an 
artistic race- -brought ])ra(‘tieally nothing of beauty 
with them : though they penetrated to the gales of 
Vienna and held many a Danubian position of .strength 
from Itiidapi'st to tin* JJlac*k Sea. Orii-nlal art, Innv- 
ever, macii* a direct eiitrain't* into Spain; and by the 
Spaniards was earrii'd to the norlh-west of Kurope 
when they took possession of the Netherlands. Some 
slight influeneo is observabh* in Russian book-binding. 
Hut. for the most part, the infliieiK*!* moves through 
flal\ int(» Kranee and t lienee into Kngland, where it 
gn*ally aif*‘c*ts design during tin* Kith century. 

'Pile eommimiealion will be illiistralid jiartly by 
speeimens of work in poss«>ssion of the Society, but 
more by ri*ferenee to coloured and other reproductions 
of ileeorative book bindings in Mr. Hob.son’s Hook- 
biiidiings in ('ainbridge l.ibraries, a work towards 
which the author, in .some .sense, personally 
eoiitribiiltd. 
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The Solar System and its Origin — liif Professor 
Ilenrtf Sorris liusseP, Dlreefor of the Prhieeton ( nt ■ 
versitf! Ohsen'atori/ and Research Associate of the 
ytt. IVUsoH Otiservatttrif. Pp. /* ! Jfl !' plates. 
The yiacmillan Com pan if * \etc Yorh. Price Ss. Gd, 

Professor Hiisscll is one of llie foremost of 
Aineri*'«ii aslroplivsiri.sls and is well known lor tlie 
liieidily with wliieli lie writes on iiilrieate astropli ysieal 
])rol)leiiis. In the ]iresi‘iil hojik PmiVs.sor Itussell 
gives an exei lleiil, short, and np-to dati* aeeounl, with- 
out inlrodiieing inatheinatieal teeliniealities, of this 
very faseinating snh jeet. 'Phe hook is di\ ide<1 into 
tliree chapters. 'I’hc first <ine deals with the dyitaiuieal 
jiroperties of the stilar system. 'Phe s<dar system 
comprises nine large plaiuts, satellites (hehmging 
to six of these planets), about ;t(),()()() asteroids (as 
estimated by liaade), more than 100,000 comets, and 
innnmerahle meteors. 'Plus is a highly complex .sys- 
tem, hut whether there exist in space other .systems 
like our own must remain (for ever) a matter of 
.sptH'iilatioii, heeaiise even the nearest star is .so distant 
from ns that if it had any planets it would he impo.s- 
sihle to detect them even with the most jHiwerfid 
telescope. 'Phe mass of tin- sun is tremendously great 
as compared to that of the planets — it is ahoiit Ttl* 
times the mass of all the ])lanets tog4*th<*r. .lupiter 
is hy far tin* lu*aviesl of all the planets (a little less 
than three times the mass of all the otlier planets), 
and also of the larg(‘st diameter. .Jupiter al.so stands 
.sn]^reiiie in its eontrihiitiim towards the angular mo- 
ment iiiii possessed hy the, .solar system. 'Pakiiig the 
Earth's orhital angular inoineiitum as the unit, 
.fu])iter's orhital momentum is 7!i*J the total for the 
.solar system being about 1!i()0 units. 'Phe other 
things described in this chapter are the age of the 
Earth, stability of the sy.stein and the motion of the 
comets. 

'Phe second chapter is on tlie physical and eheinieal 
properties of the system. Of all planets, the E^arth 
has the maximum density and Saturn the least. A 
measure of the llatenning at the poles caused hy rapid 
rotation of a planet about its axis allows us to estimate 
the density di.strihution inside it. In this way it i.s 
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found that Afars has nearly the .same density throiigh- 
JHil, the E'arth more eonden.sed (its central density is 
twice the mean density), .Jupiter, Uranii.s and Neptune 
still more so and Saturn ha.s the largest (‘oneentration 
towanls the center. J elf revs has (‘stimatc'd that Saturn 
posses.ses a i>enlral core (of density about .'5..^), a little 
less than half the diameter of the planet. We next 
])a.s.s on to a di.seiission of tlie ))lanetary surface tem- 
peratures and then to their atmosplieres. The eheinieal 
composition of the Earth as a whole — which is tak(*n 
to he the average of the eheinieal composition of the 
l^arth’s crust and of the Mc-teors- is discussed at .some 
h‘ngth and i.s compared with that of the sun. 'J'ln* gt‘ne- 
ral c‘oii(‘lusion follows ( p. 7t>) - -“77#/* Earth, compared 
with Sun, Is I'crtf poor In the atmosphere formlntj 
elements. Pul thus, they suggest tlieir own explanation 
that an iiiuiuuise ainoiitil of atmosplierie gases have 
escaped from the Earth.” 'Phe eseape veloclli/ from 
the Earth is 11.2 Km./See. while the mean inohnilar 
velocity for Hydrogen at is l.tM* Kni/See., and 

1.;H Kin./See. for Htdiuni. ‘Means’ formulae, which 
are based on unchallenged principles of the kinetij* 
tht'ory of gases, indicate that lie* Earth should not at 
present lie losing any thing, even Hydrogen; and this 
(‘onelusion still hohls, evt‘ii if we assume that liu‘. tein 
peraturi; of the uppermost layer j>f the atmosphere is 
100 degrees Centigrade (as indeed it may actually he, 
owing to tin* absorption d' the sun's ultra violet 
radiation hy o/.one). Helium should In* still safer 
against t'.scape; yet there is conclusive evidiuice that 
the Earth is aetually losing it" (p. 7ti). It m.ay he 
worthwhile here to remark that the recent investi 
gations of the upper atmosphc'rc initiated hy Appleton 
and his collaborators indicate that the tein]>aratiire of 
the up])er region reaches 1200 degrees eeiilrigrai’. 
anil possibly much more. 'Phis would make the Heliu 
vchwity about .*1 Kin./Sec. and win// lead to appr*‘cl- 
ahle loss of Ilelium from the Karih^s atmosphere,^ 
Among the ])lanets free oxygen and water vapour 
are present only in the Earth*.s atmosphere. Moon 

1 - * This problem iinay .also have a pos.sihle bearing to 
Prof. Saha's recent suggestion {Obserratory, June 
that the far uUr.a-violet lines of solar spcctruiii are possibly 
einlssion lines. 
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lias no atmosphere. The atmosphere of Venus is 
about equal in extent to that of the Karth, but c‘onsists 
entirely of earboiulioxiile with possibly a trnee of 
oxvgeii and water vapour. Mars has a thin attnos- 
]ihere mostly of water vapour aiul earbondioxide. 
There is no ilire«*t evideiiee iif oxygen, but there is 
strong indirect evideiiee tliat tlie ri-d eohiiir of the 
jihiiiel is <hic to file surfaei* rocks biing o\idi/.<‘d to 
I Ik* red ferric oxide. Piissibly, repn-seiits a 

rondition before life begins ( presenei* <if vegetation 
biH*aks earlmndioxide and generates fn*** oxygni), and 
Mars till* last stages of life disappearing. Tile 
eha))t(‘r elosi's by pointing out some uncxplaiind 
problems eoiineeled with tin* spetira of eoinels. It 
is a most faseiiiating I'hajiter full of information. 

'I'lii* third and tlie last ehapl(‘r of the book di'als 
with the theoriis of the origin of the solar system, 
'riie ohh'st hypothesis is that of Swedeiiburg and Kant 
and malhemetieally wjirked out by I.a]>laie. Tin- 
plaiietesiiiial theory of (Miainherliii and Aroiilfoii, anil 
(he tidal lIuMiry nf .leans aiul .lelTreys are then ties 
eribed. Hut all these theories and their later variants 
iiMve grave defects, the most fatal being om* about 
the distribution of angular momentum whi<‘h is beaiiti 
fully explained and emphasized In Professor llnssell 
for the lirst lime. Tlu* essential point in these Iheorh s 
is that at some past epoch llu- -un suHVred an en 
counter with some star- the eiieomiter being viohnit 
enough so as f<i lea<l t<i the eJe<*tioM of siiflieieiit mass 
from the sun (and the star) to hum tin* planets Hut 
for the collision to be of such violeiiee, the star miisj 
hav«- approached the sun fairly close- if the star was 
of iht "sun’s size and mass tlu* piriludioii <listanee 
ciudd not have been inueh more than a million miles, or 
no ejection of matter woidd have taken place!” ( p. 


113). 'rile eiieoimler would give rise to an angular 
momentum ])er ton about ten times less than what 
is observed for the solar system. 'I’liis is the most 
fatal object ion for all pr»‘vi»uis theories, ami Professor 
Riissidl at the end of tin* book makes two possible 
suggestions to overeoiin* this diftieiilty. 'I’he first ‘.ug 
geslioii is that at tin* time of the em-ounter the sun 
was a binary star. 'This suggestion has its dillieulties 
and Profi’ssor HunscM calls it "not a jiromiiing 
hxpolhesis" f p. l.'tT). In the last .Vpril issue of tlie 
Mont III If H. A. l.ytllelon has exainiiied this 

suggestion iiiatheiiiatieally and fimis that it does not. 
sutler from the obji‘etions feareil by Itussel]. 
I.yltleton’s pap»-r may prove to be an iiiiportaiiL 
contribution on this subjiet. 

’riu* second suggestion of Professor Hiissell is a 
rather di'vasiatiiig one. ft»r it suggests that the 
origin of the solar system is no si-parate problem bill 
is beiimd up with the prolileiii o*' the ori?:;!!! «>f the 
expanding t niverse. 'I’lie theory of the expanding 
I 'inverse assigns to the l'iii\ers» an age of about 
one or two billion" ye;irs. At or near this epoch 
the sti'llar bodies wen* crowded together in a very 
small volume of space and st» must have sulTered 
fref|ueiit eneounters among tht iiist Ivt s leading to the 
hirth of planetary systems. 

'Phis is a most suggestive and stimulating book, full 
of fai'ts brilliantly knit together *o far as the present 
theories .allow them to be iloiie so. One la-ally laijtiys 
reading this Inmk, and if possible om* should posses.s 
it to laaa 1 it over ag:iin and pondt r over many of the 
suggestive problems that it pnseiits. 

I). S. K. 

The billion in lliis Itimk. like all Amerie.ni bunks, 
iiieaiiN a thuusand niillioii and luu a million niilliuii. 
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Letters to the Editor 


Structures of the ZMlotropic Moclificci- 
li(^ns of Sulphur 

In a previous letter, the results of studying roll sulphur, 
flower of sulphur, colloidal sulphur and milk of sulphur 
wore reported by one of the present authors.’ The con- 
clusion was reaehod that the layt two ot the above 
varieties, which had hitherto been regarded as two distinct 
amorphou.s allotropes of sulphur, had the same crystalline 
structure as that of roll or rhombic sulphur, the stable 
crystalline form at ordinary temperatures. Th? result of 
a preliminary experiment with plastic sulphur w’as also 
reported. 

Here we want to ricord, in brief, the results of further 
investigations regarding plastic sulphur and colloidal 
sulphur. 

In the ca.se of plastic sulphur only one diffraction ring 

o 

corresponding to the spacing .*1.6 A approximately, has 
been obtained. This result agrees with what was obtained 
in tho preliminary experiintmi reptjrted in the previous 
letter. This type of sulphur, therefore, must be amor- 
phous. The cellulose thread or a metul wire struc- 
ture, observed in the case of a thread of plastic sulphur 
under tension, by J. J. Trillat and J. Forestier* may be 
due to the tendency of the strongly associated S-atoms 
towards some favoured orientation under the influence of 
the tension. That the plastic sulphur which mav again be 
regarded as super-cooled liquid sulphur contains strongly 
associated S-atoms is clear from the fart that they are 
highly associated even in the vaporous state as is evident 
from its vapour density- values. In the plastic state the 
degree of association may be expected to be at least equal 
to. if not higher than, that at the boiling point. The 
vapour pressure at about this temperature corresponds 
to Sv 

With this idea the observation made by the above 
authors may be explained by comparing it with 
that made by other experimenters in the case of 
extended rubber w'hich also shows a cellulose thread- 
like structure whereas ordinary rubber appears to be 
amorphous. In the case of plastic sulphur, the groups 
of strongly associated atoms may behave as ptilyatomic 
molecules of sulphur. 

Colloidal sulphur has been tested in the state of solu- 
tion in water. One diffuse ring has only been obtained 
and this correspond.^ to tho spacing 3.L'2 A**. We can make 
no conclusive remark as to the origin of this ring at the 
present stage. For, vater itself produces a ring having 

the spacing .{.24 a .learly. However, if the ring be duo 
to the cniloclial particles (which wrere approximately of 


diameters 0.5 1X10 -■* c.m.), they can possess no regular 
arrangement of atoms in them. Further work is in pro- 
gress here to elucidate the point. 

A deposit of colloidal sulphur made by adding NH^OH 
to the solution has also been examined. Four diffraction 
rings w'cre obtained, the outer two being very faint. The 
two inner rings correspond to the spacings, 3.6 a and 
3-0 A approximately. 

A sample of plastic sulphur which had been prepared 
throe weeks before it was tested, has produced four rings 

corresponding to the spacings : 3.8 X. .1.0 A. 2.4 A. and 

o 

2.2 A approximately. These values, being in agreement 
with those of rhombic sulphur, support the idea that plas- 
tic sulphur transforms ultimately into the stable crystalline 
variety at ordinary temperatures. 

Experiments are in progress to study some peculiar- 
ities of lh(* above mentioned allotropes and to determine 
the structure of the remaining modifications of sulphur. 

S. R. Das. 

K. Ray. 

Khaira Laboratory of Physics, 

University College of Science. 

92, Upper Circular Road, Calcutta. 

July. 1936. 

1. SciKNCK a Cui/rukii, June, 

2 . Comptea Rendus, 19*, 19 . 11 . 

( Airious Experience in Rat I^recding 

During the last four years or so white or Albino mice 
have been. bn. < in the Bose Research Institute with a 
view to determining the effect of different diets on the 
development of these animals. A few facts in connec- 
tion with the breeding of mice observed during the course 
of this w’ork may be recorded here. 

The young mice usually produce their first litter 
w'hen 108 to 120 days old, but in a few' cases first litters 
were produced by mice which were only 91 days old. The 
normal period of gestation for the mice was observed to 
vary from 19 to 23 days. 

The following case of a pair of mice is of special 
interest. The female ot this pair produced its first litter 
on the 11th June 1036 .when she was 118 days old. The 
litter consisted of 3 young, one of which died soon after 
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birth, while the other two were suckled by the mc'ther till 
the 7th of July, but after this date it would rot even 
allow its young to go near her. The young were now 
separated from the mother and the next murniii}; it was 
found that during the night the mother had given birth to 
a second litter consisting of two young. Apparently this 
is a case similar to those reported by Kirkham and is 
to be explained as an instance of a lengthened gestation 
period in mice which are pregnant during the suckling of 
the progeny of a previous litter. The delayed impregnation 
of tho young of the second litter is apparently due to an 
inhibitition of some type exerted by the fully activated 
mammary glands upon the uterine mucosa. The fertiliza- 


tion. however, must apparently have taken place as a 
result of coitus before the birth of the first litter. 

We are indebted to Dr. Baini Prasad. Director. Zoolo- 
gical Survey of India, for help in connection with the 
literature on the subject. 


N. C. Nag. 

H. N. Banerjee. 
A. K. Pain. 


Duse Ile.-!iearch Institute Laboratories 
Calcutta and Falta.. 

22nd July 19.36. 


Wo roj^rot (<) jinnomioo tlu* <lr‘atli.s <»!* 

Dr. K »J. S. SIkiw, I)irt*ot<ir of tho Institiito .\jfnoiiI(iir:il IJosonroh ; 

Prof. K. I\. Mjiliiiir .v. it. s. m., Pniioipiil Soioncc Collojfc* and IFoad 
<»F tlu* I)<*partin«‘nt of (Jodlojfv, Hindu rnivoisity, Ihuiaros ; 

Dr. Panohaiiaii ^Ihra, 1 load «»f tho Dopai-tiiiont of Antliropolotry, Caloiilta 
I'liivorsity. 


Ill SricHrr attd (^nlture, 2, p. oO, <?ol. 1. lino .‘I 
/hr Miiddoii’ t’cat! ‘iniddtur. 
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TEXT BOOK OP 

INTERMEDIATE PHYSICS 

BY 

KRISHNA PADA GHOSH, m.sc. 

SCOTTISH CHURCH COLLCOb, CALCUTTA 

COMPLETE IN FOUR VOLUMES 

Recommended as Text Hook of the Caicutta, Benares and other Universities 
and higrhiy spoken of by the leading physicists all over India. 

First volume— ELECTRICITY AND MAGNETISM 

ipp illnstmtious) ... ... 4 0 0 

Second volume— ELEMENTS OF OPTICS 

(pp iUitnlratiunn) ... ... 2 8 0 

Third volume— A TEXT BOOK OF HEAT 

( pp itlastrativus) ... ... 2 8 0 

Fourth volume— GENERL PHYSICS AND SOUND 

(iit preparation) 

Combined volume — HEAT AND OPTICS 4 8 o 


Science anil Culture mkn.s, "Thurt* is ulrcady a 
nu'.iibiM' of bunks ( I'.U-i'li U'it\ iinti in tlu* 

iiisirki't, iiifUiiL III tlu' ili i'iJiinls tif ihf Ik‘«»iiiiu*is 

ill suiiMK't; I'lil ill \i<-\v of tlu' i.'iiuil .uK aiui iiK iit iii 
I'bysiual M‘iuiK*i.*, uiu.* wouM br J^^ti^M-ll in bnii^iii^ 
out a iirw bonk, iiit III poratiiijL; nb a.s ol iiio.lutii J*li\.sics. 
All. CrlioSii lias (.■\nii-iu]\ rcali.’^iil iliis." 

“-All tlifsi* liaxc 111. Ilk* lliu liook ( b'.ltMiu-iits of ( Iptirs) 
oiir of till’ bi'.sl ami must ii]j-to-(lat(' of il.s cla.ss.” 

Prof. P. Ghush of tlm Hi-nau-s ilimlii rnivnsilv xMilivs, 
“I liiivi* i\.'Ciiiiiiiiuiiik'il \ tiiii bonk for my hilxMim'ilia e 
sluik'iits as a test boiik ami it lias also beuii ]mt as 
nmr of tlu- ri'UoiiiiiirmliMl books in tin* syllabus of our 
rnivcr.silv. Wlnm .sin;li a liook is availahk-, wiial is 
tin* iifrc-ssily Ilf .i;oiii^ to sclui’t foiiMj.;ii books 

Prof. S. N. Roy of llu: Kajslialii rollcyc writo.s, "lam 
^liul to inform you tliat wt* liavi- .Tiru.uly rucomimMnleil 
your books on I'.U'utrii'ity ami < )]>tii-s to oiir boys In-u-. 
I hope your m‘\v book on lk*al will also iius't lln- ruc|niri* 
iiuMits of llu! stmlcnls ami bri'oim* niiilu as ])opulai' as 
soon as it will bi* pbn’t'il in ilur m.iikci/' 

Prof. S. N. Banerji of tin* T. N. J. Colk-.no, Bliaj.;al])ur 
writes, “1 h:i\i- aln iuly rLToininuiuU’il your books in my 
classes ami they are beiujjj u.seil." 


Prof. K. G. Ma/.unndar of the Nar.iil V ictoria Colk‘|;e 
wrile.s, "1 lia\i‘ ;»one iliioii;^li \onr booKS. In niy opinion 
they are evceliciil liooks lor the bi‘«;iiim‘rs. I am }.;oinj^ 
lo K'commeml your books to my simn iils." 

Prof. D. P. Acharya of tile Hoogly L'ollcj'e writes, 
“I am ^lail to wnle Unit your book nas been a (li.stiiicL 
iinprovemeiil over otlu-r bm'ks in llie m.iikel. ' 

Dr. D. S. Kothari, M. Sc., Pll. I) (t'antab), Reader 
in I’hxs’c.s, Jlellii Univeisilx iiles, "Mr. t'lliosh's liook 
(lUeineiils «>1 Optics) is really a first rate one foi the 
jire.seiil »la> bij;inin rs." 

Dr. D. P. Roy Chowdhury, l>. Se. w iite.s, "I had the 
oppr>rl unity to hx k into ‘A Text Hook of Ileal’ by 
Mr. K. r. Oliosli as it was eoniiii;^ out of the pre.s.s. 
Theie IS iiiiul novelty ill ilie modes of presjiilalioii. 
The lueiility ot exposition iiml the laii^e number of 
lij;ure.s, examjiles, and woikeil out tlliistralioiis Combine 
to eiihaiuc hij'iily llie uselulnes.s of the book, liarlier 
bouk.s by the aiiihoi have already e.slabli.slied his name 
as a wilier of text books. The present volume not 
only upholds his lepnlation hui al.so heij*hlen.s it. The 
prilUin.u and Rcl-up are also excellent. It is a pleasure 
U> recoiniiieiid this hook." 
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Water Hyacinth 


W'i'ril till* nl' tin* ISi‘ii^:il W Mti-r I lyiiriiilli 

Art in May, Hl'ili, a m-w ^•llaptl•r i.s <•ll)s^•(l in ihi^ iiili*- 
rcsliii^ liistory of this iiaml'^oiui* pc*sl. Lilvi* many 
ilaiijfiTous civaliircs, lliis pi'.-^it lia.s a ^raiM'l’iil fnnii 
ami bi'aiitifiil flownrs which attraclcil the notice <>l’ 
men, ami the plant insimiateil ilselT into the «rooil 
jjuraces of Ihiwer-lovers who iiit roilni'eil it into this 
country. Like many other nnwaiiteil plants sm*h 
jis cacti ami (‘I'ttfon sptn'sf/ Inytts^ tiiis one spreail 
lajiiilly in its land of adoption till it heeame a j^reat. 
mii.sanee. [\mds and jiools end stajrnant .streams 
and railway horrowpits hccainc covered with water 
hyacinth and even enitivalile and cultivated land 
was cneroacheil upon. People }iavc up attempts at 
eheekinj; the spread. 

fn nils the ( liivernment of India issued a pam- 
phlet emphasi/.in^ the necessity ol eradicating this 
pc.st. In l!)*Jl the (iiovernnieiit of Hciij^al appointed 
a Committee under the chairmanship of Sir d. C. 
Pose to investigate into the various aspects nt the 
problem and to sny;j»:est the possililc methoils oi era- 
dication nf the pest, 'riie (^)nnnittee recommended : 

1. “That there is ample .scope of detailed inve.s- 
titriition into m>w methods of eradicaiinj; the Water 
Hyacinth and that until new methods have hecn 
thoroughly tested and the cost worked out, the 
mechanical methods of collecting l>y hand and Imrn- 
iny: or Imryin^ the we(‘d was the most practii’al 
one for the (*onditions prevailinj; in Mental. 

*WVhatever methods for eradicatinj; the pest 
are eventually adopted it will he ah.solntely e.s.scii- 


ti:d tn insist mi cmiccrted actimi from all parties 
concerned. 'I'lie weed spreads .».o rapidly that any 
person who fails to act at the same time as his 
iieijrhhoiir will |)rohahly he responsihle for iin- 
doiiiii: the work of eradication over the whole ai'ca, 
as the pre.senee of W'atcr Hyacinth on his indivulnal 
hoidin^r would nndouhtedly act as a centre for re- 
infection.” 

.\tteiPion thus fociisM'd led many investi;.;ators 
to study the various :ispects of the plant, ^riiiis in 
Helical Kenneth .Machf‘an Pinlow, Mriilil and his 
co-work(*r.s .studied tin* plant from various ])oints of 
view, while \{. L. Sethi puhlishcsl a comi)ri*hensiv<* 
note in l!f_^7 on this pest in the I'nited Piovinces. 

Dr. II. K. Sen inve.'«t ijrnted tin* ntili/ation of the 
water hyaeinth for, :ind advoc ai mI, the production of 
alcohol, etc., from this weed. .Vjrainst this people 
have ar*»:ued that this will [ e iietuate the pest and 
.-slight carele.'-siM'.ss will lead to ii iwi'lcome siir(*adin^ 
of the daililerons weed. 

Althouy:h legislation was recommended hy the Water 
llya<*inth (’ommillee it had not l)e<*n resorted to .so 
far. In the meanwhih* the (lovernmeiit of Hiliar 
and Ori.ssa hel|u*d local hodie.s, espcci.ally in()ri.s.sa, 
to frame hve-law.s lor the I'radicatioii ol thi.s p(*st 
in that re«rion. The District Ikiard of ('uttack 
framed bye-laws (ll»J:5) which made ownership of 
land or water containinjr water hyacinth punishable 
with line if it was not removed after notice had been 
.scrvcil, blit nothinjr tanj^ible was ellected. 


WATER HYACINTH 

Til MllNi »Sir Ili/nry visifcd Orissa aiul, 

iiianiir'(l by tin* (»» wliirli the cxislrd 

tlnT(*, (In-w flu* iitti'iit ion nl* tin* Dislib-t < Xlii'ors to 
tin* scrionsiir>s of tln‘ iMoblriii. In liKJT Mr. N. K. 

i.c.s., wln» at <ni(' fiinc scrvcil in Ib'iiiral. <*ar- 
rird a drive in fin* ci'adifal ion of tlii> |M•^t in flie dis^ 
trift of ( 'iidaek. Mis eiirmy and (‘ntlin<^ia.<sni vlear**<hli(' 
distrirt of Cuttack of lliis pot and other districts 
followed Ids exainpk*. An e\(‘ellent aci'oiint is e:iven 
in Ids bonk jMiblislied in Pd.')t). 

'riiis slmwetl wliat organized «*llbrt «*onld do, but 
tli(> dillicidly of the task was somi rc'ali/ed when the 
weed ap|)eai'(‘d a^^ain in (‘arefnily cleared tanks. 

So far it had lieen thniitrht that the plant ninlti- 
plies v<‘;jctati\a‘ly and althonirh it |)ro<hic<‘d sc*cds 
they did not play any iiM))nrtant part in its spread. 
( )bsess<‘d with this idea tin* olli< ers in char're of 
<*learinej operations were mystilie<l and tonk tin* 
help of a liotanist (P. I'arija »»f Uaveiishaw 
CollejLre, (‘nttack) to unravel tin* mystery. P.arija 
fonn<l that seedlines playe<l a very important part 
in spreading and r<*pnpnlatinu: str<*t<*hes of water in 
Orissa, ^rids was Ciiidinned in Iiiirma by Kob(*rtsoii 
and Iki 'rhein. The fm|)erial Conm'il of A^^ricnltnral 
Research iinanced a scheme of research in Orissa, 
which emphasi/ed the importanee of s<‘cdlin^s in 
clearinef op<'rations and tin* ne<*d for vi^xilaiice year 
alter year as the sce<ls retain their viability Ibr 
several years riinidne;. 

( )m* delect in()ri»a opei'ations was that r<‘liance 
was placc<l on by<*-laws of hu*al l)odics. So loiij; 
as th<*re arc enthusiastic «»tlle(.«rs Iik(* Mr. Peck, 
the b\e laws operate well. I'iNW'n then tin* h»cal 
bo<lies are slow to prosccutt*. It is thcrelori* inevi- 
table that :is somi as presvnre is rela\<'d local bodies 
become slaek ami the stretches of wat«*r are re- 
l»opnlaled with water hyacintli, as is tlie ca.M* in 
Orissa lr«nn all a<'ciinnts. 

"I his daiiej-r is removed liy the Mental Act 
which empowers any authorized o|li»*<*r ti» take 
initiative ami (‘llect ch'araiiee in a notified ari*a if 
th(‘ owner tails to dn after due notic<>. 

\\ hat is m'ctvssary is to impress on the oHie(*i's 
and the pnblie the necessity for viiiilance, as the 
danfr<*r from Inrkin.ir seeds is th<*re. We can do no 


better than <|iiot<» from Parija's artiele in /Ir/z /Vv//- 
fttrc/nnl Lire Stork in Intfin (Vol. V, pp. 1-2, lll.-jr)). 

“One niiist bo vitri hint from year t4> year, as the 
weed is likely to appear from seeds which have been 
lyiiifr at the bottom of tanks. It has been found 
that se(*ds may be dorinant for several years, at least 
seven years, without losinj^ their vitality, wh(*n, in 
any yisir of dron<;ht. fh<‘ tank dries np, and tin* seeds 
jrerniinate after the first showc*r of rain. The seed- 
lings j«[row rapidly with tin* rise in level of water 
np to a limit and tin*!! they ^et submerged. In a 
day or two tin* seedlings break oil* the n»ot-stoek 
neatly and float np. Near tin* clean surface* of brea- 
k:ii>:e new adve'iitilioiis I’oots (Main* out and the plants 
are cstablisln*d as floating nr^anisms. 

“If the tanks are to lx* kept friM* from water 
hyai'iiith tinw must In* clear(‘d from year to year till 
the dormant simmIs ;ir(* cxhaiistt'd. 1'he (|in‘stion is 
as to tin* tinn* (»f the year at whi(‘h (‘learin^ must 
be done. 

“Tin* most snitabh* time xvill be sn*j:sj:csted from 
the facts of seed production and «rermination which 
are jri veil b(‘low. ^Fln* watc*r hyacinth lloweis almost 
throii^hoiil the year. l''low(‘i‘s art* parti(*nlarly abun- 
dant dnriny; fin* rains and tin* sprin*!;. When the 
flowers witln*r, tin* spiki* bends down in tin* form 
of :in inv(‘rt(‘d S and oft(*n its tip dips into wat(*r. 

“.\lthone;h careful sear(*h has b(‘(‘n made in these 
plants for fertile ca|»Md(‘s in sprinj; and early rains, 
no capsnl(*s have b(*en found. Pertih* capsules 
appear only towards tin* end of ()(*tober and Novem- 
ber. The t(*mp(*ralnre at ihis time seems to be snila- 
bh* for seed formation. 'rin*se capsules burst wln‘n 
mature and discharj^e tin* seeds into wat<,*r. Tin* 
seeds :ir(* ln*avicr than water :ind sink to the bottom 
of the tank (»r ]h»o1 and lie dorinant (In'n*. If in 
snnmn'r tin* bottom of tin* pool dries np, tin* s(*(‘ds 
lyiii^ tln*re .sprout aft(*r a shower of rain. It will 
thus In* se(*n that tin? daii^i*!' from seeds ('an only 
arise in antnnni when the fruits niatniv. If eh'ariiic 
(*an b(* done, in .\ne:nst and Sept(*niber, tin* ftow(‘rs 
(Miiiimt ^et a (*han(M* to .set .seeds and tin* dan;;(*r ol 
r<*-infe(*tion from that .soiiriM* can be av(»ided. 

“One may be tempted toel(*ar tin* s(*edlin« 5 s early 
in the rain.s, but the difrK*nlty is rather frivat. Pirst 
«»f all, the s(*edlinjrs an* lik(*ly to bemi.staken for ^ra.’^s 
for oin* or two months from sprouting. Secondly, 


SCIENCE & 
CULTURE 


112 



WATER HYACINTH 

cvrn wlicn tlu^y up siihincrsinii, they 

lurk Minoiiy: other water W(u*(ls and make (lii‘ s^areli 
diilieiiU. and tedions. All this can he jrnt <iver if 
rlt^ariiifji; is done after the plants attain matiirily and 
heh»re iliey set seed. 

“Another way of elieekinj; seeillinjis is <o ke(‘p (lie 
laiiks, ete., full of wat<*r throntjrhoiit the year, hnt 
that is not praelieahh*. 

“As to the method of eh'ai'injr, tin-re sereins to he 
uiily om‘ sure nu-tlnxl and that is im'ehanieal. ( 'lie- 
iiiieal spraying in onler to he elleelive mn>l <*oii.si.‘t 
of sirony: elicMiiieals and these int rodiiee otln^r (‘om- 
plieatioiis like killiiiy: \v:iter animals and niakiiiy: the 
water poiscnions for eattle. Mild sprayings only 
ehe(‘k the e;i'owlh. Meehanieal (‘h-ariiiy: should he 
thoriuiu'li and ear(‘ must he taken to eiisiin- killiny: tin- 
plants thus <‘olle(‘tr‘d. Olln-rwise a <‘haiiee root- 
stock left alive* is (*apahh* of repopnlatin^ the whole- 
st r<-te-h «if wate-r in one or twei ye-ars. I'liis plant 
lias n-markahh- power to ada|)t itself to life in elry 
sitiiatiems as well as in fn-e* wat<-r. A nuit-stoek 
thrown in mnd will strike- roots and as tin* mud 
dries, the* plant adjusts itself tei a lanel life- atnl 
waits for the ehane*e- of ijett iny; intei wate-r win-n it 
e'oines. Altln)iiy:h atte-mpfs at e-leariny; have- he-eii 
re-pe-atedly maele*, despa iriny; failure'^ have- resiilte-d 
freiin the pre‘se-ne*e of se-e-els in the mini and also from 
iieyile-e-ted livinj^ reiot-steiekf-. Tin- e-h-ariin^ ope-ra- 
tions in Orissa had the- merit e»f he-iny; ve-rv tlionaiy:li. 
'rin* antlnerities were aieleel hy Histriet I »«»are I In- 
laws and ne-y:li;jenl eiwnc-rs e»f tanks ainl pi Mils wi-n- 
prei^e-eiite*el.” 


(liven preipei* c-an* and /e-a1, what has he-e-n possi- 

hh- ill ( )rissa is siire-ly possible* in Ik-ny^al. 
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Fish and Fisheries of Bengal 


B Prashad 

Director. /ooluKical Survey of Intliii, Calcutta. 

At llii- very I slimild lik<* to direct 

yniir ntteiitioii to tin* very jjrent iinportaiiee ol the 
lisli :iiid tislieries in this proviiier*. 'riie ejirefiil 

eiHpiii'ies of the Isite Sir I\. (i. wli*i w:is 

|)liieed on speeisil duty hy tin* (lovi'i'inneiit of 
in liMKi for enrryiiij^ out detaile<l lisliery iiiv«‘sti*i:;i- 
tioiis in th(‘ province, show<‘d th:it no less th:in SO 
p(M' cent of the popnl:itii»ii of eat lisli. lie 

nMiKirked that while most people do not eat fish 
every day ami though at c<-r1ain tinu's of the year 
fish is tahod fei* at h‘ast the hiti'liei* <‘]ass llimhis of 
Helical, it may safely he estimated that on at Iea>t 
iiliO days in the year fish forms an important t>nrt 
<»f the diet of the tish-eatin^r popnlatioii of the 
jwovince. Allowing ahont ‘J cliitta<‘ks or 1 «ainc<‘s 
per head |)(M' day, the (piantity per h<'ad ])er anniini 
comes to about one inaiind. 'Pile population of 
Tien^al in the last ( \‘nsns was estimated at a littl<‘ 
over fifty millions ami, therefore, for the :inmial 
consumption of the fisleeatin^ popidalic n of the 
provint‘(> a supply of ahont forty million niaimds 
t»f tish is rc(|nired. I mM'd hardly ad<l that for the 
Bengalees, whose staple j^rain iliet tM)nsists of rice 
and most of whom do not take any meat, the im- 
portanee of lisli for the m*eessary jiroteins in the 
daily iliet I'annot !«■ overestimated, h’or the supply 
of this enornions ([nantity of tish Beii^.il is mainly 
dependent on its inland fisheries, amongst which I 
also inchid(‘ the estuarine fisheries in the (iany:etic 
Delta. N'ast as this area is, it is dillieiilt to estimate 
ae<*nr:itely its exa«*t extent, hnl .Mr. Southwell, who 
Avas the Director of h'isheries of Bengal, Bihar 
A' Orissa for many years, roughly estimateil the 
potential tish(‘ry ansi of Beniral at sonu'where hctweeii 
7,t)00-H,(M)0 sq. miles in the dry season. Dnriii<; tin? 
rains, howi‘Vcr, whmi almost two-thirds of the 
country are under water tin- extent of this wonld 
become very much j»:rcatcr. In spite of its vast 
extent, the fish siqiply of the* provinc(\ as various 

suithorities like tlie lau* Sir K. (5. (inpta, Mr. South- 


well and others have pointed out, is inadc(|iiat(* and 
the pri<‘es rulin'^ for the fish available arc^ very 
hi;;h, they are ein'tainly beyond the piindiasin^ 
])ower of the pi»orer clas.s(‘s. To mak(» this jioint. 
ch'arer we may <*onsid<*r tin* cas<* of (^dciitta a little 
more closely. The total population of (’‘ahaitta in 
Was roughly bt)t),f)t)t) and the imports of fish 
into (^ilciitta :don*r rivers and canals diirin;; the 
year emlintr March .‘Bst, IffB, anioiint(‘d to IS, .‘Pio 
maiiiids, while imports rht railways during!; tin* same 
pei'iod amounted to ] 1 l,t).‘>P mannds. '^Fiie total 
imports of tish, tln‘refor(‘, w<‘i‘e Il)*i,.‘h)l inaimds. 'J'he 
avi'rajj^e supply of lisli available per annum ])er Imml 
of the population was, therefore, ronjrhly If) seers, 
or about 1 Ith of the actual requirements of the 
fish-eating population, basing; the calculation on the 
<‘onsiniiption of 2 <‘hittaeks pta* la^ad per day. .\e- 
cM>rdin<; to the lati^st ('*>nsiis Report, the population 
of ( \‘il<‘iitta proper has inereas<‘<l to l,M)t),7tM. '^Fhe 
fish supply of ("aicntta has certa'nly not iiicr ‘aseil 
i*orrespondiny:ly, ami whatever increase there may 
have been is more than fully coimter-balaiiced by 
the fa<*t that a fair perceiita'Tf* of the fish brought 
into (.'aicntta is not for consumption in ('alcntta 
alone, but is re-exported from hei*e to other parts 
of the cimiitry — (^ileiitta, as w'* all know, is not 
only a r<*c«*iviii '4 but a very important dist ribiitiiijr 
centre for fi^h as indeed for all commodities. 

I casually inentionr'd above that IkMi^^al has to 
depcMid on its inland lisheries for the major part of 
its fish siip)>ly. '^riiis is <lne to various causes, but 
Dvo of thc.se s»*ein to be tin* most iinporlaiit. One 
is till* faet that marine fisheries in the Bay of Jk'nj^al 
are netrh*cted and no fishing worth the name is 
<*arried out. anywhere in this very rich area, while 
the other i.s the iiih(‘rent prejudice on the part of the 
fish-eatin;; public of Bengal, leaving a.sidi* the 
lMirop(*aiis and others who are particularly fond of 
.sea fish, to s(*a fish of any kind. The Bengalees 
particularly favour freshwater carps, aiuougst which 
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OIK* limy (»iniin(*nit« Mrifjttl, (uttl (\tfhtttts, 

\vhil<* smiillor fis)ii>s, sr:ili*-lcss Siliiroids liko 

Maijtir, Si/tffifi, :in<l .surli fonns as arc jrcncrally in- 
chilled in that coinprcliciisivc name "Jcol Maclih” or 
lisli which can ])c transported alive and sold as micIi 
to the consmuer, form th(> fish diet of the poorer chis- 
ses. lTnfortiinately,thc supply of tliesi* is not sutlicient 
and the peculiar conditions in the province in refer- 
ence to the rif^lits of fishing in the rivers, lakes, jhifs, 
etc., a result of the Pia'inaiient S(>tth‘ment and 
vested rights, make it a matter id' some dillieiilty for 
improvin'^ the condition of these lisheri(‘S. Another 
factor of very iri’cat importance, wliiidi makes it 
almost impossihh* for th(‘s(‘ inland fisheries to llourish, 
is that fishing is carried on all over tin* province in 
tin* so-called ^ooil old way. This ehiefiy csiiisists in 
intensive tishin^ in small ar(*as and, as would 1)<‘ 
appari'iit, such type of lishiiie; is nnist dotruetive not 
<inly to the lishes and fislcTies Imt to the interests of 
the lishermeu themselves. No attiMitioii whatever is 
paid to the couservati«»u of thesi* lisherics, :ind as a 
result they become more and more impoverishid 
eveiy year. 

As the <iuestion of tin* <‘oiis(>rvat ion and improve- 
iiieiit of the tisheries in this provim'e is intimately 
bound up with the causes of their impoverishment 
and deterioration, it wouhl be useful at this stajre 
consider some of these fa<*t<»rs. 'The inland tisheries 
of the province, leaviny; aside the estuarine lishi*ri«*s, 
consist mainly of river (i'»herii*s, lish<*ries in <*anals, 
/7///.S (ir hhils, tanks and ponds, and, durinu: the rainy 
season, in the paddy fields. 

The conditions in the river and canal tisheries 
are almost similar, tiiouy;h naturally the rivers filler 
a better u/ilif'tt and more protection to the lishes than 
I he (‘anals which are cleaned out almost every year 
and w'here, in the majority of eases, perniaiHMit 
tisheries cannot e.\ist. In the rivers also the condi- 
tions are not very stable. The effects of siltinjr, 
too much steamer trallic, weirs and bunds, establish- 
ment of larjjc factories, steepiiiy; of jute and similar 
siibstanei's, and the use of rivers for tin* drainage ol 
the sewerajre of bi^ cities, whii’h pollute the Avater 
to a great extent, are often responsible h»r impoveri- 
"liing Hourishing fisheries in such waters. Most rivers 


of iSeiigal, at least the lower reaehi‘s, are further 
affected by tide.s, :is a result of which ihe salinity of 
the Avaler is greatly increased, particularly during 
the long flry seaMiii. At such limes these h»wer 
reaches are not by any me.-ins suitable for the fresh- 
water lishes. 

'flic tisheries in the /7//7x ami h/zifs are iindoubt(*<l- 
ly <»l very great im|)ortaiiee. M'hey are exeelleiit 
breciling grounds Ibr a variety f»f niarketabh? lishes, 
ami there is reason to believe that even tiu* carps 
such as ZiW///, f'ttllff, eliv, which in Imlia flo not m»r- 
mally breed in eoiiliiied waters f»f ponds and tanks 
<lo breed in these e.\teiisivc> areas. ( 'nfortunat(‘ly, 
Imwever. though tliesj- h/fz/s could develop into imist 
prodiii‘tivi‘ li'Nle'ries, they ari* sr» indiseriniinately 
lishcfl from year to vfvir that tlmir tish population 
his no eliama' of reeoiiperation. ami so the tisheries 
become more and mon* de|>opnlated every year. 
During tin* dry season the area of these jhzls is greatly 
reduced and the firy land along the banks and evt‘n 
in the beds is often used for cull ivat ion. Kurtln*r, 
niniib(*rs of these areas are being gi'athially reclaimed 
for piirpfises f»f cultivation, and as a resull, they are 
not so «*xt(‘nsive today a^ they were ot) years back. 

'I'he t.ank and pomi lishf‘ries in liengal are also 
very important, ;is in the ea^e ol these lishi'i'ies only 
some attf'iiipt is mad(‘ towards :irlirK‘ially ineri'asing 
the ii>'h supply of the province. Most (d* you must 
have si‘en lisliennen carrying yfning fry in (*arth(‘n 
(‘hit tics >hing over their shoiiMers fluring tin* rains. 
Kvery one f»f tliesi* r //f////rN eoiitains several thousands 
of yfiiing fry, mostly i»f carps but also f»f pri'daceoiis 
lishes, I'ollected by line-meshed nets from rivers. 
I'liis fry is sold in the liiarki'l for slocking tanks 
and such are.as. bill unfortunately this primitive 
type of lish or lairp culture is not so productive of 
results as om* would ln»pe it to b<*. 'TIk* entire 
activities of the earp-eiiltnrists in Deiigal are eon- 
lim*tl ti* the puri’hase of the fry, which is often in 
its v(*ry early stages of development, and later to 
introduce* it into one of tlu‘ir tanks. In Kurnpe* and 
.\im*rica, on the* otln*!* hand, the fry used for pisci- 
cnltiin*. is always pun* and is in the beginning 
carefully nourished and tended in nursery tanks 
which have been fn-ed of all priMlatory lish and 
other «*nemies of young lish. Only after the young 
lislu's have gn»wn tei at h*ast the lingerling stage*, 
they are introduced into areas which are to be 


115 


Vul. II. No. 8 
SEPTEMBER 1936 



FISH AND FISHERIES OF BENGAL 


stocked with lisli. Siiclj :in*Ms :ilsi» an* first m-th'd 
^•ll■!^I•ed nl* all prcdacrtuis fi.slics and nllicr <‘iu*iiiii‘s 
nf yoiin^ lisli. As a n-siilt (In* yniiiiy: liii^<‘rliii*rs 
iidrndii(M>d in siicli an‘:is find rxcrlN'iit (*oiiditii>iis 
for tli(‘ir growth into adult fi'^h Avitliiii a roasonaldo 
time. I'lio (|ii(‘stion of tlicir food Mi|i|)ly is also nut 
iicjrl<rt<Ml, and tla* fisli-niltnrists and stockists reap 
;i very rirli harvest as a n‘sidt of their <‘frorts. fn 
on th<‘ othei* hand, the yonn^ fry an^ iiitro- 
diieed into tanks, efc., rnii of predaceous fishes :nid 
other enemies of the yonne; fry, and it is v<‘ry hieky 
indeed, if <‘ven .Vltf p<-r eciit of the fry iiitrodiK'ed 
;^row lip info adult fish. 

'riu' ]i:iddy-field fisheries an* not of siiflicieiit 
imporfaiice to he disiaissed sepei'afely hen*. 

It ^viil finis he apparent that in addition to the 
reduction in tla* extent of the fishery an*as tlu* i*anses 
fd the* <let(‘rioration of tlie fisheries in the provinci* 
are (l) iiidiscriminati* and nneonf rolled over-li’shiiiji, 
(-) no close s(*ason (I did not refer to this point 
earlier, hut in lieii^ai, as ind(*ed all over India, as a 
result, of there heiiijLi; no <‘]os<> fishery s<*ason, at least 
for the indie:enous fishes, a very lai-jire niiinla*!* of 
hn*edin^ fish are <‘aiiy:ht. and d<*sfroye<l ihiriiijL; tin* 
hreedinjr seastm which, as with all animals, is the 
most eritieal period of their life. 'I'his naturally 
rediKM's the chaiiees for the I'epopiilation of the 
fisheries, lor tin* nnmher of the hre<*dinu[ imlividiials 
is gradually redueed), (.’>) tla* d<‘terioratioii in the 
eoialition of the lislmry ai’<*as th<*iiisclves, and (4) 
absence of properly organized methods for the over- 
fished and depopulated lishcrii's. 

W e may now consider hricfly the means of trans- 
port and <iist rihiition of the catches in tla* country. 

A j;reaf deal <»l fish is taken fj» ( ahaitta and oflicr 
eentres o( tii.-trihntion from lony; distanees in baskets, 
often without any ii-e or any other such agency 
which Would ])revent ])ufr(‘fa<'tion settinj^ in. Kven 
where the fish are sent parked in iee, the primitive 
methods <*mployed make it impossible in most eases 
for the fish to reach the consumer in a condition tit for 
human (‘oiisuinption. Within re<*ent years refri;ijera- 
tinj; vans havi* Ix cn provided by sona* of the rail- 
ways, l>ut as a lai^e p(‘rcentay:e of the fish imported 
into Calcutta is brought in boats alonjr rivers and 
canals, such iacilities as refrigeratiiij^ vans on the 


railways have proved of little use. Kven in the 
ease of the fish brought into C^ilcntta by railways 
a ;rr<‘at (h‘al of it conies from areas where sn<*h vans 
are not available, and, in any ease, as the fish is only 
put into tin* vans lonjx after it has been caught, it 
is often alrea<ly taint(?d, and later transport in re- 
frijri*nitiny: vans is, therefore, of little value. 

We may also make* a passing; refer<*n<*e to the 
peculiar trade* conditions in rej^ard te> fishc*s in Henjial. 
\ ve*ry powe*rful rinji; eif tradesm(>n cemtrols the 
marke'tin^ and sale* eif the* e‘ate*hi*s meistly in C^dciitta, 
blit its ne*ts are* \vide>spre*ad threm^hoiit the pre^vince*. 
The*se* tradesmen have a very stronjx heild ove*r the* 
tishe*rme*n, as a result of which it is impossible* fenr 
the peMir folk to r(‘ali/e> anything like* a. livin;^ waj^e* 
for the*ir harel labour, while* the* cost of the* fish to 
the* piiblie*, owin^ to the* monopoly e*njoy(>d by this 
rill*;, is ve*ry hiixh. 

Se> far I have* met re*re*rre*el to the* e*stuarine‘ fish or 
lishe‘rie*s, but it wemlel be iiiii»ossible* to e'oiisiele*!* them 
ill any ile*tail during the* time at my elisposal. f may, 
howe*ver, mi'iition that the e'stiiarine* fisherie*s of the 
province* av«* probably the* most e*xte*nsive'. anil the 
rie*he*st ed‘ any known. The* lowe r re*{ie*hf*s e»f the* 
(laii^jetie* I)e*lta, with the e*xte‘nsive* sti’e'ams ami 
e*ree*ks in the* are*a, eifler the* nmst favourable* utilirti 
lor a ve*ry lary;e‘ varie*ty of e*xcclle*nt fooil lishes. 
1 he* lood supply for the* fish in this re*y:ion is ve*ry 
abundant and the bie>lo»;ie*al e*onditions in •;e*ne*ral 
are* e*xtre*me*ly iavourabh*. 4'he* re*sonrce*s in this 
aiva are, howcve*r, e*xpIoite*el so e*xte*nsive ly that the* 
harm ehuie* to the* tishe*rii*< is, in many e*ase*s, ine*al- 
culai)h*. .Vinon*; the* i*elible* li>h ed' this roj;ion I may 
me'iitiem the* />7/e'//,7, whose* ran^e: is co-e*xte*nsivi.* with 
the* ranjre* to whie*h the rive*rs aiiel stre*ams are; alVcc- 
(e*el bytielal infliiem e : the* Ikimbay Duck, the* Maii;;,,- 
fisii, anel variems forms of KIat-fislK*s, ( \*it'fish(*s, efe*. 
It is also this re*{rie>n which has be*e*e>me* almeist a 
p<*rmane*nt Imme* for onr famous fish, HUsa. "Jliis 
fish, at I(*ast in the (lanjjjetic Delta, differs from othe*r 
anadreanons Hshi's whie*h only a.see*nd into the fre*sh 
Avatf*rs for bree*elinj; purpose's after the* rive*rs are* 
fleMiele*el as a ivsult of t|u5 ve*i*)' he*avy rains. Jt 
appears tei have? be'cemie* a meire or le*ss pca’inane'iit 
d<*nizen of the* (faiifrctic De*lta. In addition, the 
(\stuarine are*as are* partie'ularly rie*h in prawns anel 
crabs, but it is impossible for me to d(*al Avith these* 
today. 1 may, huAvcver, conclude by saying that the 


SCIENCE & 
CULTURE 


116 



FISH AND nSHERIES OF BENGAL 

fi.sli<Ti{*s of this siroa art* a soiirt'c of jrrcat |i(»t(‘iitial 
woaltli, anti if they art* cxphiitctl on pniprriy in'jra- 
iii/ctl liiH*s, tht*y art* sun; to int'ivaso materially tin* 
lish supply of tiu* provinct* ami yieltl an ample return 
on any ea|)ital outlay. 

Tilt* problems of tlie lislicries t»f the provinec are 
very intrieate, and unlbrlunalt'ly our inibrmatitai in 
rey:aitl to tlu* fishes of Ih'ii^al. their growth, tht‘ir 
friends and ftM*s, their life-histt>ries and habits, the 
biolti^ieal t'omlitions iiiidt*!* which they live, as also 
tlie t*xtent of tin* lislM*ries, is very iuadt'tiiiate. Such 
rt-seareh work can tmly be earri(‘d out by a propi-rly 
or^ani/(‘d and (*t|uipp<‘d st'ieiitiiit* departimait, and it 
is v<‘iT iinfortmiale that owiny: tt» tinaiKMal strinjxeney 
tin* Kisheries l)<>partmeiit of tin* provinet* was aboli- 
sli(*<l alxiiit ; sinet* that tiate no sei<*ntifie tlepart- 

ment has earrietl out these duties, tlniiij«:h a »rreat 
tleal of seieiitiiie work on tin* tislies t»f India is bein}£ 
done by tin* ^i»oloj;ieal Survey of India. There are, 
however, other prolilems in referenet* to tin* soeio- 
ecnnomit* work, such as tlie organisation of tlie tratle, 
ami iniproveim*nt in the methods nf transport :uid 
marketing, as also tin* eomlit ion of the* lishf'rnieii of 
the province, for which the general public can <lo 
lunch mon* tlian any (lovcrnment department. Let 
ns hop(‘ that these asp<‘<-ts will attract the attention 
of M»me public bodi<‘s and individuals in Ihai^al. 

finally F may c‘om*hide in the words of the late 
Snrjieon-( l(*m*ral J^'rancis Day, who for many years 
as th(* Inspei'tor-deneral of Fisheries in India and 
who ill his introductory noti* to .1 Shilisliml Armimt 
nf Ik'iKjnf stated as follows: “Without enterin'^ mon* 
hilly into this subject, it may lie fairly advanciMl that 
fish is mon* suitable as a general food to the natives 
of the Indian Kmpirc than the llesh of villairi' shec|), 
piy:s, and fowls, whilst the majority of the p<'oph* 


eat. it, when they eaii proeiin* it. When* no 
regulations exist as to the method in wlii«‘li 
fis}i(‘ries should be work<‘d, and should other 
(‘in'imistaiiees In* e(|nal, that eoimtry or dis- 
Iritd which is most popiilati'd by man will be tin* 
mo>t denuded of fish. Individuals would sooner 
liv«* by fi.*Nhin^ than by atrriiMilture, as the trouble of 
capturing tlie finny tribes is h‘ss than by tilling tin* 
soil, beiiiy; simply (‘atchin^ without any idea of pn*- 
servation. Naturally, fish have been endow(‘d with 
<‘(‘rlain means of inereasi*, and protection, such as 
proiliicin^ an i‘normoiis minibcr of (‘^^s or freiiuent 
bn*e<linjr, or even by tin* a«*tion id' peritnlie floods, 
when small-mevliiMl ni‘ts cannot be used in rapid 
streams (this amount of protection does not extend 
t«» any ‘rr»‘at e\t«*nt to tin* fry of fi.>,he.s, as tln*y would 
be washed away by a rapid current, eonse(|U(*iitly 
they .•^cek tin* shallow'^), and by swamps covering a 
l;^l■«re extent of (*onntry, whi'it* shelter is ailbnied by 
jxras.s, rushes, etc , r(‘nderin«;‘ vain man’s att(*nipt to 
<lcpopnlat<*. Ihit, as inhaliitants aii^nicnt, watf*ry 
wast(‘s lM*(*onie draiin*d and cultivated, predatory man 
increases his methods of destnn*tion, and then a 
ih*<*r<*a<e of food be<*oines apparent. .\s tin* pric<* 
of food ri.sj's, so that of fi^h iin*n*ases, and if the 
fish-<*atin*j; population yearly l>eeonn*s hir^er, im*rea- 
.scd exertions are used to capture fish to nn‘(‘t tln*ir 
demands! the size j)f mesh is d(*ereased, weirs an* 
aiiu:nien((‘d, and (*verythin^ taken, no m;itt(*r how 
small, as fishermen in*ver ajipear to (*onsider from 
wliein*!* the m*.\t year’s supply is to conn*, but only 
the easiest nn*thod to take* at tin* present film* all 
they are able.” All this is as trin* toilay id' lleii^al 
as it was when Day wrote it in tin* early cin;hties of 
the last century.* 

* .\ ic'.mni' of a Iccliiic ■inl hefoir tin* Rot.'iry Cliili, 
Cali'iitta, i»ii Tiic.mI.iv, llic 2m1i July 
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On Particle and Wave Nature of Matter and 
the Complementarity of the two Aspects — 

Being a Conversation between a Classical Physicist and a Quantum Theorist 


Ci.Assfj \i. PiiVNirisT : Mr. <ir.\Ni'i M 'riiKoiMST ! 
^^•Il :irc !->!» r<iiHl nf jilwiiys mIhuH Dtnilihi^ 

Viirvrtuhilij^ */'. 0 :iim 1 mi. ( \-iii Vdii t(‘ll mo in 
|)l:iiii wnnis is rc.-illy in-w in things ? 

I)(i ynii lint s«m* th:it I )ii:ility is r\ rr\ wlwrn ? 'Fiikc 
tin* two I'jM'cs of ;i <*niii, tin* two siilns of a .•^liiflcl, 
:iim1 sn nil. M'liat wninlnr is tlicro if plintmis ainl 
(‘li‘(‘lrmis aUo slmw a iliial natiii'c, jun tirlfs nt iiiurs 
nml inirrs al tifht'r Iiiurs ! 

til’ANTIM 'riu:«»|{lsr : >'nii will nxciisr iin* if I 
talk a hit nf pliilosnpliy. Ilnw <ln ynii know, Mr. 
(*. Pm that a coin has two I’am's ? I only sec* oin* 
I'arn at a tiim*. It may In* that it is tin* sann* lace 
which at times shows a head and at ntln*!* times 
( pi'i'haps mira<Milnii^ly ) <'haii^(‘s into a tail. How 
do ynii refute me ’! 

(’[.Assn AL PiiYsmsT ; \V<-II, I show you hnth 

the faces at the same linn*. Put a mirror hehind ainl 
yon see tin* two faces si unilhniruHsI if — thr ilmil 
fisfirrt srru Imfrthrr. 

(il A.N’l l M 'riir.nmsT : Vmi have hit at lln* crucial 
point ; and it is that yon can arran^'(* an e\p4*rinicnt 
where ymi ean >ee tin* <lnal aspect <»f a <*oin, a shield, 
etc., at tin* same tinn* ; and also one can so arrange 
that the one aspect uradnally and cniitiniimisly passi-s 
into tile other aspei't. I lavini»: seen tin* I wi» :isperts 
together oin* can easily ctiiistrnct a picture nf the 
wliole <*ntity. l»nt what will happen when the entity 
is sncli that, with all tin* iiiirennily one ean command, 
one cannot arraii^i* an experiment which will show 
ns its two aspe<‘t'< at the sann* time. Imagine a 
<*oin, <*all it .\, for which w<* can see one fac** 
at a time l>nt uiulrr itn rirruuislnurrs its tw*» fac(*s 
at the same time. 

( ^I.AsslCAi. l^llYslcisT ; Yon seem to In.* talking 
nonsense. If a man has ('nnimoiiseiise, and he will 
he no classical physiei'-t if he has in»t that, he would 
refuse to imagine sn *li fantasth* things. 


tii ANTl'M 'riiKOKisT .• I woiid(*r if the classical 
l»hysi«*ist has min‘h »if (‘oinmonseiist*. lie has only 
a naivi* faith. As for eommonsensi* it. has never 
he<Mi his strong point. Kain*y yoiir very first law 
of motion ass(*rling that :i parlich* unacted hy fona* 
moves in a straight line with uniform vt*h)eity. Now, 
il I a-^k yon to draw an e.xact straight line ymi 
yourself will agree that il will he an impossilih* 
task. Make yoiir hest <*IVorts and yet tin* line will 
always show some nin*V(‘mn‘ss, pmhahly not to 
the naked eye hut nnd(*r a niicros<*ope. Von eaiinot 
draw a perfect straight liin* with all your insfrn- 
iiients :nid twenti(‘th-centnry exp(*rinn*nlal t(‘ehnii|ne, 
and yet yon l)(*lieve that an insignili(*ant and inaiii- 
mal(* liny partieh* can p<*rform this mirach*. If 
it is not faith, I wmnh*r what it is ! Hut 1 have 
digre.^'sed from tin* main point. 

I was asking yon to imagine a coin whi<*h pos- 
s<*s''es the strange property that wf* <*an sec* only 
its one a face* at tinn* and find it iin[>o.ssihh.* to dc*vis(* 
any nn*ans wln*r(*hy wo c'cuihl see holh lln* fac*i*.N 
simnltaneoiisly. Such a coin, fortunately, in*ver (*xists. 
If it i-ver existed wc* shall scnui say it was a 
ghost, for wc* conhl nc*ver form a pirfurc of a coin 
with sin*h ghost-like properties. No one* will say 
it was a c*oie .Ml will say it was a ghost. 

Classhwi. Physicist : Hnt what has (^naiitnm 
thc'ory to do with such ghost-like coins ? 

.WTCM Tiikoihst: If there was no eonnc*c‘tion 
I)c*tween tin* two I shoidd hardly talk of it. Hnt I 
shall n;irr;itc* yon a short story I)(*fore f disclose* 
tln*ir rc*latic»n to (^iiantinn thc*oi*y. The* story is 
rdnait cun* Mr. 11, who liv(*s in (jHnnhnitlfUifl — tin* 
‘land' discover(*d hy Hohr, 1 leisenh(‘rg, Dirac, and 
olln*rs. 

(’I.ASSICAI. I^iiYsicisT : Oh yes! I have ln*ai'd of 
(inaiitnmland. It is c|nite a fiishionahle land th(*<c* 
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ilsiys. Most of tlio modorii physicists have their 
head-fiuartera there. 

(ilTANTUM Thkoimst: If you are interested, I 
can tell yon soiiu*thin^ more about this land and 
its recent developments. Planck was the first who 
entered this land, but Kinstein ami lh»hr soon 
joined him. Pohr has done most in making this 
land fertile. Most of it at iiresent is beinjr culti- 
vated by his disciples — he adding from time to time 
in;w fertilizers, but the yield as yet is imt enou$;h to 
>atisfy all the demands.* Von must hav<* heard that 
lOddin^^ton has Imilt there, a sky scraper of 
stories, and later added OIK* more to makr* the total 
1157. Dirac has proved that his house is spinnin<>:, 
blit you cannot ohserre the spin. The most pofiiilar 
}fame in that land is that of “billiards’^ and Rnther- 
1‘ord has (;ver be<*n the champion. Tin* ‘^ame is 
very dillerent from cn’dinary billiards and Hiither- 
ford and his co-players are <‘ontiniially lindiiiir new 
kinds (if balls to play the jrame. Von can easily 
reeo‘^niz<* the hons(>s of d(» |»r<»«xlie and SehrcMlin^er 
by their wav“lik(* struct lire. I b'ix-nberu: has a 
castle closed on all sides and having: no wlndow> 
nr even doors--it is a womler how he hiiiC'clf jjets 
ill and out. If we believe (lamow, tli«*ii he does 
(his by ‘leakinj^’ throu‘»:h tin* solkl walls. At one 
lime (\)mplon was the minister for jiistiee — and he 
was a merciful jndjjje. lie punished quanta accor- 
diiijr to their size. For the >ame titVenee a bijrirer 
qiiaiilnm was meted out more jmiiishimMit than a 

A conference on atomic jjhysics was lieM at Copen 
hajifeii on Jane 17-20 this ycRr at IVof. Ilohr’s Institute 
for theoretical physics. AIkuiI eighty physicists .'illeii- 
‘Icd the ili.scussions. A brief report has appeared in Nature 
of July 4th, 1956, from which the following extract is taken : 

“The course of the discussion was, as always, directed 
by the masterly fundamental criticisms of Holir. On these 
occasions, when so many able tlicorists are gathere<I 
together, it is clear that Bohr’s jilo'sical insight is the 
jjower which contributes most to the atlvaiices of theore- 
tical atomic physics, and creates the coinlilioiis which 
fertilize the mathematical abilities of theoretical workers 
•‘Isc where ’’ 

The general itnpre.s.sion left by the coiitereiice was that 
•rogress in experimental research on the atomic nucleus 

very rapid, but that the advance in the theoretical des- 
: lption of the new results is much siower.” 


smnll(*r ono. Human is the present inenmbeiit of 
this ottiec — ho pniiishos rpianta to tlie same extent no 
matter wludher the quantum is bij; or small.* The 
Snrg«*oii-(fc*ueral is Saba. He has diseov*‘red a 
‘theriiiar kiiile to nperatt* upon atoms the electrons 
ill atoms rail be most Mieees.sfiilly amputated with 
(his knife. He lia> shown ns a method of diagiiosiii}' 
the eouditioii of atoms in distant eosiiiie worlds, and 
astrophysicists tlie world over now use his iiudhod. 
And (hero are <»ue or two most distiiiguisln'il visitors 
from other lauds, e.//.. Milne from (’osmie laud. 

Hut let liir MOW ri‘.'->uiMe the >toi'V about Ml*. II. 

It lias been fniiud that whenever Mr. 11 has gone 
into n fruit garden in bis native laud shmk* fruits have 
alway-» ilisappeared. Von will eoueliide that In* is 
a thief, but if you are a eou'.rieiit ions pi'rsoii, you 
will for a wbili* iK'^itate ti» draw that eoiii‘lu*'ioM and 
a-'k (In* pnlier tn iuM-^ligate tin* matti'r and 
eateb the Irllow li'dliaiided. /. r.. artiially stealing (lie 
triiits, *^1 lie pidij'r* did investigate the iiiafti*r: 
ptilieriiieil bid t lieiilsel vi*^ heliiml ilie trees and kept 
a sr<*ret watrli on II. 'I'liev ii.^i'd all the ingenuity of 
Scotland ^ ar<l tn keep a watch as secret as possible 
so that II t'oiild Mol have the faintest eliie that any 
polieeineii weri* keeping a wat«*h on liiin. No fruits 
W'«‘re stolen during thi'« period, though the police* 
saw II several times going in and out of tin* gariieii. 
They the.’ retired and reputed that II was 
not a thief. Hut afti r the police retinul tin* old 
troiihle .startl'd again — wlienevea* II entered tin* 
garden, fniit.s always di.sappeared. Now I ask you, 
Mr. (^I^. w'liat will yon call liim a tliief or an 
honest p(*rsoii ? 

(’i.assh ai. PiivsFi i.^T: .Mr. T., from what you 
say I suspe’cl that the fellow is not lioin’sf. but some- 
how he suivee-ded in evaeling the police; ])ossibly 
the ])oliee did not utilize* all their re’sonre*es in track- 
ing him down. 

(ii\\NTrM TiiKeiiM.sT: Take it as e*ertain that 
the* pedice spare’el no pains in this investigatiem. Th(*y 
n.se*d all their reseuirce*s phe>te)-eell.s, wirc*le.‘?.s 

* 111 Cn’.iqUnii etrect the energy decrease of the incident 
r|n:iiilum i.e. the diltercnce between the energies of the 
ineiilent and the scjillered <iiianl.'i is proportional to the 
energy fd the incident qti.nntum. In Kamaii efTect, on 
the other hand, this energy ihncreiiee is independent of 
the energy of the incident riuantiim. 
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appiinitiis, infra rc>d and so on, and took tiio 
help of all tin* physirists, ciioinists, enjjiinaTs, and so 
on, yot on no acoount th(‘y found H in the actual 
act of st(Milin{r the fruits. 

Tlassk'AL Physk ist: I still snspeet II to be a 
thief ; only he s<‘eins to be <-leverer fhaii all the 
police and may be iisinj; some kind of secret rays 
(not known to the police) to know the pre.seiice of 
policcmcMi watcliiii^ his moveiiKait. 

(ii’ANTi'M Tiikorist : Dear (\ I*. ! what you are 
saying; now does not do yon just ice as a physicist. 
A physicist, as yon ymirself have so often said, is 
not entitled to tbriii opinions which an' not nltiinate- 
ly warranted by observations and cxi)crim(*nts. In 
the case of II one set of facts (police* reports) show 
that he is hoiu'st ; tin* other s(‘t of facts (report of 
the jrardeiK'i*) show him to be a thief, and as a physi- 
cist I see no reason why you should be prejudiced 
and K*ve more weijrlit t(» one set of fjicts than to 
the other. 

(hAssicAL PiiYSH’isT: This seems a bit ]mzziing. 

I will say that the fellow is no ordinary ])erson. 

(iPANTi’.M TiiKOursT; The actual facts about 11 
aix* that he is sometimes a thief and sometimes 
honest, and so h^t us call him a thief-honest man. 
We cannot undei*stand such a stranjre character, 
becaus(* it is one w'hich is not met with in oiir 
ordinary «*xp4*rience. lie is a “non-classical man,” 
and therefore his behaviour cannot be comprehended 
on classical ideas. 1 in)W c<»me to the rc.lation.ship 
of the.se exaiii])les with the fiindamentnl principles 
of (Quantum Mechanics. 

An electron or a photon, or as a matt(*r of 
that any particle, has a dual nature ; it sometimes 
b(!haves as a particle and sometimes as a wave, 
and the most fundamental point is that we can 
think of no possible c.\pcrimcnt wherein the particle 
asi)ect and the wav«* asp(!ct can both be seen at 
the same time. That j)reclndes us from forming a 
nu*ntal pictiin* or a model of (‘Icctron, photon, etc. 
Just as with our ordinary human ideas w'c? could 


not iiiidersttind the behaviour of H in our second 
cxam])lc, or could from the ])icture of the coin in 
the lirst example, similarly with classical concepts 
it is impossible to understand the nature of electrons, 
etc. Wo must emphasize once again that the cause 
of this im])(tssibility is not tiie dual nature of the 
entities (electrons, photons, etc.) but this rnn/plemen- 
tarihj of the parlirte and the trare aspects, /. c., the 
tfro asjxicts can ncrer he seen at the same time. If 
the two aspects ct>nld be demonstrated at the same 
time, th(‘n it would be i)o.ssible for Classical Physics to 
form a picture of these* (*ntities on cla.ssical lines, 
(‘la.ssieal Physics fails to explain the behaviour of 
thc.se entities because «»f the complementarity of 
thc.se two asp(‘cts. As Dirac has remarked, th<‘ basic 
cmicepts »)f (Quantum Physics can no hmger be ex- 
piH*s.scd in familiar language or in terms of words 
at all. “Nature works on a dillerent plan. Her laws 
do not govern the world in any direct way, instead 
they control a .sub-stratum of which we cannot form 
a mental ])ictun* without introducing irreh;vaiicic.s” 
It is only by mathematical symbols that oik* can 
expr<*s.s, or better de.scribe, the workings of Nature. 
As Jeans has said, “(iod seems to be a pure mathe- 
matician.’^ 

Next time when we meet again wo shall invit<* a 
pure mathematician also at our (Conversation. 

Cj^AssicAr Physicist: Tn my younger days f u.s(*d 
to picture the electron as a Koinaii soldier. You 
can look straight into his face and he remains un- 
perturbed. .\ry habit of forming mental pictures of 
everything, I am afraid, still continues and now F 
may perliaps pieture tin* electron as a tiny bird. Von 
look at it, and when you want to locate its distanc** 
from you, you throw a measuring ta])e, the di.staiiiM' 
is kmnvn, but lo ! the bird is frightened and Hi«*s 
away and its velocity beconK*s unknown — H(d.sen- 
berg’s uncertainty principle, when the position is 
exactly known the velocity is completely unknown 
and when the* velocity is exactly known the po.sition 
is completely unknown. W(i cannot observe an 
electnm without perturbing it and, as you have said, 
it is i»upos.sible to empiire closely a.s to how thi- 
disturbance arises or to know its exact amount. 

IK S, A. 
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The Mystery of Cosmic Radiation 

A. K Das 

Upper Air Ohiervetory. Agra. 


[The public is iiciw well inforiiicd thrnuf^li the ilaily press 
of the phenomena of cosmic ray. Scientific men working 
in widely diflerent parts of the world have discovered a 
mysterious radiation which coming from space is constantly 
bombarding our atmosphere. Up to this time it has not 
been found possible to identify these radiations with any 
rays know'ii on earth. The interest created is so great 
that world-wide surveys of rays have been undertaken 
by the Carnegie Institution of Washington and many 
other national paities. 1'or anything we know, these rays 
may be responsible for starting great changes in the world. 
In fact some scientists have seriously proposed with the 
aid of cosmic rays to reconcile the Darwin’s theory of 
evolution of species with the Meiulellian law in genetic.s. 
According to Darwin, plants and animals are evolving 
from lower types throughout geological ages to newer 
species. This is opposed to our knowledge of genetics. 
As in <»ur laboratory it has n<it been possible to create 
new species from existing ones, so the hypothesis has 
been advanced that probably cosmic rays may by chance 
afiect the chromosomes or genes and ])roduce new species. 
Some supi)orl is given to th«s hypothesis by Miiller’s dis- 
I'ovcry that X-rays cause nuch^ar changes causing ninta- 
tions, that is, producing some fundamental change in the 
ty])e. 

T.i the following series of essays Dr. A. K. Das, Asst. 
Meteorologist, who has worked on this subject in the 
Cambridge Solar Observatory, gives a connecte<l history 
of the discovery of this phenomenon and of the scientific 
work which has been carried out in difierent parts of the 
world.-lid. S & C.| 


PART I 

Tiik liisU»ry of sciontifu* [irogross ns tluit 

almost till great discoveries havt? their l)(*giniiiiig in 
M)mo seemingly unimportant observatioii.s which do 
not fit in with acceptt'd facts. Thi.s Is true al.so of 
‘cosmic radiation”. In 1901, miich work was being 
(lone on the electrical conductivity of air. .Air, if 
!t bo. perfectly dry and diist-froe, docs not conduct 
Icctricity at all. But when it is subjected to X-ray.s 


ultraviolet light, radioactive bodie-s air ac(inire 
c(»nsiderable power of (‘ondnctiiig eh*ctrieity. 

Tn 1901, those early pioneers, KIstcr and Oeitel, 
whose works form the starting point of many impor- 
tant lines of work in physics, made tin* interesting 
observation that the* air in cellars and caves was a 
very much Ix'tter eoiidnctor of el(*c*tricity than the 
open air in the normal state, and tlnit air which had 
been dmwn from the earth by sinking a tube in the 
ground conducted some twenty times better than 
onlinary air. This and other observations of a similar 
nature gave ri.se to the belief that the eleineiits 
present in the ealih^s enist contained traces f»f radio- 
active inatttT which s(*nt out rays (a, ft and y) which 
difln.'<ed into the air of the neighbourhood and impar- 
ted abnormal electrical conductivity to it ; the slight 
coiidnctivity normally foniul in open air was also 
believ<?d to be due t^) the presence of a radioactive 
gas. Soon after KIst(»r and Geiters observation was 
published, liiitherford and Cooke and also Alac- 
lAMiiiaii working indepeiidc^i.tly found that the 
ciHKlnctiyity of air enclosed in a hermetically sealed 
brass v(*ssel eonld be e*)iisider!ibly reduced by shield- 
ing tlie ves.sel with a metal cover or by immersing 
it in water. It was a[)parent therefore that the nor- 
mal conductivity of air in closed spaces could not be 
entirely due to its emanation content, but iim.st be 
produced partly at lea.st by ntf nrtion originating 
from an external source. This (external source was 
at first naturally thought to be the ndioaetive ele- 
ments emitting highly ])eiieti'ating r-rays, and in 
support of this eonelnsioii was the observation of 
Cooke who had found that the eondnetivity of air 
enclosed in a seal(?d v(*ssc*l could be rednc(Ml to 70 
of its original value by a lead shield o cm. thick, but 
further increases in the tlii(*kness of the shield were 
Avithont ctl'eet on the eondnetivity. In fact, it was 
recognized that air, especially freed from radioactive 
bodies and enclosed in a .sealed vessel, ae(|nired an 
appreciable e»>ndnctivily which could b(' explained 
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only by t\\v action of y-radiation from the oiiviron- 
mcMit, for in those days no more peiictmtinjr radiation 
was known tlian the TT-rays from radi»)activc elements. 
However nnexeitinjj: this conelnsion may appear t(» 
be, it Avas nevertheless the starting point of a whole 
series of researches which Hnally led to the diseovery 
of the iimst inysierioiis radiation kno\Mi to idiysies, 
— the so-called “(.’osmic Rays ’ which lorm to<lay «>ne 
of the most fascinatiiiir and fmidameiital ])ranehcs of 
research enjjajjinjj; the attention ol physicists, a>*tro- 
noiiK'rs, and jrciiphysicMsts alike*. 

The y-rays, which in the early years ol the pre- 
s(*nt <*eiitiiry w<*n* believed to be entirely responsible 
for the ionizaliiui of purified air enclosed in air-fijrht 
thick-walled vessels, can originate princi]ially from 
the radioactive cl(*iin'nts present in the earth and to 
:i comparatively small (*xtenl Ironi the |•adioa<*tive 
emanations and their <li>int<‘j'ration product- prescmi 
ill the atmosplmre. The i)(‘netrafinuf y-radiaihui 
from the earth is sometimes calleil nirlh-rniluihini 
and that fr<»m the atmos|)hcre is <*alled nftitDs- 
phenc rfhlintinH, The* very nnmerons m(‘asnre- 
nujiits made on tia* radioactivity of the soil and of 
the natural waters show' that on tin* average the 
meterial of the solid earth contains 7 10 jrrains of 

uranium, 2.11 x 10 * •* jil’anis <»f radinm, and 1.1 '< Itl *’ 
jrraiiis (d thorium per cubic <*eiitimetrc, while the 
\vater of tin* sea ami the rivers contains 2 xl0’*^ 
Krams/ciii*' of radinm and 10“^ to 10 ‘ «rranis vni^ 
of ihoriiim. Some .si»rin;XS :ind rivers fed by them 
no doubt have a comparatively hi}i:h content in radio- 
active matter blit they play no simiifieant |>art in the 
phenomena of atmo.spherie eleetrieity. lint the air 
enelo.<5ed in the. e.nieks and hollow’s of the earth is 
rich in (*nianation content, the anionnt of RaKin 
being on the average 2X10-^” Ciiric/eni^ ; this air 
dilfiises into tin* op(*n air to a greater or less c-xteiit 
depending on w'eathor eonditions and inerea.ses the 
radioactive eonteiit of the free air w'hich is iiorinally 
about 2,000 times poor(*r in eiiianation. Now the 
radioaetive elements present in the solid earth ionize 
the air princiiially through y-rays, while the radio- 
active .substances of tlie atmosphere ow'o their 
ionizing powder ahno.st (*ntirely to «- and /^-rays wdiich 
they emit. Thus the role of the radioa<-tive substan- 
ces of the atmosphere in the ionization of ga.ses 


enclosed in scaled thick-walled vessels must be 
in.significnnt compared to that of the radioactive 
eoiistitiients of the earth. This circiim.staiicc should 
make it po.ssihle to determine experimentally the 
intensity of the ctiNh-nnHalion and the ‘zero ' of the 
ionizatiitn ehaiiiber, iirovided one could be sure that 
there is no other source of penetrating radiation than 
the earth and tin* atmosphere. All that would be 
necessary for the purpose w'onld be to take the 
apparatus out inti> tlie opr*n sea or to place it inside 
a siilliciently thick shield of absorbing material so 
that the nirth-ratUtiliott is completely eliminated. 
In practice, h(wvev(*r, the n])paratiis has to be .shielded 
against extra-terrestrial penetrating radiation in 
onici* to Hnd tlie zen/ of the apparatus. 

The Balloon Ascent Observations 

If earth-radiation w’cre the prineipal ionizing 
agiMif of the aii‘ under normal circiimstanees, one 
would e.Ypr*et ils intensity to d(*ere:i.se w'ith elevation 
in (lit* atmosph(*r(*. In fa(*t, calculation shews that 
at .*>1) in. above the gronml it.-hould decrease to 
at S;1 111 . to '"y,at Hi? 111 . to IT) and at .TJ.'l 

111 . to .*>. 7 of its value at the ground level. Ihit 
measiiremcnls carried out in liHO and 1011 by 
Oockcl in balloon ascents by means of sealed ioni- 
zation chamber'^ iiidicati'd that tin*! onizatioii invrens- 
Cfi rather than d(‘ereased w’ilh (*l(‘V’ation. This 
striking phenomenon w’as coin*liisively demonstra- 
ted so<»n after hy V. Hess, w’lni made ten hallnoii 
ascents and used more reliable ap[»aratiis than 
Goekcl had at his disposal. In order to (‘xplain this 
phenoiiieiioii, H(*ss pnstiilat(‘d the exi.slenee of some 
kind of nllni-pntrJrutimf nitl/fition eoining from 
outer s|)aee which he* called “Fltra-rdiatieui*' 
(lUrustrnhluiKj) and which the German scientific 
I»rc.ss alternatively nani(*d I hss^srlte StrahlnHg*\ 
Th»* mnv I'lirrcnt names, rn., Ihi^heitstrahhnKj' 
in Germany and ^^Cnsntic Radiaiwn” in the ICng- 
lish-speakiiig countries ‘were later introdneed 
into scientific literature by W. Kolhdrster and 
R. A. .Millikan — tw'o of thf3 mo.st outstanding 
investigators <d' the nature and properties <il' 

this mysterious radiation. The intensity of 

the cosmic* rays is measured by the niimh(*r 
ot ions w'hieh they produce in ein^ of normal air 
per secMiiid. This ainoiiiits to 1.9 on the sea-level 
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but lloss who I'aiTiod his balloon ascoiits up to 
a hfij^ht of 4 to 5 kiloiiadors found that tho iutcMisity 
bocoincs 10 times as yjreat. At first it was thought 
that tho sun mi^ht be the source of th(*s(‘ radiations 
but balloon ascents, during a total solar eclipse and 
by nijxht, showed that intensity of these r.idiations 
had m)thinjr to do with tho snii. They must be 
thereffU’o coming from spac(*. 

Pilot Balloon Observations 

II(‘ss’s discovery showed that in order to jjain more 
knowlodge of eosinie radiation observation has to 
be carried to much greater heights than can be 
reached by oi-dinary maimed balloons. Above a 
height of fi-7 kilometers there is not (‘iioiigh air in the 
atmosph(*re to sustain human life, hence man’s llight 
was out of tlKMpu'stion ; so the motluHl of observa- 
tions with pilot balloon was perfected by K<»hlhoi*s- 
ter and Hegener in Cierinaiiy ami by ^fillikan and 
his ei»work<*rs in Ameri<‘a. In these a balloon pro- 
vided with an automatic n'gistcring apparatus is 
alloweil to rise up in the atmosphere. The automa- 
tic apparatus is a height and t<*mp<'ratnre reeonlcr 
and a closed eh‘clnimetcr whi<*h counts the number 
ol' ions and rei’orils them on a drum. It was found 
l>y these observers that the intensity goes on in- 
creasing e.xponr'iitially with tin* height ami when 
the air pressure falls to lOm td' iiieriMiry which corres- 
ponds to a height of ‘Js kilometers the intensity rises 
to :U)t) i<ms per <*ni''. This is about lot) times the 
intensity at a sea level, 'riien; are indications 
that after this height is reached the intensity remains 
constant. 

Stratosphere Flights 

In 1!K11, Picard in Belgium made his famous stra- 
tosphere aseonts. .V huge hydrogen balloon carrying 
a spherical gondola of diameter 7 ft. was allowed to 
iInc in the atmosphere. The gondola was fiitt^l 
vvith automatic recording afiparatiis and the ob- 
‘•rvens sealed themselves in it. Kor breathing, o.vygcn 
'.ras carried in cylinders. The cosmic-ray outfit «*on- 
i'^led of a sensitive apparatus called (xeiger-^luller 
‘Milter. Whenever a cosmic ray hit the apparatus a 
' 'Mild was produced on the telephones. Picaiil 
I -cords that at great heights the ticks of the tele- 


phone were so frequent and loud as to bo almost 
deafening. Since thcj ])iom*er flight of Picard .sev(*ral 
others stratosphere flights have been cari-ied out by 
Picartl and his assistants, by Scientific Commission 
of fhe Soviet Kepublii*, and by the National (Jeo- 
graphic Soidcty of .Vmcriea. Thcsi* in g«‘ncral havi* 
confirmed the n^siilts obtained by Iv»hlln'M*ster ami 
others, .\rention may be made in this coiims-t ion of 
the ingenious e.Kperiments of S. VernolV (ifllf.’)), in 
which one had not to wait for the sounding balloon 
carrying tho tube-counters to fall down to earth, Iml 
th(' counters automatically transmitted radiosignals 
giving the number of cosmic-ray coincidences at 
<lif!erent heights. Tin* results obtained arc ])(M'ha|)s 
not so trustworthy as those of Ih'gencr, but they 
are in Giir agreement with th(‘ lattm* and the method 
may, after improvement, prove to be of great value 
for the investigation of cosmic radiation in tin* 
upper atmospluTc over thinly pi»piilated regitms of 
the earth. 

Inve.stigations Below Sea Level 

4'hc nnniber of cosmic rays deereas(» from .‘»t)0 at 
8 kms. to 12 at s(*a-levcl. The loss is <lne to absorp- 
tion by the atmosphere on tin* way. .\s our knowleilgi* 
of rays depends largely on their i>enetrating power the 
question arises whether tin* cosmic rays (‘ontain 
some const it iient which may proceed even below sea- 
level. For this purpose* Regc*ner carrii'd out a s(*rif*s 
of expc'i'inn'nts in Like (’onstance. A (‘ount(*r was 
sunk to a depth of lot) mete*rs insidi* tin* lake. It- 
WMis found that even at this de*pth (*osniic rays had 
not entirely disap])(‘ared. From tin* e.\perinn*nts it ap- 
peared that if these rays were i*le<*lromagnetic waves 
they contained eonstitnents of <*xtr<*mo hardness*, in 
facts about 1,000 tinn*s harder than the har<le.st 
rays knowm on earth. 

1. The hardness of electromagnetic radiation can he 
expressed cither with the .aid of wave-length or ^ith 
the aid of the energy content of each indivi- 
diial qti.iiitniii. X-r.iys have generally the wave-length 
of about 10'" ciiis. on I. A*. U. The energy content 
of a quantiiiii of light t)f wave-length I. A*. Ih is 
12,000 volts. Rut X-rays have ahoul 100 times more 
energy. The hardest y-ray obtained from ThC" has an en- 
ergy of 2‘(> million volts. Kut cosmic ray which can 
pass the atmosphere and 240 meter of water has an energy 
of 10,000 million volts. 


123 


Vol. II. No. 8 
SEPTEMBER J886 



Meteors 

iConiinu€d from tho laot iaauot 

Mohammed A. R. Khan 

liAte Professor of Physics. Osmanis UniverEity Hyderabad (DeccanK 

As it is, only tin* most m:issiv<* or tin* most slowly 
iiioviii); inrtoors (losooiid t«» tin* K:irth*s surfaiM' :is 
in(*tooril<'s. Tlio fall of aljoiit <i to cS iiiotooritcs is 
n»(H)r(l(Ml aiinnally ; but this (hn*s not n‘i)n‘S(*nt tlio 
total lUinibcT that aotiially fall on the* l^arth, throo- 
qiiarters of whoso siirl'ai;o aro ('ovorod by wator and 
oidy a piM>r fraction of land is iidiabitcd by, or 
awpssibh* to, man. Taking all this into consideration, 
the total number of meteorites that niach the Karth’s 
surface amiiially may safely la* <'slimaled at four t<» 
six hundred. 

The chemi(*al compoMlion of most of the typical 
meteorites is fairly aecuratc'ly known. Ai)out ot) 
eh'inents have been identilied. Whih* thcr<» is no 
element in this list that is new or outsi<h* the chij- 
mists^ Perioilic Table, some of the products of their 
combination (in the form of minerals) are foreign 
to our Kartli. 

Though it was long felt that meteors must be of 
the same nature aud c<»nipositioii as meteorites, it 
wa-s not possil)h! to verify the surmise by direct 
chemical methods, as the very appearaiiee of meteors 
.signifies their extim-tion, and nothing but their .scat- 
tered ashes can be got hold of, if at all reeov< 3 red. 

Visual obs(*rvations of spectra of meteors wen* 
made between lS(i4 and lStS2, and these spectra were 
found to be (*ither continuous or to (.’onsist of bright 
lines, an orange-yellow lino indicating tin* presence 
of Kodiiim and a green line identified with one of 
magnesium. 

A<‘(?ideiitally .some meteor spectra were photo- 
graphed while arnuiging for ])hotographing the 
si)ectra of stars. Kight of these idiotographs 
obtained betw(*en 1S!)7 and 19*J4 were found to 
eoiisi.st entirely of briglit lines. During the last 
two months of l!)8l an observation programme 
was fitted out at Harvard and resnlted in the 
photogi-apinng of a ninth speetrnm whieli was 
found to consist of .some 4J bright lines (1*. M. 


Alilhnan, /f/z/VYrn/ A/rf/m/.v, V()l. 82, no. 6, 1932). A 
systematic examination of the lines of the several 
si)(‘etra revealed, beyond doubt, the presence of iron, 
neutral and ionized ealeiiim, inagnc.siiim and nhimi- 
ninm, with a po.ssible indication of ehromiiini and 
.silh'on. 

In his secjind pap(‘r dealing with his work at 
Harvard on more recent .spectra (/A/z / n/v/ Annals, 
S2, 7, 1932), Milhiian tentatively divides them into 
two main types :—(l) in whieh the IT and K lines 
of ionizcai eah'iiiin con.stitiitc* the mo.st prominent 
f(‘atiire; and (2) in which almost all tlu^ linos are due 
to iron, ionized ealeium being markedly absent. 
Tin? ditTert‘nee betw<‘en the two types originates i»ro- 
bably in dilleroiiees in ibe degree of (*xeit:iti()n in the 
metc»orie vai)oiir. Mc*teors with spectra of the first 
type appear above 80 Kin. height and arc analogous 
prasiimably to the stony or aerolite cla.s.s of meteo- 
rites. All the Ijeonid spectra examined belonged to 
this tyjie. Meteors of tlie second type* appear below 
SO Km. lieiglit and correspond to the iron or siderite 
cla.ss, their great(*r speeifie. gravity, perhaps, allowing 
them to penetrate deein r into the atiiif)sphere. 

In all spectra the Jim*.s arising from the lowest 
level in tin? iron atom arc very strong and the excita- 
tion in the; iron va[>our corresponds to furnace tem- 
peratures ranging from 1700® to 3300®K. The 
higher the degree of excitation the grcatt?r the g(*n 
centric velocity of the meteor.'* 

No lines due to the constituents of the air hav- 
as.M t been observed in meteor spectra, doubtle- 
because the ultimate lines of the atmosphere aiv 
present far in tin? ultra-violet and the light of tii.* 
incandescent vapour tlistilling off from tlicniielcn- 
of meteorites is much more iiiteiiso than that of tli. 
pho.sphorese(*nt air. 

Biiists noticed al«>iig ineteorie trails present ;> 
more complex problem. Effective excitatioii s<*om- 
to be low(*r at bursts than during the fainter parts n! 
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the trail, possibly duo to “relatively greater predo- 
niiiiancc of temponitiire radiation over iin]iaet radia- 
tion at these points,” the latter radiation apf)areiitly 
favouring the appearanee of ealeinin. 

Another ])erplexing but equally faseinating pro- 
blem is the persistence of liiininous trains, lhat some 
times continue for over an lunir after the extiiK'tion 
of the meteor itself, and spread over several hundred 
cubic miles of space. Ph»»tograpliy has been success- 
fully employed to the study of this phenomenon, but 
the real clue to its s(*cr(‘t can be obtained only 
through spectroscopic analysis. Their light is unfor- 
tunately very feeble and the uncertainty of their 
apparitions throws in an element of chance which 
makes systematic research eyceedifigly difficult. 

Suitable <»quipment of meteoric obs<*rvatories on 
hill stations of high altitude and clear atmosphere, 
with the co-operation, ])erhaps, (if daring a(*rial navi- 
gatoi-s, may in due course provide reliable observa- 
tional data and thus prepare the way for a I'orrecq 
solution of the probhun. Theories arc not lacking 
even in the present state of knowledg<». 

( \ r. Trowbridge has tried to explain the pei*sis- 
teiit luminosity of meteor trains as arising from the 
after-glow of nitrogen (Ap.J. 20, Jlf), 1007 and 7*rnf\ 
Xftf. Avail. Sr. /O, 24, 1020. fu his earlier paper of 
th(* two above-mentioned, he says that the luminosity 
of meteor trains may be explained as due t(» phos- 
phoreseent glow caused by th(* gradual recovf*r>' of 
the atmosphere from the ]ihysieal ami (diemical 
changes that may have been produced in it by 
lh(! sudden motion of the meteor. The pheno- 
iiienoii is observed in those regions of the* .atmo.s- 
phere that lie between 70 and 103 Km. altitudes 
with a mean height of about S7 Km.— that is 
lo say, in the K regiem or lower layer of the 
ionosphere. This in itself is a strong argument 
ill favour of IVowbridge^s theory that meteor 
trains are due to ionization of the air. 

Observation shows that a meteor train develops 
dong the track of a meteor long after the meteor 
"roper has moved forward a considenible distance, 
if the track itself swells up, suggesting a 
‘ it her leisurely expansion of hot gases in all din'c- 
* "MS from the track, their pent-up heat slowly 
: "liming the form of energy of luminescence. 


The pure spectrum of a meteor train taken 
independently of lhat of the meteor has never been 
photographed. When this is accomplished it will 
doubtless ]>rovide data that will plac(‘ Trowbridg(?*s 
theory on a firmer basis. 

Much important work has been done of late* 
at the Hell Telephoiu* Laboratories to study the 
ionizing effects of meteors. Mr. A. M. Skellett, 
in Prov. I. Ik. K. for February 1035, writ(\s a very 
ini (‘resting aceomil of these effects deduced from 
radio data. They may be summarized as follows : — 

(1) ‘.V rather large shower is nec(»ssary to afteei 
appreciably the b(*haviour of the trans-Atlaiitic 
shoi*t-wave radio-telephone circuits of the American 
Teh'phone and Telegraph (Vimpany, since these 
circuits are normally under a eotitimioiis bombard- 
ment by random m(*te(»rs.’ 

(2) Sudden increase in ioni/afion in the K re- 
gion i*- c(n*relat(‘d with the visual observation of 
a numbiT of bright meti‘ors jiassing near the 
Zenith. For the bright(*st iiK'teor obs(‘rved from 
the Li^onid shower of 19.32, the ionization increased 
to a value greater than that of simimer noon con- 
ditions, />., when the Sun^s ionizing effect is greatest. 

.\ (‘haracteristii*. feature of some meteors is 
llieir tendency to appear in groups or showers. 
^Feteorie showers are interesting not only from an 
aesthetic or spectacular point of view ; they have 
contributed much to our knowledgi* of the upper 
air and of diffuse matter gravitating in the voids 
of inter-planetary sj)acc. 

By far the most inqiortant meteoric showers of 
all times are the. Leonids. They a]ipear to diverge 
from a ])oint not far from y Lconis. In itself, the 
divergence is ni(*r(*ly an (‘fleet of pirspoctive, as the 
m(*t(‘ors proceed towards the Karth in parallel paths. 
Their point of divc'rgence is called the radiant. 
Lev(‘rri(*r, in liSl).3, show(*d that the Leonids move 
in the orbit of Tcmpol’s Coni(.*t of ISOf) T. 

They are a comparatively recent capture. Cal- 
culation shows lhat in 12(> A. i>., they made a 
clos(‘ approach lo irranii.s, whos(‘ gravitational at- 
traction changed enfircly the shape and size of 
their orbit and reversed even their directii^n of 
motion round the Sun ; so lhat tiuw iinwi*, since 
that year, in an elliptic orbit with its periludion 
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jxn'nt lyinK cImso t<» llio orliif, its aplu'linii 

cxtcndinfr only a litlU* Ix-yoiid tlin orhit (»f 
rranns ; and tlioir dim*ti«)n of orbital motion is 
opposite to tliat of the planots. 

''rin* rirliost sliowors of tin's swarm of moloors 
dnriii}; modern lime oeenrred in ITfMK and 

on llie inirbt of \ovember rj-13, ihonuli 
they appear at a more or less maximnm intensity 
every 3;1. 2“) y(‘ars — this brantr tlu* period of their 
orbital motion. At their latest epoeh tlM*y were 
expeeted to come out in fairly larj^e immbers during 
the seeond week of Xov ember, from 1031 to 1934, 
but in spite t»f earefni wat<‘hin>r all over the world 
there* has been a general disap])ointm<*iit on the 
whole. The* yeiimKe*r j;ene*ratie)n, howe^ver, eaii hoiie 
te) have be‘tte*r ln<*k dnrinj: tlu'ir next re*tnrn in 
19()ii en' th<*re*aboiits. 

A nnmbe*!* f»f e*nthnsiasts of me‘te*e>rie astronemiy 
have* ran.siekeel old ehronh'les aiiel brenijrht tee lifjht 
re*e*orels nf rich I.«eonid showe*rs that have* o<*enrre‘el 
in by-jijone ajjje's. Proniine*nt amon^ these' are* H. 
A. Newlem of Vale, \V. V. Denninjr e>f Pristed, and 
llirayama e»f Jajjan. All the* known showers 
eibserve'd in Japan, Ive»re*a and Mane'hnria (with 
se)nie* in (’hina), betwe*eii the* 10th aiiel the 17th 
e*e*ntnrie*s an* fnnn llirayama’s e*atale>jxne*. If. A. 
Ne*wte»n jrive's a list e>f 13 slmwers eJitaineel frenii 
varions sonre*e*s e'eanmemein^ with 902 A. I», and 
j£e)iny; ele)wn le» 1933. ^riie late* Dr. \N . J. Mslie*r e)i 
ITarv ard has re*feTn*d to the*ir we»rk in the Oe*te)ber 
1934 issue* <»f the> Telasrnpp. 

Twei e)f the* Le*emid slmwers ^iven by H. A. 
Xewteni (/•/*.. tlmse e)f ()e*te»be*r 14, A. l>. 902 anel 
1202) se(*ni te) have be*e*n re*e*e)rele*d leriinarily by 
Arab e)bse‘rve»rs. Prof. Kre*nke)w of Hemii sent me* 
re*(!ently a list eef ineteorie. showers anel fnv-ball 
ai)parilieins de*seribc?d in i\\o. Kitah al-Miuitnxam of 
the? jn-(*sit .Vrab eiieye*lopaedist, Abdar llahmaii 
Ibn al-Jauzi (beirii 1111 and dic'd 1201 A. D.). who 
was a pre)ft*sse)r at the* famous Xidhamiyya Collej?(? 
of Hatrhdad. 'Fhe-y we*rc* obse*rved between 925 and 
lOlit) A. i». One* of the* she)wers jrixTii in this list, 
that of 1.3-14 Oeteiber, 93.5, which occurred during 
the* ("aliphate of .VI-Radi RiJJali is iiiidembtcHlIy 
a s])e*et4ieedar dis])lay of Le'emids. Prof. D. S. 
Margolionth of Oxfeerd tells me that Ibii al-JaiizL^s 


account of this shower can be traced to the observing 
a.stronomer Thabit bin Sinaii. Thabit's .statement 
that the shower “ was observe*d in Baghdad, 
Kiifah and the adjoining regiems and was unparalle- 
led and indee‘d iinapproache*d in intensity” - (Vide 
EH ipsa of Ihe Abtmsid (’oliphoiCf 4, 'Sl‘3), gives an 
idea e>f the* richiie*ss of the; shower. 

II. .A. Ne*wton mentions in liis li.st abovc^ ref(?iTed 
to two lj{*oiiid.s of that pailiciilar epemh, one? of 
Ocitober II, 931 and the* other of Oct. 14, 934. 
It is inte*re.sting to kne)w that ThabiPs shower of the 
same* e*pe>eh was e)ii an ex(;eptionaIIy grand scale*. 

^I'lie. succc'ssivo ea*e?iirrc*nce of Leonid showers 
for 3 e>r 4 yi'ars at ca<*h cpocJi shows that these 
mc*t(‘oi‘s are spread e)ver a fair distance of their 
orbit. But they form rath(*r a itarrotr .swarm 
iimsniuch a.s the* Karth passes oblie|U(*ly through 
them in e»nly six hour.*^. 

It may be* nientie)ned he*r(? that Kishe'r, who got 
toge*ther inu(*h useful literature c*oiu*erning past 
T^e*onids, indicates in his i^aper above ri'fe*iTe.*d to 
that in the i)eriod e\t(*neling from 902 A. D. to 
pre*sent time's, no records have bi*en traced of show- 
ers belonging to some 12 e'pochs. Further .search 
may till these.* gaps. Oriental historians in the past 
have evincc'd a great partiality for introducing 
accounts of contemporary ee)smic events in their 
de.scrii)tion of mundane matters. Workers in this 
field may come* across refere*ne*(‘s to .some e)f these 
mis.*<ing .showe*rs. But it inns! alsti be* be»rne in 
mind that our re.*cent expe*rience* with Leonids .she)ws 
that every epoch nc*(*d not ne*c(*ssarily bring in a 
spee'tacular display. 

Next in importance are the* Perseid .sheiwers 
of August 12, following in the track of Tuttle’.s 
Comet 18G2 III. A goe)d feature of this swarm 
is its .soiimwhat nnitbnii distribution over its entire 
orbit, so that they — the Perseid meteors - -rarely 
fail to delight the night-Avatchers at thej expeeted 
time every year, though always falling short 
of the? grand .spectacular displays eiffered fitfully 
by their capricious compeers, the Leonids. Some 
of the oldest .showers irientioned in the annals of 
old (3iina are Perseids. 

Among the more or le.ss regular .showers of 
modern limes may be mentioned the Geminid.s of 
December 13, and the Orionids of October 19, other 
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important show(*i-s aro tho l^yruls of April 21, 
<*oniKH*ted with Tllatcll(M•^s Ooiiiot of ISJil, tho 
A ndroiiKMlos of Into NovimiiIxt assoriatt'd with 
Hiolii’s (^miot whicli hroko up in 181G and disap- 
peared in 1802 and the '/ Aipiarids of early May 
conneeted with Halleys (\nnet. 

Of late years (liaeobini’s (^nnet (period about GJ 
years) has becMi presenting tlie Karth with tine me- 
teoric dis\)iays on 0«*to\>er G. Ihit we, in India, 
are not favourably situated to watch th(‘m at nif^lit. 
Poiis-W'^innccke s (^)met of 11)21, Lex(.*irs of 1770, 
I)<‘nnin{r^s of 1881, Daniers of lt)07 and Zanoth's 
of 1730 have also contributed to more* or l(‘ss 
striking meteoric showci's. 

The r(‘lali(»nship between e<»inets aiul meteors 
(‘onsists in the similarity l)ctw<‘en the orbits of the 
several periodic comets and those of th(» corres- 
ponding niet<?oric swarms. This was verified in 
1872 when a nia^niticent shower was observed as 
the Karth passed tliroiiji;!! (lie old track of Hiela's 
(Joinet which had disai)p(‘ared in ISjVJ. It does 
not follow, how(*ver, that <*vcry meto<n’ic swarm 
(inanifest(Kl by a show<*r) ri'siilts from the break-up 
of a <‘onw*l. Prolonjr(»d observations of Leonid 
showers snj;}r<».st that thes<* m<*teors and their 
co-orbital 4‘omot may have been derived from an 
identical cosmic cloud. 

Syst<’mati<- observations in lOnrope, Amerh’a, and 
the Jiritish colonies have led to tin* identification 
of ov(*r oOO radiants associat(‘d with more or less 
small scale showers. An index to some 320 radiants 
of southern iimteoric showers by R. A. McIntosh 
of Auckland, New Zealand, is published in the 
Mimthty Xoftres of the Ibiyal Astronomical Society, 
Wo, 8, 11)30. 

In addition to the usual type of showci’s that 
extend jjenerally for a mimbm* of days diiriiijj: parti- 
cular (*pochs, fine show<*rs are seen occasionally that 
last only for a few minnt(‘s or so, coming otl* all of 
a. siulden and stopping more or less etpially suddenly 
— thus iiidicatii)}; a swarm movinji in an orbit of 
exceedingly narrow width. The ]n*esent writer had 
the jjood fortune to observe a remarkably rich 
shower on November 21, 11)35 between 18 h. 50 in. 
and 19 h. 10 tn. rniversal Time, from a radiant in 


the eonstellation of Moiioceros -(Viih* Nature for 
Nov, 30, 1935; the Ohserratnry for January 193G. 
and thpatar Astnmonnj for F(*briiary 19.3)>). 

When a meteor snrviv<’s its passam^ throiijih the 
air and falls as a m<‘t(‘orite, it oftmi t>;iv<‘s rise to 
characteristic pheiioimMia. Meteoriti's have bo<‘n 
seen to bnwik otl* from fire-balls or bolides when the 
impact of the air against the front surface <if the 
meteor proves too much for its [larticlcvs to hold 
tojrether. This breakin^r-np i»f the meteor {rives 
vise to territie (explosion lik(‘ the firing of artilh'vy 
or a clap of thunder, follow(‘<l often by a low riim- 
blin^r noise and soimdimes by a sound not unlike 
that- of tearin^r calii’o caused no doubt by the 
sudden expansion of heated air and its snbs<M|ii(Mit 
retiirn to normal position. 

V<Ty often meteoriti's do not i>enetrate deep 
into the soil — (he depth dependinj; naturally on 
the nature of the soil and the final velocity of the 
fallinjr body. Occasionally, larjre meteorites have 
been found to make crater-|ike depressions round 
the spot when* (hc‘y have* fallen, as in tin* case of 
the llenbnry craters in tVntral Australia. 

The hnjre cratc*r near (\inon Diablo in Arizona 
and s<mi(‘ smalh*r ones dis(*ov«*r(*d re(*ently in Wabar, 
Southern Arabia, have been (*\amined (*arefiilly and 
the lu’evailinjr o|>inion is that (lu*y have been formed 
by the impact of {ri^antic m(*ti'orites, several 
thousands of tons in mass, with the Karth*s surface. 
The planetary vehs’ity of such larjre masses is not 
appreciably r(*diic(*d by the fri(*tion of the air (owiiijj; 
to the small ratio of th(‘ir surface* to mass); and 
when th(‘y strike the Karth tin; whole of their 
eiierjyy is «*onv(*rtc<l into h(*at whi«*h volatilizes 
both the meteorite and the material of the Karth’s 
snrf.n’c that comes into contact with it. 'rin* mois- 
tiin* in the ro4*ks suddenly pass(>s oil' as st(*:im and 
si*atters, round the rim of (he <*rater thus formed 
and 4>utside it, tin* debris deriv<*d from the m<*teor. 

The meteor crater of Arizona is a cin*iilar 
ilepression 4,000 feet in diam<*ter, its walls sloiiin^ 
upwards from the eentn* and rising to a height of 
130 t<» 140 feet abovi* the surroundin'^ country. 
Its d(*pth is about 570 feet, 'rhousaials of pieces 
of meteoric iron (iron alloyed with about 7 p. c. 
nickel ami a little cobalt) have b<*en found on/- 
side the rim of tin* crat(*r. Some platinum and iri- 
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(liiini and siii.ill pir'rcs of wliilr and Idark dia- 
iiiniul liavc alM» Ihm'Ii ohtaiiKMl around il - tin* dia- 
mond liavinjjr l)(*cn roi’iiird l)y tiu; rr\>lalli/.atinii nl 
orjJCaidc carlam di.sMdvod in fin* iron l'iiM*d liy tin* 
lioat <d llic ini|)a<*t aial suhjrrtiMl tn I l•^■nM•lKlnlIs 
prcsMiri's. It '\va'< dnnl^tloss <liio In a oard’id >tndy 
»d’ those ‘meleerie find>’ al t^ainin Diablo that 
Moisson siieeeeded in lii> nianid'aol iiri* of ariitieial 
diamond oi* “niois.vnnito.” 

'riiore is <'vrry roason (o bolioNa* that the lir.*'t 
motallie iron that man ever handled uas of ni(‘te- 
orilio origin, rhoii^h the niimbei* of iron met(‘orites 
(siderite.*^) that have aetnally been snii to iail is 
only ‘J.i or lM, tin' t<»lal amoimt nf nieieoritie iron 
flisrnrcntl on the siii’laee of tin* eartli is very larije. 
^I'he lar^e.^t known irtnis aie ( he (JO tnii lloba ni«‘l<*o- 
rite, dis<*overed in S. W. Afri<‘a in 10*J0, (lie !'>(iA 
ton meteorite known as Ahni^hito <ir “'I'ho 'Tent” 
Imm^ht by ('ai>tain I\*. K. Peary from (ireenland to 
New ^’ork, and (he '21 tons iron on tlu* farm i»f 
Ml Panehito, near l»aehid>irito, in Mexieo. hAa^n in 
modern times man has utilized met(‘oritie iron to 
make his favourite weapons, ereditin;^ them with 
abnormal properties oNsiny: to their extra terrestrial 
origin. As for example, |']mperor Jehanyir had two 


swords made out (d* the im^teoritt* that f(dl at tJalan- 
dhar in JiiiK' Ki'Jl. dames Sowerby made a sword 
for t'/ar Alexander of linssia in IS14, out of the 
(’ape of (Jood Hope in»n meti'orite, which he* dest-ri- 
bed in an issue of the Phil. Mtuf. in 1N2I). 

Very likely many implements of peaoefid enter- 
prise also hav(‘ 1)een made out of sneh irons in 
Aneieiit India. I’hat is why there is so little* m(‘t(*o- 
ritie* iron “foiind*’ in our eoiintry. All that was 
available* at the suid'aee* mu.'^t have* be*en ns(*d up 
leiny .iye». 

It may be* inte‘re‘stiny tee mete* that an irem me‘tee)- 
rite* we'iyhiny KJ Kilevyrams was feainel at l\e»elai 
Kanal in iSltS. Ae*e‘oreliny te» Phipse>n, tin* first ireui 
srnt hi /all was the* mie (hat fe*ll in the* preivinee e»f 
Djeirjaii in e»r abeeiit lt)(i!t ( ein the* authority e»f 
Aviee*nne*s ). 

P»y far the* yre'ate'st mimbe'r eef me*te'e>rite*s that 
have* be*e‘n seen te> fall are* stiaiy anel are* te*ehnie*ally 
kimwn as ae*re»li(e*s. 'I'he* larye-st ae*re)lite*, he»we*ver, 
is mue‘h .''malle*r than (he* si(h‘rite*s abeive* re*f<'rre*el 
te». Ae*re»lite*s we*athe*r mi»re* epiie'kly anel this is euie* 
e)f the* re*asons why see few Iarye-si/.e*el steme* nie*te*ie- 
riles eef pre‘-his(e)i’ie‘ falls have be*e‘n Mise'e)ve*red.’* 

The* sid).je*(*t eef me*te*eerite‘s is miieli teeo vast tee 
be* ele*alt with in this pape*r e>n me*(eors. Mve*n a 
brie*f met ie‘e* eef it weeiihl re*e|uire* a se*parate‘ tre*atme*nt. 
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Synthetic Plastics 
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'I'lIK n|)|)niii(iiK'nt nf Prof. Dr. II. K. Sfii :is flu* 
Din'ftoi* i>r llio L;tc Hcsp:in‘li Institiifp, Nniikiini. 
Kiiiiclii, lijis (Irsiwii tin* .itlnilion of tin* imblic* In tlw 
position of .slirllar as a plastic, material and t(» the 
heavy inroads math* hy synthetic inattM-ials in this 
ii(dd. '^riiis eomp(‘(ition of synthelit* materials is <it 
irpeat importam‘<‘ to Imlia ^vhi<‘h liohls a pra(‘ti(‘al 
iiioiinpoly for shellac. Iiidi.a's export of this article* 
fell to less than .‘it)t), 0(M) cwt. in litltJ. hut it is 
jrratifyin;r to learn tltat in reeent years the traele lias 
resinned its normal llirnn* cd' aliont o, olMUM) <*wt. 
In tin* y(‘ar 11)11, the prici‘ of shella<* in Kn^laml 
was only ahont lit) shillinjrs per <*wt., Imt diiriiiL!: the 
(treat W'ar, the price rose hy leaps and hoiimls ami 
ft»r a time in it reaclu’tl the ama/.ine; limire of 

1.01)0 shillinus per cwt. 'rids nnpre<‘(>dent(Ml rise in 
price stiniiilatcil |•esearch in westei'ii ct»nnti*ies lor 
>nita1>h> snl»stitnlt‘s witli tin* adv<*nt <d‘ whicli tin* 
price tif sindlat* iH'irnn to fall and n*ached the pn‘-\Var 
fitjnre tif OO shill injrs per cwt. in thonjrli {( i,as 

risen ajiain in i*r‘cent years to ahont lOO shillin*!:s pi*r 
ewt. on :ic<‘onnt <d‘ inci'e:ised demand ci*eateil hy new 
Uses found ftir it. 

With the fate of indigo, ali/erin, camphor, and 
other natural pi’tulncts l«> serv<‘ as an ohjeet lesson, 
the (iovta'imieiit of India :i|ipointed Messrs. Lindsay 
and Harlow to make an eminiry into the position of 
the lac industry; they actetl on their recommendation 
with landahh* prompt itmle, and estahlislnsl and 
tinanc<‘d the J^ac Ueseareh Institute at Uaiichi. 'riie 
jiistilication for this adv:inced policy of the India 
(lovernmeiit will he found in the lijriires quoted 
above whii'h show that thinjrs are hrijilitenin*; up 
aj^ain sim*c tin* year ID.'J'J, due mostly tt> new uses 
foniid for shellac* hoth here and abroad, 'riie formul- 
ation of a h«ild scheme of research, both pure and 
applied, and its (‘ilieient carrying: out under the 
able guidance* of Prof. Sem will, it is Iniped, fiirthcT 
Jiiiprovo the.' situation and briny the niiich~nc>(>ded 


eeoiiomic I’elief to the extremely poor pi-asailts of 
the lac-jri*owiny disli*icts. 

If shelhn* is still hohliny its own in the fac*e (d’ 
serious competition from synthetic rivals, it is more 
due to it" ehi*;ipin‘ss than tn ;iiiy inherent superiority 
in its pmpertii'". and the miim(‘nt its jiriee is laiscsl 
ay.iiii, synthetic* products will rajiidly take its place*. 
S.Mithc'tic* rc‘sins have* laiyely replaci*d shellac in 
paint. varnish, and eh'ctric'al industries, but 
have* not bi-eii able* t'* "hake its position in the 
emmophom* reectrd industry which consnmc‘s about 
It)"/ of the total shc'llac* |>rodnced. 'riie resili<*ney 
exhibitcMl by shi'llac maki*s the records eomp:irativ(‘ly 
imminii* from the* wear and tc‘ar of a needle*. But 
ihe‘re is no re*aseni fe»r eompl:ie‘ene‘y ; exti'iisive* 
invc'stiyatieni" ai‘e beany maele* to-day on the* suitability 
ed‘ othe*r material" for n‘e*ord mamifac'ture*, and 
t1e*\i!)h*. non-brillle* record" with e‘xce*lh*nt sound 
re‘prodni*iny <‘apacit>’ have* bee*n made* from ce'lliilose 
ai*e‘late* and olhe*r ])lastie‘s, and if the*ir prie‘e* c*an be* 
snt1ie*ie‘ntly lee\ve*re*el, they will olVci* se‘rieMis eomp<*(i- 
tion to shellae* e*ve*n in this tie*lil. 

'rh(*se* so-ialled “synihetie* I’e-sins" have ne» 
relationship with natural re*sins in e*he*nii<*al e*omi)osi- 
tioii atiel the*ir prope-rties .-ire* by no nmans e‘oniinc‘d 
to those* of the* natural pieiehict. Ae'cordiny to the* 
raw' material" used and the niethoels of mannfaetnrc* 
lollow'cd, the‘ir physie'al and chemical pi‘opertie‘s e*:in 
be* v.*irie*d eeve*r :i wide* ranye* at w ill and this fact 
alone yives the* synthe*tic product an advantaye* over 
the* natural. Some of the"e products (c. c/. Novolae*) 
are lieinid, some* are easily fusible* solids which re*vc*rt 
to the solid state* whe*n ciieiled (reve-rsiblc; 
the>rme)pl,'istie‘), while* eetlmrs be*e*ome* plastic* when 
hc*ate*d and the*n be'coine* |)ermanent ly hard 
(irre*vi*rsible* thermoplastic). As the*y bec*ome> ])histie‘ 
at a hieyh lemi)e*rature, the*y e-an be* shaped, moidde'd, 
or cast into diiVerc'iit forms and shai)i*s. 

The* syiithetie* re*sin industry has yi*i>wn to an 
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ononnoiis (*xtoiit. (luring tin* lust 10 yi*jirs aii<l is still 
ra]>i(lly jjrowinj;. Tin* liritish P/ftsfir )cftr Hook 
mentions the names of not less than 0t)0 firms 
cngaKt'tl ii* tfii^ trade, 'ria* total world pr.ahietifm has 
been roughly <*stimated at 150,000 t«ins and tln*ir 
value at about t 1*0, OOt), t)00. It is inten>sting to 
note the raiad growth of the industry in Sovi<*t 
Kiissia on the one hand and in the l^iited States of 
Aiiieriea on the other. Hefon* JO'JS, synthetie 
plasties w(*re iinkmovn in Ibissia. Kaet oriels w(*re 
however established during the lirst five year 
plan and the [wodnetion whieh amounted to S.'l. 1 mill 
Ilbl. in 10015 ipiiekly r<»se t4> Ilf) mill Ubl. in 1004 
and ill 1005 the aetiial prodnetitai has Ix^eii estimaOul 
at 17ti mill Kbl. This figure h<iW4“VCT amounts to only 
ir)yj of Kns^ia^s intf^nal needs and it has tlxTefore 
been planned that the prodiietion will be raised to 
250 mill Kbl, in lOOti, 4ti0 mill in 10157, and ti75 mill 
in lOOiS. Mvtensions in diflerent faet<»ries have 
already been takiMi in liaml a(*eording to this ]daii 
and the ililVereiit plants are being workc'd at their 
full eapaeity. 

The Tnited Slates of .Ameriea, the hona* r>f 
Kakeland of Kakelite fame, pr<»dueed about -15 mill 
lbs phenol plasties of all types in 1004 but 
in 1005 this figure rose to about 01 mill lbs and tbe 
average selling firiec* was redneed from 15 eents to 

II eents per lb. Ke-'^ides, Ameriea prodnees large* 
quantities of other types of synthetie resins as well. 

The reason for this phenomenal growth may be 
found not inily in the discovery of a large variety 
of synthetie resins with suitable properties and a 
wide range of a|)plieatioii but also in tiu* improved 
t<*(*hniqne of niaiinfaetnre. The suitability of this 
material for different pnrp4»ses may Ik* gangeil from 
the faet that to-day llH*re is hardly an industry which 
<h)es not use these* ])ri>dnets in one form or another. 
The monhling operation now takes less than a minute 
whereas formerly it nxpiired nion* than 130 minutes. 

III the ease of thernio-s(*tting resins, the time of 
hai-dening has been redneed from about an hour to 
less tlian 8 minutes. The articles can be obtained 
from moulds with sutlieient glaze, making subs(*quent 
polishing iinneecssary. In the ease of reversible 
thermoplastie.' , eonqilieated forms (*an be made by 


Aveldiiig together different parts, and shavings and 
other wastes can be re-used just like the original 
material while the irreversible thermoplastics can be 
us<»d at a high temperature without the danger of 
softening. I'heso plastics can be incorporated with 
cotton, woodmeal, soot, clay, pigments, etc. with the 
obj**et of improving their properties and appearance. 
The hardened mass can be cut, drilled, and othei’wise 
operated at will, or can be east into different shapes. 
'rhe.se proi>erties have addeil to their us(*fulness in 
industries. 

Of the different .synthetic resin.s, Kakelite is 
mo.st widely known. In the year IffOS, Dr. Kakeland 
first produced this article as a commercial commo- 
dity ill r. S. A. and to-day the wru*ld production of 
this article may be (*stiniated at over 1 75 mill lb.s. 
per annum, 'riie production (»f raw mat(*rials, 
phenols and f(»rmaldehydc. has correspondingly in- 
crea.sed. Thus in 1f)2i3, only )3.i mill lbs. of phenol 
‘ind2LSnill lbs. of formaldehyde* were produced in 
I ’. S. .\., the figures for lb2b were 21 mill and 52 
mill re.spectively and these figun*s must have been 
further increa.sed by this time. 'Plu* prc.sent-day 
limitation (»f the prodiietion of phi'iiol in sufficiently 
large (plant it les is however acting as a handicap to 
further d(*velopment of this class of re.sin.s. 

The nature of the calaly.st is an important factor 
in (h'ciding the charact(*r of the product to be 
obtained. If an acid catalyst is us(*d, a p(*rman(*ntly 
fusible resin, “N«>vi>lac” is obtaini*d, which can be 
converted into solid form by tr(*ating it again with 
formaldehyde and ammonia or with h(‘xam(*thylene 
tetramini*. If a strong basic catalyst like ammonia 
be used from the very b(*ginning, an iiasily firsibh- 
solid r(»sin can lx* obtained, who.s(? i)roi)erti(LS are in 
many inspects similar to sh(*llac. AVImmi it is h(*ated 
in the mould, it becomes p(>rmaiieiitly hard ; the time 
of hardening can lx; irgiilatixl by controlling tlx 
tc'inperatiin* and the amounts of formakhdiyde and 
amnionia. This prop(*rty has oi>ened up a wide fiehl 
for its application. 

In itsc*lf, Kakelite is rather brittle but when 
iiic(»rporated wu’tli fibrous materials like cotton, it^ 
t4*iisile str(*ngth can Ik* increas(.*d to about 14,000 lb-. 
p(*r .scp inch. Henc’e, shock resistant materials likf 
golf sticks, fishing reels, motor-car parts, silcMii 
wateqiroof gears, etc. are made from it. Its highb 
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insiilatiii^ charaotor and tlio rnsistjuioo of its prt)- 
portios to changos of toiiipfraturo and hiiniidity liavo 
made it particularly suitable for electrical goods, such 
as plugs, sockets, switch b(»aixls, armature fittings, 
radio condensers, and housings, etc. It can be heated 
to a high temperature without catching lire. ll<*at 
resisting materials such as heater plugs, ccmking 
utensil handles, ash trays, smoker’s pipes, etc. are 
therefore made from it In the metal imhistry, 
grimling wheels are made of abrasives bonded with 
]>hcnol resins in place of shellac. It has been 
reported that one such industry in W S. A. saved 
i{t),000 dollars a year by the use of these improved 
grinding wheels. Similarly, their use in the manu- 
facture of break-linings and cliit'h fat'ings in niiitiu* 
cars has led to greater etlici(‘ncy and lower cost In 
brushes, bristles an; fixed with this Ihikclite cement 
which is also used for sealing eh'ctric lamps into 
its metal and for othm* purposes as a high vacuum 
ceaiu'iit. As it can be cast into ditf'en'iit forms and 
can be incorporat'd with colouring matters, decora- 
tive article's with beautiful pictures and designs on 
the surface <*an be made*. Dental plate-s made from 
it. e'an be dyed to the colour e»f tln» gum ; lln'V possess 
strength and lightness, and are odourless and non- 
absorbeiit and an* tlu*rel‘ore <|uite safe for use*. 
Ih'aiitiful jewellery and otlu'r nejveltie's, sinh as 
e*le)e*k case-s, meitor e-ar parts, etc., are* alse) inaele* by 
e*asting. 

By im|)regnatiiig paper with the*se* resins thick 
sh(*ets ami be)ards with glassy surfae*e are obtaineel 
and are use*d feu* table to|)s, spools anel be>bbins, 
winde)w sills, etc. If properly cnlemre*el, it e'aii be 
made to le)e>k like marble and in this feu'in it is large'ly 
us(*d as a fle)oring material. Tables, chairs, eaips, 
saucers, etc., bejth fe>r indoor anel e»utdoe»r use, are 
largely made* fnmi if. The possibility (»f furthe»r 
<*xpnnsi()n feir its use was indicated in an (*xhibitioii 
at South Kensington where a beautiful “all-plastic'^ 
room was exhibited. These synthetic mal<»rials are 
made cheaper by impregnation with wo<Klmeal and 
owing to their resistance to bacteria and moisture, th(*y 
are steadily replacing wood and metal for a variety 
of purpose.^. 

In oil-soluble form, they arc largely used in the 
varnish industry, either alone or in conjunction with 


natural r(*sins. They prot«*ct surfaces b(*tt<'r. as they 
are more resi.stant to water, to dilute a<Mds and 
alkalies and to the action of solvents like alcohol, 
benz<*iie, etc. It has been reported that actual tests 
carried out under tropical conditions have provt'd a 
very high prntective value of sindi coatings. Soft 
and flexible water-pnads are now ma(h* by tr<>ating 
fabri<*s with these |)henol resins, 'riu'sc* rain-ctnits 
stand aging and climate better and can be inmed. 

Other Synthetic Resins 

Another ela<s of synthetic resins known as amino- 
plastics arc made frcini urea or thiourea and formalde- 
hyde. '^riie mamd'actiiring process is similar to the 
phenol resins. Nmi-fragile, lire-resisting articles with 
a wide choice (»f colour and gla/e are made on the 
same lines as Ikakelitc. W'liih* phenol plastics are 
sns<‘eptiblc to the action of strong alkali, the urea 
plastics are more resistant to tlicir action, and owing 
to their non-fragile ami transparent nature, they 
have a bright prospect for tin* future, in the last few 
years, they have gaineil great popniarity and the 
sut»ply of raw materials which can be obtaim*il in 
large amounts places no limitation on their 
production. 

l»i (lermany a special class of toasties are being 
made by the condensation and polymeri/.atioii of 
triethylamine derivativ<‘s with long chain unsaturated 
ai'ids, such as those iireseiit in linseed oil or in colo- 
i)honinni. '^riiese products are not acted upi>ri by 
'lilut<' acids, alkalies, or ah’ohol. 'I’hey are soluble in 
drying oils and in many volatile organic solvents and 
are therefore much valued iu the varnish industry. 

(ilyptal resins an* made by the condensation of 
glycerol and polycarbiixylic acids, such as pthalic 
acid. It is obtaine<l as a watc-rwhite syrup or easily 
fusible resin suitable for tin* varnish industry. Kor 
thermo-setting articles, it is usually cast in ditlcreut 
forms and hardened. Owing to its transpar(*ncy, it 
is ium*ii valued for pencils, pens, and other taiicy 
goods. 'Phe process of final hardening is however a 
matter of several hours. It is largely used for micanite 
sheets alid for insulation, as it exhibits the property 
of .sticking t*) mica like sliell.ic— a proi)ci*ty not 
shown by other synthetii; resins. 

Yenylite rosins form another important group 
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and an* iiiadt* by tla* polyiiu'i'i/ation oi' alipliatu* and 
ananat'K* vcmivI (‘onipnunds, anti an^ ot'ttMi (‘onpb'd 
witli iinsatiirati'd fatly acids. 

(^MiniaroiK* resins wliiclr have a very larj^e nntpnt 
are formed by the pr>IyiiH'ri/.ation of iiidciie, styrene, 
eoiiniaroms ('fe., pn'sent in solvcMit naphtha by means 
of snlphiiri<' aehl. ft is thus i»l>lainerl as a by-prodnet 
in |)(‘troIeimi and (‘oabtar oil refining and are lar<re|y 
nse<l for spirit and oil xarnishes ami for printing 
inks. 

(\‘is(‘in plasties are made from tliis milk product, 
and formahlehy<le. Sim-e the advent of tlie syntlu‘ti(‘ 
plastics. thc‘ir commercial importance has to some 
e.xtent siillercd. Ihit in India where the aL!:ri(Mdt iirists 
find it dilliciiit to di.spose of th(‘ir milk at a reiiiiiner- 
ativ<' price, this new ns<‘ for casein would have a 
spei'ial value (d' its own. 

'rhouy:h y:reat strith's have be(!u mad(‘ in the 
manufacturing: techiiii(U(‘, the (‘iiemislry (d‘ these subs- 
tances is little understood. X'ij^oroiis investigations 
are ln'injjj mad<' to lift the veil of ilarkuess that 
sIiI'oikIs the chemi(‘al compositions of these subs- 
tances but with litth* succe'>>. It may on the whole 
be sai<l that tlu'se substaii<‘es are mixtures of h>nji[ 
chain molecules of diilenMit si/«‘s formed by 
polyincri/ation and (‘ondeiisation pna'csses. It has 


been sny:j^ested tlu»t litpiid plieiiol-formaldeliyde 
resins iiio.stly contain ai(‘ohols <»f the diliydro.\y- 
diaryl-niethane series. Oil ll' (^Ilo (ll"OIf (Mlw)i,— ^ 
H'OII (where Hs'r.ands for Oflllo and U" for 
(.'elfiX but tliere are inniniKTabh? possibilities «if 
isomerism (ortho, meta and para) and the relative 
position of (^11 and groups in the molecnh; is 
uncertain. In urea resins, it is still an open question 
whether it is constituted of a ini.xlnre of chain 
mc»lecides of the type Olf. (’ll;.. NIL (^O. NIL (Ml^. 

NIL (11,. N!L(1>. NIL (11,. MI or of dosed 

rinjj compounds having the following structure: 


N - ( O-N 


(II,- ()-(1I, 
(1l,-0-(1I, 


: :N-( O-N r 


lU- 

(^IL. -.-N-oo 

Cll.-O-Cl'l.. 

Ap:irl frnni tln*se purely scientilic investijratituis 
or .attempts to lind new plastics, modern resear<‘hes 
are proceeding maiidy In two din'ctinns, /. c., (1) evo- 
lution of nii\(‘d plastics h.avin^lT s[)ecial pi’operties 
by tin* iiM* of dilTerent types of raw materials during: 
polym<*ri/ation and eon(h*nsalion, and ('J) modification 
of tiu* properties of (andi class by the inlrodiu'lion of 
<T»ss linkings with a vi(‘W to form three diimaisional 
molecuh’s. 

iTn ho nnitiinivtl). 
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M N. Saha, Pannalal Kapur 


[Attempt lias lieeii made to j;ivo a clear ami ecaiiieetetl 
aerciunt of all matters of importanee discussed mi this 
ficcasion. This has necessitated the inclusion of the liistori 
rally or otherwise relevant matter, which was pre-siipposcil 
on the part of those who altetideil the conference, and 
without which the aceoiiiit here woiihl have been <juite 
iiiiintelli}>il)1e. Matlieiiiatica has hecn altoj'ether avoided, 
and only the f^eneral line of tlion^lit is stressed | 

sonic* yc‘;ii*s pnsf, Professor \ic*ls IJolir lias been 
III the Inibit of enllin^ a privalc* eonf<*renee of 
pliysieists ;it (/opeiiliji^tMi (luring; ‘^iiininei*. 'file Inst 
^Y;ls ill HK'JI. '^riiis year's eoiif(‘n‘iie<‘ wns IieUI 

in tin* Inst itiitc' for TlieoretienI I^liysies at niej^ilnin- 
svej If), ( Viiieiilinjjt'eii, from June 17 fo June ‘JO, ninl 
\v;is attended by about, one lnin<[r(‘d pliysieists 
(most of tlieni original workers in mieit‘ar pliysies) 
from dillereiit parts of Kiimpi' and Anierie:i. Kor 
four dnys tin* Institute w;is tin* .se<‘iie of V(‘ry lively 
ami iiisfnietive disenssions on the latest bram*h of 
pliysi<‘s. Anion^ those who attended the following 
may be mr>ntion('d: 

Profs. M. Horn ; Frain-k ; von lleiiesv ; Stern ; 
Pauli; I l(‘iseiiber^ ; Meitner; Oliphant; 'riioinas ; 
Jordan ; KranuTs ; Weisskopf ; Delbn'iek ; Ibnller; 
London ; Plae/ek ; Teller; I'Viseh ; ^Hiller; Kalekar ; 
('ai.simir; Peierls ; \Vei/.siieker; Amaldi; Wiek; Ivoeli; 
lloltsmark ; 'rrnmpy ; IJbaba ; Jakobseii ; Saha ; 
Hieliardson Jr.; Ibneln* ; I ’hleiibeek ; Diiiiiiiii*!: ; 

I fund ; Ro.seiifeld ; Kiih*!' ; KhreiifesI Jr.; Ilnime; 
Ji'hle ; Hasinnsseii ; Mro/.owsky ; Waller ; etc*. 

Profc'ssor Bolir wrleomin^ the jiiiests saiil in an 
introduetory speeeli that he was y;Iad that so many 
«‘miiu*iit pliysieists workin«j[ in dilVerent. iiarls of 
the world and on dillereiit branches of mielear 
physies had i*(‘spond(‘d to his invitation ami assem- 
bled at (?openhaji:en to dis«*nss their work and ex- 
ehanj^e their ideas. ICnowIedf^e in this direction is 
pro^rre.ssinj; .so rapidly that one does not ofti'ii beln*v<* 
what he did two years ajjo. Within tin* last few years 
two new ‘elementary* fiarlieles, neutron and positron. 


hav«' been di.seovr*red, ami the exist em*e of two, 
iKMitrino and iif'^ativi* proton, has lu'en postnlati'd 
though not yet t'xperimenlaily proved. Ileeonelmied 
by rem:irkiii>r that the eoiifiTeiiee had re|in*s(‘iitat ives 
from almost I'very sehool of workers — ( ‘aiiihridire, 
Roiiu*, Paris, Berlin, and otluM' [liaei's. 

Hr. Jakobs(‘n was the tirst In speak. Ile^avean 
aeeoiint of the work which he had carried out at 
the Iiislitnte of ( 'opiaiha^eii on the seatterinji of 
'/-r:iys from J'h ( • '. It is wi‘ll known from the theory 
of t’oiiiplon ellei't that eiieiuiiiters between electrons 
and ])hotoiis (li^lit i|naiita) can bi* treated matliemati- 
<*ally aeeonlinuf to the laws of eons(‘rv:ition of 
momenta and eiierjiy. Such a treatment leails to a 
(M>rrespoiid(‘m‘(* bt‘tweeii thedireelion of the .seattta'ed 
(piaiita and the direction of the r(>(‘oil elect rons. 
Some years airo Piothe ami ( lei^TiT established the 
<*orreefness of Lompfon’s theory by an experiment 
in which tlu* eoineideiu'c* between tin* s<*att«Te<l 
(piunta and the recoil eh'i'troii was establislu'd. 'I'his 
classical experiment has jreiierally bei*n taken to 
form the most rijiorniis e\pi‘rimeiit:il proof of the 
l;iw of eoMservation of momenta :imi ^•ner^ry wh<*n 
applied to proi-esses in which individual l•lementary 
partii'les are involved. 'Flic experiments had hitlu'i'to 
be(*n done only with \-rays. and it was not ipiite 
sun* whether similar results could be extrapolati'd 
for the :'-ray n-^ion. 

Soiia* months ati;o Sliaiikland perfoj’imMl an ex- 
periment, which was reporteil in tin* ritijsirn/ l\vrien\ 
with ;'-rays from Ba and obtain(‘il ralh(‘r start- 
liiijr results — results which could not lie reeoiu'ih'd 
to tin* (^»mpton theory, lie foiiml that th«‘re was no 
eorr(*spomlem*(* between the din'ctioii of .scattered 
quanta ami the ret’oil <'le<'trons ami that tlu* same 
number of <'oineideiiees were (J)tained in din*etions 
not iiredi<*ted by tlu* the«n*y as wi‘ll as in directions 
liredieted by the lln'ory. Tims the validity of tlu* 
conservation laws ^^as qiu‘stioned. Dirac, in a short 
artieh* in .Vn/nre, expresseil tlu* view that Shankland’s 
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oxpmiilfMit (Irfniitoly prove*! tin* iioii-validity of the 
eoiis(M'v:itioii laws wImmi appli***! to iiHliviiluai caieoiin- 
tei'K bet\V(‘(‘n partieh's aiul |)hotons, and in the death 
of tia* l)asie priiM'iple saw llie possibility of settiiijj 
lip a new sy.steiii of (|iiantiini eie<‘trodyiianii**s whieh 
Wtiiild have l)i*tt«‘r siierr-ss in dealing; with iiiielear 
piuMioniena than tin* older (inantnni (‘l(‘etrodynanii(*s. 

Ill vi**w **f tin* revolutionary nature of Shank- 
hind’s exp(‘rini<'nial results and the support •!:iv<‘n 
to tluMii liy nne of th<‘ most distin;riiished thooretieal 
physi(‘i.sts, it was tlmiijilit necessary to <*arry »mfiirth(‘r 
(‘xperiiiients with v-rays. Many physicists in Kiirop** 
and Ain(‘ri(*a havi* applii'd theinselvrvs to this task, 
ami the results of I tot he in Heidelberg, I)e(‘ in 
(’ainbridjr**, and .lakobseii in ( ’o|U‘nha;;en are iu»w 
known. Ail of tlaan (MUitradiet Shanklaiid’s (‘xpta'i- 
mental tindint;s. It was p<»iiit(‘d out that th** main 
defect ill Shanklamrs ex|)erimeiil was that he used 
a la'am of y-rays that was not honiojreneoiis aial 
eonseiiiKMitly obtaim>d <‘oiii<‘i<lenees eviMi in directions 
not iiredieti'd by th(‘ tln'ory. Also the jicoim^try of 
his expiTimeiital arraii^eimMit was iiisiinicient. The 
new experimi'iits favour tlu* view that the (’onipton 
scattering holds for hijrli-i'iieryiy photons as well. 

Prof. L. M(>itiH‘r ^rave a <letailed a<'eonnt of the 
work whieh she had <*arried out at lierlin on tlu* 
transmutation of nr:ininni by neutrons and the eons**- 
ijiieiit formation of elements of atom!** minibers 
jir(‘aler than I'lie work was first carried out by 
Kermi, who claimed th<‘ formation of ehMiieiits WA and 
hi. This was eontradii'ted by (iross, and a lat«*r 
W'ork a^ain eontirmed Fermi s vi<'w. It. was hi'ld that 
a new rarer j^roiiji be«^iiis to la* formed aft<'r tlu* 
atomic number hi’, and th(‘rofore it was not chemi- 
cally possibh* to separate the various eh‘nients formed 
and iiiNM'stijrate their properties separately. IVof. 
Meitner showed that according: to her I'xperimenls 
tln‘ new eleim*nts formeil <*orrespond to a natr Inuisi- 
liuHdl (jruHi). She was almost definite of the produc- 
tion of Kka Re (h.’J) and possibly also of the elements 
Fka Os (hi), Kka Ir (ho), and Fka Pt (hli) as a result 
of the /^-ray disinti'^ration *>f tlu* iiraiiiiuu nueh*us 
when bombarded by neutrons. 

Next Ainaldi and \Vu‘k ^avo an a<'<'ount of the 
work carried out at Fermi s Institute in Rome on 


the increased el1i(*iency of the production of artili- 
cial radioactivity by slow neutrons. It is well 
known that neutrons on aec'ount of bein^ char^e- 
h'ss particles are able to penetrate* iniieh further 
into the nucleus than protons or u-partieles, w'hieh 
on account of th(*ir ])ositive charj^e siifier a repulsion 
from tlu* nucleus. This fact was first made use of 
by Fermi in producing artificial radioactivity in 
onlimirily stable nuclei. I5y using a stnaig source 
of neutrons, c/'.., a mixture of beryllium and 800 m 
gins of radium, Feriiu and liis collaborators could 
fibtain induced radioactivity in almost all the ele- 
iiu‘iits up to iiraiiiiim. Fermi, however, discovered 
that tlu* (*tlu*ieiu*y of tlu* lu'utroiis to produce* arti- 
ficial raelioactivity was greatly increased if they 
we‘re* iiiaeh* to [la.ss through blocks of paralliii. Tlu* 
neiit rolls by tlu*ir eiicemnters with hydrogen-nuclei 
in their passage through paratlin get very much 
slow<‘d tlowii, as the masses of the colliding particles 
are* almost eiiiial :ind it is tlu‘se slow neutrons 
that are* re*sp(>iisibl(^ for tlu* iiu*re*ased elVu'iciicy. 
Fe»r siu*h slow lu'iitrems the encounter creiss-section 
is <*ne>rmously incre*ase‘d — so much so that in the 
ease* eif gadoliiim it is as high as .30,000 times the* 
nuclear e*ross-se*ction. With such slow lu-utrons 
a Ve*soiiane(*’ e*lleet is also obtaineil, that is to say, 
within e*i*rtaiii ve*le)eity limits about Imiulred tinu*s 
more neiitrems are* ab.sorbe*el than on eitlu*r side of 
the range*. 

Aee*oreling to a vie*w e*xpre*sseel by Preif. Rohr, 
a full ae*eouiit of which appe*are*d in Xttittre, this 
re*soiiaiu*e* plu>iiome*iion eif neutron capture* is of 
great importance* in the* iuve‘.stigatie)n of tim CMHistitii- 
tiein e)f mu'Ie'i, and Hohr in collaboration with Kaickar 
has e)btaiiie>d an e.\'pre*ssion fen* the* capture ere>ss- 
sectieni whie h le)e>ks very much like* the* feirmuhi lor 
umnitulinis (/ispersion in light. Or alte*rnatively, tlii." 
phe-nenneiuni e>f neutron rL*se)nanee* e*.a])ture may be* 
saiel tei ceiriTspemd to Aug(*r |»roe*e*ss in X-rays. 

Next llei(le*r gave an ae'ceiiint of his work em 
the* pre>ductieni of ’Rremstrahhing’ by high-(*iiergy 
ele*ctrenis meiviiig in the* coulomb field e>f nuclei. He 
said th:it the* work was iiiide*rtaken in order to find 
out heiw iiuich eif the energy leiss of cosmic-ray 
partie*le*s was elue te) this mechanism, r/r., radiative* 
e'ollisiems. His theeiry predicts the energy loss tei 
be propeirtional te> the energy content of the original 
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beam and also to the square of the iiiu'lear ehal*{l:(^ 
Former experimoiits did not eonff>rm to thci theory, 
but the new experiments of Anderson aKnu* very 
well, and now one can safely say that the tlu'oi^ 
stands the test of experiments with particles <»f 
enei'^ies up to 10^ or a thousand million (‘lectron 
volts. 

Dr. Oliphaiit from (yumbrid^^e gave an aecMuiiit 
of the work done at the Cavendish Laboratory. He 
said that the work done at the Cavendish Ty<ibora' 
lory and otluT places showed that atoms with all 
mass numbers from 1 to 212 have been found to 
exist, the only exception being mass nunibca* o, 

whicrh has not been so far definitely pi*oved to 

0 

exist, though its oceurreiiee as a Li has been re- 
ported fnaii America. At the Cavendish Labora- 

a 

lory they searched for it as lie from the bom- 

7 ^ 

bardiiieiit of :iLi by deutroiis according to the 
reaction equation 

aLi + il) ^ all(< a ll<i 
but were unsuccessful. 

ill the (Javi'iidish Laboratory homogeneous neutrons 
are obtained from the bombai'dmcnt of dciitrons (heavy 

3 

hydixigeii iJ)J by diaitroiis. The primary beam of 

il), accelerated through any voltage, is made to 

iinpiiige on sheets of Ala(DO)a.* It is estimated 
that about iO** bombarding particles produce one 
neutron ; tlie production of neuti'oiis also depends 
iqion the voltage accortliiig to the law No up 
to an upper limit of 1 ^ 10*^ volts, iiy this method a 
source of neutrons which corresponds to 4.0 gms 
beryllium-radium source is obtained. The reaction 
equation for neutron production may be written as 

^D + iD ^ He +iii. 

Milt this not tlic only raactiou poissible ; wu imve 
protons according to 

* Al, (DU), is the heavy hydrogen eompouiifl corres- 

ponding to the ordinary hydrogen cotiipouad A1,(H()),. 


“j)+;'i) >“ii + Jii. 

The most interesting thing about the deiitron-deiitron 
reaction is that tla^ angular distrihiition of both the 
neutrons and the pn»t<ins is exaetly identieal. Fur- 
ther, this angular distribution is not 
isolroi>ie and may be repr(‘sent(‘d roughly 
as shown on tluf left. Snell a distribution 
indicates c(‘rtain restrictions on the spin 
and angular moiniaits in the reaetiniis given above, 
but their exaet nature is not yet fully kiuuvn. 

One of tlie most iiiqxirtaiit problems in niielear 
physies is the nature (not yet known) of the forecs 
between the (‘h‘mentary i>artieles. A nnmbiM* of 
workers sp«>ke upon this siibjeet. Some years ago 
Heisenberg showed that W(^ could assume the miehais 
to Ixi made up of maitroiis and protons. Ordinarily 
the ])rutons n*pel each other, but witliiii tiie miel(‘us 
repulsion chang(^s into attract ion, or, put mon; pre- 
cisely, a stronger niiehsir attractivi? force overcoiiu's 
the ordinary conloinbian re[Milsivi* ffirce. Acc<»rd- 
ing to present viiuvs, threes kinds of forces are 
involved in the building up of a nnchais, (pp) 
fi»rce betwecai two protons, (nn) forci* between two 
neutrons, and (pn) force between a proton and a 
maitron. Jt has been shown that thesse forces are 
very hrge within mielear dimensions but hill oil* 
very rapidly with increasing distance. On account 
of the eonvcaiicncc in ijiatheniatu'al calenlations these 
forces are siijiiioscd to vary as e with the 
distance r. Tin* (pn) interaction foria* is believed to 
be miK'h larger than the (i»p) or (mi) interactions, 
which ill turn are believial to be almost (apial. 
Attempts are being made to lind out the magnitude 
and law of these forces by determining the scatter- 
ing of one swarm of paiiich's by another. Tidier 
reported experiments on siaideriiig of lu'otons by 
piDtoiis within the range GOO — 000 K. V. The 
results of the experiments certainly show ditvia- 
tious from what would be* expeck'd from purely 
coulombiaii repulsive force, and can most iirobably 
be exiilained by assuming an attractive force ex- 
pressed as a potential hole of 2.S:< 10 ciiis radius 
and 10 Mv depth, (joldhabe.r reported experi- 
ments on (1) scattering of neutrons by protons, 
(2) capture of neutrons by i>rotons leading to the 
formation of the deutruu, and det'ompositiou 
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fo deutmiiK by ciiiaiita. Nt»iie «»f tlifsc? ex|M*riin<?nts 
at the preHent stjijxe appi'ar to Ik* doc'isivf* ; 0(d<Ui:i- 
ber's exporLiiient on the scattoriiiji of slow and fast 
lUMitroiis by protons jj^avo cross-scotions, tin* varia- 
ti(»ns of whi(‘li roiild not Ik* iindiTstocHl on the 
asMiiinption that the forres ln-tween the partielos 
were oF the natiin^ of short raii^<* l'ori‘(*s, on whioh 
sissiiinption it would be ni*eessai y to postulate that 
the deiitron may have ex<*itc*d nmdear states. 

Max l>orii tjave an aeeoinit <»!' his new work on 
the niodilieation of Maxw«*ll*s ecinations. ^I'heso 
works have been piiblishi'd in s(*veral nnnib(*rs of the 
Proceed i mjs of tin* Indian A<*adeiiiy of Seienees of 
Ikuigalore and of the Royal Soeiety. lie remarked 
that it was y:en(*rally aiijrecal that Maxwell’s equations 
in th(*ir pn*s<*nt form eonld not explain atomie 
{ihenomeiia, tin* most «^l;irinj; ejise beiiiyf that t»f 
the mass of tlm elee,ln»n which beeoincjs infinite if 
the electron is considered a point-eharjrc*. In his 
new <*leetrodynamies this diflieulty does not arise. 
II is cipiations art^ also in qualitative a^^reenient 
with the ehanjred form of Maxwell’s equations 
d(‘diieed by Ilc'isenlK*!*^^, Kuler, and Koekel in their 
work on the seatterinj^ of ))hotons by photons. 

The same fn’oblem of ele(‘tro(iynamic*s has been 
approached by Weisskopf fn»m a <linerent stand- 
]»oint. 'Fhe vaeniim, a<*<*ordiii^ to I)ira<’’s theory of 
iK'j^ative (Mierjjjy slates, is no lonjr<-r a void, 
but (contains electrons filliii}*: all tin* nejialive enerj^y 
sh(t(‘s ; it oii^ht to have a pol.-iri/abilily, wliieh will 
be afleeled by an <*leetr(»iiia”;m*tie (i<*ld. Weisskopf 
ealenlates the polari/.ability of the va<'iiiim in the 
presence of an clecjtromaj^netie. field by making use 
of the Velativistieally invariane(!’ prop(*rly of the 
Laf^ran^iaii function of the system. IVoceedinj; on 
these lines, he obtains an exiiression for the scattor- 
inj; of light by light which is exactly similar to that 
obtaiii(*d by lleiseid)ei*g and luihu’ who had to make 
very lengthy and tedious eah'ulations and nmdc use 
t>f iH)t very convincing assiimptions to get rid of 
the inliniLies that of n(‘<*essity eiitc*r into the cal- 
eulatioiis. 

The greatest amount «>f interest was exeito^l by 
lieiscmberg’s description of his new theory of ‘show- 
er’ production, and the way he has tried to (*oiiiiect 


tliis mysterious phcnomonuii with the Fermi theory 
of ^-ray disiiit<*gration. It was in 1932 that Prof. 
ISohr in a lecturer to the Faraday Society pointed 
out for the first time that the idieiiomenon of f^-ray 
disintegration formed a challenge to all existing 
systems of dynamies, for the simple reason that the 
/^-rays emitt(*d by the iiuelous do not possess derinitt* 
energit*s lik(* a-rays, but form a continuous energy 
speetriim with a sharp upper energy limit, the end 
products being always the same and the life period 
of the disintegrating atoms (piite definite. This 
phenomemin, as aln*ady ]K>inted out, stands in sharp 
contrast to that of n-rays, where the life of the disin- 
tegrating atom depends upon the eiiei-gy of the 
emitted a-partiele in a way which is described by 
tin* Oeiger-Xuttal relationship. The meehani(‘al 
problem of tin* /f-ray disintegration is lh(*reforc quite; 
difrer<*nt, and any the(»ry must explain the behaviour 
of /^-particles within the niielei and the contimnuis 
<*nei*gy spet'trnm of Reta-rays. 

Now an eh‘etron (Beta-particle) in the free stat(* 
has a spin e(|ual 1/2 and a magin'tie moment ecpiai 
lo that of a Bohr magneton, but tin* magnet i(‘ 
nnuneiit of the nueleus is found to be a thousand 
times smaller than that (»f a Bohr magneton, thus wv 
svi) that we cannot assume that a /^t-])article as such 
exists in tin* mn*lf*us. Fiirt.ln*r, if we assiinn* tin* 
presence of a /^-partiede as such in the mn‘l(*us, then 
its kinetic energy comes out to bo mueh larger than 
the binding energy of the nueh*us so that it eouhl 
not remain insidr* a nueleus. Besides tln*se, eonsi- 
d(*rations of s])in of the various mielei and the sta- 
tistics (Kei-mi-Dii*ac, or Bose-Kinstein) obj*ye.d by 
them le:n1s to the same eoneliision that we cannot 
postulate* the existence of electrons within the 
nueleus. 

The situation lK*eanie somewhat clear with tin* 
discovery of ‘neiiti'oii* by Chadwick in 1932, for now 
the neutron and the* proton could be taken as tin* 
building stones of the nuclei. Heisenberg later on 
showed that W(! eonld suppose a nucleus to consist 
of / ])rotons and (.\-Z) neutrons. /?-ray emission 
could now b(! explained by postulating Unit a neutnai 
within the nueleiia geds converted into a proton by 
giving out a /^-particle*, this process b(;ing analogous 
to the emission of light (luaiita by an excited ll-atoin. 
But if the process was to be mechanically definit<'t 
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the electrons must hiivo ii definite cnert;y, whii‘h, 
SIS renisirked sibove, is not found to be the esise. Si» 
hero then the physicists w(jre fsiccd with a dilemma ; 
they liad to make a choice between tlie law of (‘on- 
s(*rv<'ition of emM'^^y on the one hand and the delitiitc^ 
(pisiiitiun states of the nucleus on the other ; it was 
a choice which would have, cntlier way, mc»aiit tlu* 
undoing of all thsit had been achieved so fsir. Ilc‘rc 
Pauli came to the rescue by postiihitiii}; that aloii^: 
with the eleetnm ssuother chiirKcless parti(‘le, which 
was baptised ‘ueiitriuo,' is also cmitt(*d. This parti- 
cle has a very small mass and shares with the 
/^)article the eiKjrjjy differ(*nce betw«v*ii the disiiitc- 
fvratin<r atom A and the final atom Ik Tin? Sieiitrino^ 
liypotiiesis enables us to get ov(!r the spin difficulty 
if we ascribe to it the spin ecpial to 1/2. The neutron, 
proton, and the eh'ctron have been shown t(» possess 
a spin etpial to 1/2 each. Now when a neutron chan- 
ges into a iiroton with the emission of /f-particle, 
we have to (explain the conservation of spin. 
With tlu^ poslulat<» of the neutruo /l-'disin- 
tegratinn proc<*ss may b<! described as follows : 

1 1 ^ 
o » ="■ 1 P + '-i‘‘ + 

spin 1/2 -■ 1/2 + 1/2 + 1/2 

charge 0 - 1 +(-l) + 0 , v neiitriim 

It may be m(Mitione<l here that no expc*rimcntal 
trace of this ‘neutrino’ has yet been found. Neither 
is tiiero any likelihood of its being experimentally 
dtitected, because th<! neutrino has lU) <*harge aiul 
])ractically no mass, in spite of this fact, there 
appf‘ared to be a general agreement among the? physi- 
cists assembled at (.Copenhagen that the neutrino 
hypothesis of /^-dccay describes the phenomenon 
correctly. 

This hyi)othesis was given a mathematical preci- 
sion by Kernii, who postulat(‘d that the inferaefio/t 
enenjy involved during the conversion of a neutron 
into proton with the emission of a /1-particle aiu! a 
neutrino may be put o(|ual t(» a new universal con.s- 
taiit g multipli(?d by a function of the V'-fiinctions of 
the particles taking part ill the reaction. In cpiite a 
phenomenological way analogous to Dirac’s radiation 
theory of the interaction of atoms and the radiation 
field, he was able to give a general cxiilaiiation of the 


/^-ilecay, but (piite recently important modifications 
in the theory have been infrodiiced by ridcnbeck 
and Konopuiski. 

A further tinge of reality fo the neutrino has been 
given by rlordan, Avho gave an account of the theory 
in which a photon is consuh*rcd as consisting of a 
pair of a ‘neutrino* and an “anti-neutrino,” (The 
terms ‘neiitrimi’ ami ‘auti-neiitrino* correspond to 
Dirac’s ehrtrons and holes or positrons). Jordan 
sht»w<‘d that one can give? a consistent theory where 
all the rea(‘tions of light Avith atoms can be formally 
d(*dueed by a pure theory of “neutrin<»-pairs.” 

'Phese works, theref(»re, amounts to an accept nice 
of the situati»>n :in(l simply postulates the mechanical 
act of prodiK'tion of an eh‘(‘tron by the nucleus. In 
the case of ‘showei*’ i»roduetiou, it is found that a 
cosmic-ray particle Avhich m.iy lx; an electron or a 
posit ron on meeting a nucleus, suddenly gives rise to 
a large luimbca* of jiairs of positrons and electrons 
(//♦* //”) Avhose tr»tal emu’gy may sometimes be as 
large as 10' ’ or million million electron-volts. As 
this energy is much larger than the mass of the 
heaviest nucleus known, it becomes evident that the 
(‘iiergy of the showm* must hav(! (?om(* from the ori- 
ginal particle. The i>oinl is, therefore, how the energy 
of the original particle is converted by tin? action of 
the nucleus into pairs forming the showers ? 

Dirac’s theory of the electron gives a possibility 
of pair-production, /.«., the conversion of energy 
(luaiita into and /t in the presence i»f a nuclear 
field, but accoitling to this theory tin.* probability for 
the //*** order process, /.c., the production of ti pairs 


involves the? factor 



which 


evidently go(*s 


on decreasing Avith inen^asing //. Note that is the 

rh 

Soinmcrfcld timr-structiin* constant, in other Avords, 
it means that the probability <»f occurrence of 
higher order proc(‘ssc*s is extremely small ; so that 
this theory completc'ly fails to give an ac(‘onnt of the 
phenomenon of [iroduction of big sIioaahts, iiiA’olving 
billions fd’ clectron-A'olts. 


But on the other hand, if Ave wrif<? the? energy func- 
tifui, making use «)f Fermi interaction field, then the 
expression involves a factor /' Avhich is e(|iial to gi'hc. 
If iioAV a usual ])erturbation th(‘(u*y be applied, /. &., 
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the expresHloii be developed in aseeiidiiiK jiowcrs of 
tlic inteniction term, jxiwers o( the factor f will bi? 
involved. This faetr)r is of dimension em“ and so 
must be divided by So that now in tiie expression 
for energy various higher order ((rnns wliieli give 
the probability for the eorrespondiiig order pr(»eesses 
involve powers of factor Now as we g<i to 

Iiigh-onei’gy ])artieles, A decreases till we come to a 
value when //A“ is of the ord(‘r unity. Wlien this is 
the case, the* probability for tin? higher order iu<»eesses 
is just the saiiuf as for loworder proc*(?sses, r/i„ 
^ unity, and hence the phenomenon of showei*s becomes 
possible. 


The phenomenon of tin* ]irodu<‘lioii c»f electrons 
and positrons on this th(.*ory may be pictured as 
follows : ^ ^ross-seetioii 

for each" process 

proton - - > neutron (n ) -\- positron ' ) 


+ neutrino {y} 


■proton 1 ‘Jp 


— >l»rot<»n + 2ii*' 



In the ease when (/ A-) is of tin* onler unity, we 
see that the cross s(‘e(ion l«»r all tin? processes is the 
same, and lienee we <'au get tin* ‘^how<*rs’. 


Tlie acndemic discussions of the conference came 
to an end with the discourse of Prof. Bohr on *thc 
theory of measurements of the field strengths and 
ehai*ge density.' Now, according to (inantnin electro- 
dynamics as put forward by Pauli and l icisenb(?rg, the 
elec'trie and the magnetic fields form two conjugate 
variables which means that we cannot measure siinnl- 
tatieoiisly b«>th the electric and magnetic fields exactly 
ill the same way, as we cannot measure both the 
position and iiiomenta coordinates of a parth'le. 
Pauli and Heisenberg (inaiitiim cloetrodynamies 
reipiires (‘crtaiii exactness with respect to time in 
tlie measurements of fields and charge. In a previous 
pap(*r Ihdir with the (*ollaboratioii of Roseiifeld had 
shown that such an exactness as demanded by the 
theory was cpiite eonsisteiit with ex|)orimeiital 
ineasnremeiits oidy if we took test bodies large 
enough and eonsid(*red a contiiuioiis distribution of 
eliai-gi*. But then Lauda n and Peierls tried to show 
tliat on relativistic gmunds such meiisiiroments could 
not be i>ossible. Bohr and Tloseiif(*ld sliowed that 
we eoiilfl measure either the electric or the magnetic 
field strength quite (lf‘fiiiitely according to tin* 
requirements of the Panli-IIcis(*nbcrg theory. It was 
fnithcr shown that the argument in favour of the 
possibility of m(*asnn*im*nts of the rM»lds or the 
ehargc-d(*nsity remains nnanected even when the 
creation of pairs is taken info aeeoniit.* 

* Tlie line of argiiiiKMit has been |>urposc*ly avoidcil as it 
is too complicated to be put down here. 
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ninny yonrs ngn stiidcnts of sri<*n<*o d<»s- 

pisod ns having fnrsnkon fidt.iiro for utility, (^lassies 
was rcgaixlod ns tlic only possible? course? «»f study for 
genitlonicn niid, indrod, no ninii was siipiioscel to be odii- 
cate'd iiidcss ho had spout iiiniiy lioiirs innstoring ono 
or more eload language's. Slowly but. surely that atti- 
tiiele is e'lianging. Tlu'ro are still many e'e>nse*rvative 
minds to whom the abse.>nee.? eif elassie'al language's from 
the' e'urrie'idum e*e)ne1t'mns it*be'yonel iveh'inptiim. To 
sueli pt'eiple? e'du<*atioti me'aiis having aecpiirc'el by 
harei ineMimrixing an ede'iiu'utary kneiwle'ilge* eif the 
grammar, literature' aiiel strue'tiiro eif a elt*ad 
languages That the aetual kimwleeige aeeiuire'el was 
insidlie'ie'iit in the majeirity eif e'ase's tei enable the? 
stiidf'iit tei re'ad with predit eu* pleasure beieiks writte'ii 
in the' temgiie siippeise'el tei have be'c'ii h'arne'el did neil 
see'iii tei matte'i'. In time's past if a man e'eiulel epieite* 
fmm the' e'lassie's he was siippeise'el tei be' eultiire'el. 
That he was iireifoiiiielly igiieirant of the' me*aniiig of 
the* simple' pheneime'iia afleeliiig his iieirmal life was 
immate'rial. lie? hael sat at the fe'e't eif the? aiu'ie'iits 
anel W’asi tliere'fore, titte'd tei walk premelly if igneirantly 
abeiut the meidern weirlel. The? supporte'rs of elassi- 
e*al stuelie?s elaime'el feir it not eiiily eiiltiire but a nie'ii- 
tal training iiieire? valuable than that tei be' eibtaiiie'el 
freim the stiiely eif eitlie'r siibjee'ts. The argume'iit 
is nei lemge'r eif re'ally mue'h imiiortaiie'e?. Mental 
training in eiiie siibje'e*t is neiw kiie^wn neit to be? as 
e'asily transferable as was hitherto theiught peissible\ 
anil eultiire whe'ii ae'eurately elidineel aiiel understeie>el 
is not neiw limited to partie'idar subjeH?ts. Tlu're is 
a greiwing ivalizatioii that a man must know the 
lirese'iit worlel as we*ll as the past anel, inele.*e'el, that a 
kneiwledge eif the? feirmer is e*ven nieire? impeirtant 
than acepiaintnnec with the latter. 

Nevertheless the?re? still persists the .dief that 
it is on the matc'Hal and praetieal aspi'i't-s if se'ie>ii<*e 
subjects that their chief cdiie*atioiial value lies. 
The eibjcct of this sheirt paper is to stre?ss their 


e'ultiiral aiiel me>ntal training aspe't'ts. Kle'iiU'iitary 
se'ie'iiee slieiiild (iiid a ])1aee in tiu' eelneatiein eif 
of (?v(*ry yenith — boy eir girl. Life' e'onsists of an 
inte'rpretiitiein of e'xperieiie'e. Ineiividiial ('.\pcM*iene(?s 
eliffer blit all cxperieiie'c neirmally iru'liieles the use 
of the se'iisi's — obse'rvations about the e'xti'rnal world 
and an iiiti'rpre'tation of e'vents external to oimself. 

.Vn ele*me*ntary knowh'ilge' of seie'iitilie* laws makes 
feu* an iimlerstanding and an appre'c'iatioii eif the? 
weirlel around ns. Why inti'lIiH'tiial eiirieisity shenilel 
be* alhiwc'el and eneemrage'd to wander amidst worlds 
hiiig siiu'e vanislu'd but sheaild bi' liille'el into iineon- 
sieiiis eibliviein when fae-od with the weirld eif to>day 
has always se'e'ine'el tei me a myste'ry. Se'ieiu'e pni- 
pc'rly taught and prope'Hy understood e»an give* a 
groateu* stiniuliis to the' inte'llcH't — a gre'aten* anel more 
fniitfiil inte're'st in Hie ami a imire ade'cinate' me'iital 
tntiiiiiig than that of any eithe'i* siibje'<*t. On the 
eitlie'r haneh it I'aii be? just as ste'i'ile as the dlllll^st 
siibje'e't e've'r introdiie'e'd into the? selieieil enrrioiiliim. 

It is now geni'i'ally re'ee)gni/.e'el that feir the neirnial 
stnelent the real value of any teaehing lie's in the 
nu'iital t mining that it give's. Snbje'et matter is less 
important than ine'theieh anel the ae‘(|uisition of kneiw- 
h'elge without nnde'i'staneliiig has little to eominenel 
it. Ill eM'rtaiii vocational .snbje'i*ts facts are? ohvieiu.sly 
impeirtant but in the* ge'iieral odiie'atieui given to the 
iiein-spe'<*iali/.e'd pupil what is most impoilant is that 
be? shoulel bo taught to ge>m'rali/.e' and ibiiik higii'ally. 
Oenerid seientilie methoel and elementary seiontitie; 
kneiwle'dge sheiiilel be taught tei all. 

Ill the* e*lass reioin, therefore, the se'ieneo toaelieT 
must first make up his iiiiiiel as tei what is his eibjc'ct 
ill te'a<*liing. It will he'lp liiiii tei elo this if he will 
pause for a meunent and ask himself the epiestieiii: 
“Of the class eif 30 in front ed* me how many wdll 
eve*r iioeel the knowh'elge that I am siiiiposeel to give 
them — how many will make any praetieid use of it ?” 
The answer will preiV>a\)ly be one, or at the most two. 
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Mnmivrr, tlirsc two, :ts tlioy will prol);ibly luiv** to 
pass oxaiiiinatioiis in tlirsc siihjorts, almost 

fortaioly actinin* tiu* nocossary Tafts from t<*xt-hoi>ks 
if tlicy Wfi'f never tan<rlit in the elass. I siiycjj<‘st 
tliat the tc*a<‘hers’ real nl)j«M‘tive slmiihl be tliat ol 
inakiii}; eaeli boy in tin* elass nmlerstaml the inean- 
inj[r of th(‘ sini|)le laws that optTati* eontimioiisly in 
tlie world immediately anaind him. These laws 
slionld b(‘ the nm's relating to human enndnet as 
well as those operative* in the mat(*rial worhi. The 
ineideiiee* of those laws in his every-day life shonhl 
be; imlieated by tin* teaelu*!'. The pupil should be* 
made to feel that he* is bein^ helped t<» understand 
the w<»rM with whieh he is snrronmh'd and while* 
not e*ve‘ry pupil will be* inte‘re ste*el in eve*ry :)sp(*e*t e»f 
the snbje'cts tan^lit. e've*ry ne)rinal boy e»r jrirl ean be* 
made to re*spe>nd te» seiim* stimnlns. elementary 
beitany, pliysioh^jry, bi<»le»^y, physies, e*he*mistry, 
Astremomy are* imt abstrae*t e'eme'eptions re*mote* 
from e*ve*ry-day e\perie*n<*<*, the*y have obviiais anel 
stron^r eemtaets with eair en-dinary e*nvireminent. Ihit 
what ariel, meanin^le*s.s labe)nr their stnely se) ofte'ii is. 

I have* feaind hemonrs se*ie‘ne*(* stnelents able te» re*pree- 
dnee* diilie'iilt matheinatieal pn»ofs but unable to 
answer an e*l(*me>ntary ejnestion demanding a e*oninieai- 
sense applie'ation eif a simple* law. '^flie* oinissiem of 
se.*ie*n;*e* from the* orelinary se-hoed eniTie'iihim anel its 
beiiij,^ starteel as an e>xaminati(»n snbje*e*t at the* 
interinediate stajre* has elone* nnte)ld harm te» its 
teaching. Stnele*nts nneh*r sneh eire‘nmstane*e*s iie*ve*r 
re*Karl the*ir stndie*s as an int(*rpre*tation e»f life*- 
e*xpe*rie*iie*e*. We ne-ed the intre)elne*ti«)n e»f se*ie*iie*e*s 


as sehe>ol snbje*e‘ts fe»r the infeirmatiein that they ean 
j:ive\ fe»r the* me*ntal traiiiin{i: that they e*an e*nsiirc*, 
for t*u* iinelerstandin^ of e>nr natural (*iivironmeiit 
that they e*aii impart. \ snbj(*(‘t sliendd never m(*rely 
<'e)nne.»te* kne)wl(*d^e te> be aeepiired for the passiii^ eif 
a test. ( 'id‘ortnnate*ly seie*n(*e te*aehin^ in seheieds is 
ne)t e*he*ap. Its satisfaetewy te*ae*hinj^ de*mands 
appliane*e*s and apparatus. .Vn ingenious te*a<*her ean 
make some apparatus -the* re*st must be ])re)vide*ei. 
Ov<*r and abe^ve this, tlu*ro is de*niande*d fre»m the* 
teaeh(*r an at)pn*(*iatie>n of the value e»f his snbjeet 
and e)" the* part that its te'aehing shonhl play in the* 
inte*lie*e‘tnal life e>f his pupils. 8e*ien<*e te*aehing is in 
its infamw in this e*e»nntry. Now is the* time* to 
e»nsnre* that its growth is he>althy anel that it ele*ve*le)ps 
as a liv’ng snbje*e*t. 

The* aspe>e‘t that I have e*niphasi/.(*el is that e»f the* 
e-e>rre*latie»n eif the* km»wle*elge* with the* ae*tnal live*s 
ed the pupils. 'I'he ne*xt and last pednt is that seie*nee* 
shonhl be* taught as a se*ie*ne*e* and imt as a me'inory 
te*.st. Se) ee>ne‘i*ive‘il. it be*eeane*s ne>t nie*re*ly the* 
leaindatieiiifeir me)re*aelvane*e*el stiielie>s in the* main te*e*h- 
iiieal appli(‘atiems whieh are* be*(*e>ming e*(*eaieanie‘ally 
ine*re*asiiigly important, but the* nieist valuable* eif all 
snbje*e*ts lor de*ve*le)ping h»gie*al thinking and pe»we*rs 
ed* ge‘nerali/.atieni. It is nmre* impeirtant tee te*aeh 
iinde*rstanding than tei te*aeh <*euTe*(*t fae*ts. A beiy 
wliei understands why a thing happens will anteanati- 
e*ally reme*mbe*r what happens. Knowing that all 
sid>stanee*s expaeid whe*ii heate*d is ed’ little value to 
ine>st pe'eiple kneiwing why the*y expand is eif gre*at 
value. Sfienee te*aehing should always be an e*xer- 
<*ise in re-asemi'ig anel higie*al thinking, ne*ve*r a dre*ary 
re*pi*titiein eif me*aningh*ss fae*ts. 
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Georg Wiegner (1 883 '! 936 ) 

J. N. Mukhcrjec 

KliHiru rrufusHir of ChomiHlry, Calrutta ITnivur.sily. 

An'Kis :i l)n(‘r luM'iod of siillrn'ii*; a ninjnr 

stoiiiacli i>iK‘ratif ai, Prufrssur Dr. (loorj; Wii-jfiu-r 
dioil nil April II, Iln was a pimim* soil 

scientist, wlinso invcsti^atinl\s particularly on tlic 
Iiasc cxi'hanjjc and other colloidal properties of soil 
are landmarks in the projrrcss of soil s<‘i<‘nce. 

\Vi<‘^iier was liorn on April ‘JO, ISSI}, in f^eipzi^ 
(lermany, tin* son of llia'iiiaiin Hrnns \Vie«rii(r, 
ke(‘per «if a restaurant in Leip/jjr. Iteinjr the third 
of twi'lve children, yoiinj; NVi(‘}jner had to hear iimre 
than his share of the family hnrdeii. lie tinished 
his early education in a Mtc^aT school in Lcip/a*r mid 
in IhtVJ he ^ot himself admitteil into the Ijcip/.i^ 
I 'niversity as a stinhait of natural s<'iem*cs. amoii^ 
his t(‘achers in the I ’niv<'rsity were pcM’sons of the 
eminence of llaiit/sch, ltc<*kmann, WisliciMins, Wi- 
ener. In llMIl Wiegner pass<>d the i'heinical so<*iely 
exaiiiiiiation of the I’niversity with distim^tioii and 
thiriny; Ih0r>-190ti worked on physico-i‘hemical ]n«»- 
hleins as an honorary assistant to I’rof. Ilant/sch. 
In liMXi h(‘ was promoted to the d(>jj:ree of doctorate 
hy IVofs. Ilantzsch and Ley for his work on “the 
metastahh* conditions in tin* reactions Ix-tweeii solid 
ami y;aseons siihstanc<*s.” \\'i<*y;ner i-onhl not stick 
to his honorary post in the rniversity as he had 
to r*arn a living: for himself and th<* family and in 
tin* Slimmer of HlOti he joined an enamel paint indus- 
try in Zwickau as a workiny; cln'inist. Ih» was, 
however, always on the lookout for an opportunity 
to come hack to pun* si-iem'i* and in l!K)S, in spile 
of sev(*ral teniptiny: oilers from the (ierinan Solvay 
Works, he took up an appointment as chemical 
assistant to tin* ceh*hratcd agricultural chemist, IVof. 
Kleichmann, at the Ay;ricultnral Institute of (jcory: 
August Liiiversily, (idttiny:eu. Here NN'iefrncr work- 
ed on several im])ortant problems in a<rricnltural 
‘■hemistry as also on problems dealiny: with the phy- 
sics and chemistry of milk. .At (Jottingen Wiegner 
came in contact with the cclchrated colloid chemist, 


Zsi«rniondy, and this ac(|naintance fornu'd a turning; 
piiiiit in his rareer. Wiey;m*r was won over to (‘olloid 
chemiMry. Zsi'rniondyV uItramicroM*ope captivated 
his imay:ination and he appli(‘d nltranii(‘ros<‘opic 
iiu'thods with (‘on^picuous success in estahlishin^ 
a correlation hetwi'cn the physit'al and (*hcnii(*al 
(Miiiditioiis of milk ami its stati* of dispersion. TIk* 
principal subject of Wic‘^ncr's inti‘ri‘st in (iottiny:cn, 
however, was s»»il sciem*e. 

In IhLl \\'iey;m‘r took his appointimait as pro- 
fessor (ordiiiaiy) of ehemisl rv vi^pecial subji-ct, a^ri- 
cultural t'hemistry) at the |*'ed(>i'al 'rechnit'al lliy:h 
School, Ziirit'h. whi<‘h post he h(‘hl till tin* time of 
his death. W'ieyner settled down pi>rnianently in 
Switzerland and here, at Ziirieh, he carried out nmsi 
of his important inv(*sti^alions on soil sciem‘e wliiidi 
(‘arm'd for him an international reputation. At Ziirieh, 
besides s«til srienee ]irop(‘r. Wiegner inti'rested him- 
self on probh'ins n'latiny: t(> manures, fodders, ehe- 
mistry of milk, and other food malt'rials, and agri- 
cultural techiioloyfv, and h'c'liirt'd ext<‘nsiv(*ly on 
these subjects. \\’iey:nei' had a partieular fascination 
for the subject i>f human and catth* nutrition and 
wh(*ii in l'.r_*r» the Swiss Departim'iit (»f Ayjriciilture 
founded tin* Animal Nutrition Institute at Zurich, 
Wi(*y:ner, with his accustomed zeal, at onee set out 
to work on nutrition problems. I 'nder Wi<*y;ner*s 
y:nidam‘(' important inv(‘stiy;ations on tin* various 
aspei’ts of the siibji'ct of nutrition have been carried 
out in tin* instituti*. 

Wieyjm'r was pr(*-(*minently a soil scientist, lie 
rc(*oy:nized soils as disperse systems and beli(*v<*d 
that the laws of colloid:iI sci(*nce should be appli- 
cable in tin* case id’ soils. Ib», however, r(*alized the 
ditlicultics in the way of aptilyin^ im'thods used in 
the study of ])ure colloids to a scientilic study of 
tin* soil b(‘c.aus(‘ of its (‘oniph‘x character. For this 
reason Wiejrner was always of opinion that inves- 
tiy^ations with judiciously chosen simjile colloidal 
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HystwniH should sorvo as a K'lido to a study of tlio 
soil from tho colloid chemical point of view. I'oday 
it Is no ox:i{r^(>nitioii to say that the formation 
of the iiHKlcrii colloid chemistry of soil was laid 
by Wiegner at Zurich. As the* results of twenty 
three years* paticMit work with clays, pcrmiititcs, 
metal sols, humus and other <M»lloidal systems 
AV’^iegner was able to make fundamental con- 
tributions to our knowledge of coagulation, base 
e.\chaiigc, ageing, sedimentation, and other chanie- 
teristic properties of colloids in general and soil 
colloids in particular. 

Wiegner was the recipient of many honours and 
pri/.<‘s. lie was the corresponding, honorary, or 
f(»r(‘ign member of a numlH>r of learned societies 
including the Zf‘choslovakian Acailemy of Sciences, 
the Pliingarian Academy of Sciem*e, the Koyal 
Academy i»f Agri<Milture of Sweden, the Agricultural 
Chemical Society <»f Kinniaiid, the Swiss Ciiion (d 
Analytical (.Miemists, and the rnternational ('Congress 


of Soil Science, lie wjis the president of the Soil 
Chemistry section of the Third Tiiternationnl (Congress 
of Soil Science. The Laura-H. Leonard prize of the 
Kolloid Gesellschaft was awarded to him for his 
work in the domain of the ai)plication.s of theore- 
tical colloid science. The Veterinary Medical Facul- 
ty of the I ’iiiversity of Zurich conferred on him the 
honorary doctorate degree in recognition of his 
pioiKHT work on cattle nutrition. He was one of the 
two honoriiry members of the lnt(*rnational Society 
of Soil Science elected at the Thinl International 
Congress at Oxford in 

Wiegner had a retiring and amiable disposition. 
Ills retiring nature and devotion to soil science 
prompted him to d(H*line several tcmi)ting offers 
from a number of scientific and industrial insti- 
tutions. Ills students and collaborators now hold 
responsible posts in agricultural institutes in diller- 
ent parts of the world. Today, friends, adminu’s, 
colleagues and students all over the world mourn 
the loss of a man who though great in (iiialiti(‘s of 
the head was also great as a man. 
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Animal Nutrition Institute 

(f(>V(*riiiru'iiL iif India have appmvod of tin* 
sclirini' for llir cstaMisIniiriit of an Iiislitiiti* for Ani- 
mal Nutrition at t/alna^ar. The (iovrrnmcnt ttf 
India Iiavo saiudioiu'd for tin- Instiiiitr non-rcc-iirrin|? 
( Apcndilun' of iioarly Its. 5,00,000 for llu* (‘onslriKdion 
of buildings and road and for (‘crlain otlu‘r rapilal 
i-xpi'iidiliirc, aiul an avora^rr annual n'ourrin^ (‘xpt'tidi 
I HIT of ni-arly Its. 100,000 from ;i<S onwards 

for llir cnloriainnioid of slalf, rlo. 

Till- liislilulo will bi' iindrr tlio administralivi* 
I’ouirol of llu* Diivi'lor of tiu* Imperial Institute of 
N'rirrinarv Hi-sran li, MuUlrsar, and it lia.s bia-n dt*c*id- 
rd tlial Nu* iMiy.siolo,i*-iral C'liniiisi's Sortioii slioiild br 
I iMiisfrrn*d, as soon as possiblo from Han^aloro lo 
l/.aliia^ar, to form tin* iiiu-lrs of llu* Animal Nutrilioii 
Insliliilo. 

TIu’ main futiclioiis of llu* In^ljluli* will bo tlio 
sillily of nutrition in rola'liou to tlio maintonatu**' of 
lira It li. normal ^irowtli arul product ivo <*apaoity of 
animals in India, and iiioludod in its main linos of 
work will bo tlio analysis of important fooilstntTs of 
India, di^osl ibility and nl ili/.atioii I’xpcritiionls on 
foiidstutf of all India importanoo. invosti^atioii into 
I ho ])hysiolo»-i<'al siuinitioaiioo of tho intor-rolation of 
foodslntrs, oollaboralioii with agrionllnro on factors 
anoolin;^; tlio oompositioii of fiMKlstnll's, oorrolation of 
I ho nutrition work doiio at tlio C’oiitral Institiilo and 
at provinoial oontros, iiivosti^atioii into diet in rola 
lion to }»;rowlb, milk product ion, work, wool ^inuliio- 
tioii, ])rodnotion of liiilos and skins, and brooding 
problems, investigation into miiioral and vitaniiiial 
|'l■rjniromonls, (*ollaboration with Mnklosar ro^ardiiiif 
llio inlliioiioo of nutrition on susooplibililios to disease, 
iinosliii-a lions into basal iiU'tabolisin ami analysis of 
Ihf pastures of typical ^ra/.iii^ areas. 

'riio Nutrilioii Iiistiliilo will tioal primarily with 
I ho olfoi-l of nutrition on animals, while tlio Mnklosar 
lustiluto will deal willi disease eoiiditioiis arisiiiir frmr. 
I anil V nutrition w believer tliev arise. 

1-13 


'Pile Institiiti* will be organized into four sections, 
namely, IMiysiolo^eial, Ib'o-Clu'inieal, Aiialy tioal, and 
Palliolo^ieal. 

C’laims of eompetiii^ pbu'os for tin* location of the 
riislitiiti* wore eoiisiderod in detail, and all tilings 
taken into eoiisideratioii, the elioiee ultimately fell 
on l/.atiiagar. Considerations that weiglieil in favour 
of l/.atuagar are that it is a eeiil rally situated plaee 
with good railway eoiiiiiiuiiieations with all parts of 
India, and that Im-aled here, the Institute itself will 
be villiin easy access of the Imperial Institute of 
Veli-riiiary Researeli, Mnklosar, where eognate re- 
seareli is being earrit‘d on, and wbieli possesses the 
imist <‘ompIt‘l(‘ Animal Husbandry library existing 
in India. 

Radio Advisory Council 

'rile (fovernnieiil of India have dec'ided lo rstab- 
lisb an Ailvisory ('ouneil lo assist the C’onl roller of 
Hroadeasiing in the working of the Delhi Hroadeast' 
iiig Slalion. 'I’he ('ouneil will meet at suitable inler- 
vals, lo be delermined by llie I'oiil roller, and will 
advise liiiii on suc h inaUers as be may refer to it. 
'Pile* (’ouneil will si*leet sub coiiiinitlees to each of 
w’liieb the Coiilroller will have authority to co-opt not 
more than two members if and when necessary, to 
deal with parlieidar subjeels, siieli as miisie, drama, 
language and the like*. 

'I’lu* ('ouneil will at presi nl i*(insist of llu* follow- 
ing : - 

I^rrsidrul - ('oiilroller of Itroadeasling; Srere- 
tari/ l)irec*lor, Delhi Hroadi*asling Station (ex- 
olKc-io) : Mruihrrs Professor |{. N. Ciangiili, (Delhi 
I nivorsily ) ; Dr. S. K. Sen, (Mrdirnl Praetitioner, 
Delhi); Pandit ilaksar, (elolli im‘ri*haiit), Delhi; 
Mr. Shiv Itaj lialiadur, (merc*hant, Delhi), 
Mr. (iliiilani Mobaiiimi.*d (Posts and 'relegrajilis 
Department); Mrs. Asaf Ali; Mirza Moliammt'd Said 
(Delhi), lilt* Hon. Raja Charanjit Singh (Member, 
('ouneil of Stale), Sir .Moliamnied Vainin Khan, 
M.L.A. (.Mi*erul), I he Kdiiealioiial Commissioner 
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with llu- Ciovt riiinfiit of Inili.'i (t-x-oilirio), I.ala Sliri 
liaiii (liankcr and inrrcliaiif. New Didlii^, .Mr. Ham 
Kisiioiv (’liano'llor, Delhi I'liiversily; ami Dr. 

/akir Hussain. 

Abolition of Post-Graduate classes of the Agra 
University 

Apropos to llie sii^'f*;estioii of llii* (iovernnieiit of 
tile L'liiled l*rovin<-es lo the authorities of llie Aj^ra 
L'liiversity that the post 7 »Taduale classes, with the. 
exet ptioii of one or two siilijeets, he, abolished in the 
eolle^es alliliated to tlie I’niversity, the Executive 
(‘oiineil of the I’niversily is said to have recorded at 
its niceliiiir hehl on August 7 last, its slroiijr dis- 
approval (d' the fM)\ eminent s sujrj{«‘stion. The alio- 
litioii <d‘ teachiii,!*; of post ;>'raduale (‘lassc‘s means 
doubtless a relrof^radc st<‘p, as pointed out by the 
Council. 'J'hc ( iovi-.riuncnl has made the su^jjjestioii 
only "lo avuiil duplication of teaeliiiiji; aiul tlu' waste 
Ilf money as the keeping of a statl' for a class of four 
or five students was not jiistilied." 

'I'he Kxeeutivc ('oiineil has decided, it is under- 
stood, to make a nprt'senlalion to the. (iovernmenl 
against their move advising the abolition of llu* post- 
graduate classes, as in its view siieh a step was very 
retrograde. 'I’lie (sille^e authorities will iirobably be* 
advised by the l^xeeiitive Couiieil, it is said, not lo 
take any step on the (jlovt'rnmeiit's adviis* until the 
result of its repi’i-siiilallon. 

'I'he A;;ra ('ollef;e authorities, however, appear lo 
have decided already lo abolish from lu xl year, per- 
haps in pursuance of the (iovermneiil’s ailviee, post- 
j^raduate classes in philosophy and economies. This 
impression has been caused by their ^ivintf «»ne year’s 
notiis's to the. assi.ftant profi-ssors in these subjects. 
An authorilalivi- eoidirmation of sueli an action of the 
Aj'ra Collejre authorities is, however, not available. 

Agra University Extension Lectures 

The Executive Council of the t'niversity of Af'ra 
awarded six research scholarships, two in econo- 
mies and four in seienci-. It appointed Dr. Ishwari 
Prasad to tlidiver Cniversily exl»‘iision lectures at 
Hikaiier College, Pnd'. C. Mahajaii at S. 1). College, 
Cawiijiore, and Prof. T,. C. Dhariwal at St. ,lohn's 
(\)llege, Agra. 


Tlie Everest Expedition 

Mr. Hugh Riittledgi: again led the Everest expe- 
dition this year. The success attained in IDIHi does 
not seem lo be anywhere near that aehieveil in 1 !)>*<;), 
a year (‘haraeterized by very bad weather. 'I'he 
despatches sent by Mr. Riillledge from 'I’ibet and 
published in th(‘ Statexman of the 27th and 2Slh 
duly are extremely inler<‘sting. 

According lo Mr. Huttledge the weather over the 
Everest region this year M’as good on the whole 
except for short sjiells of snow-fall. 

Jn spit(‘ of the favourable conditions the fact 
remains that the (‘xpt'dilion has faihsl. 'I'liis is a 
])aradox and it may be worthwhile lo pul the known 
facts together, vh. 

(1) In February last Ihe e.\pedition left for the 
Everest with an optimistic forecast of good weather 
with certain cautions. 

(2) On account of (‘onflieling factors the Din*e- 
lor-Oeiieral of Obst-rvalories did not issue the long 
range forecast regarding the jirospeels of the inoii 
soon this y(‘ar. 

(.*1) 'I’he P'c'bruary forecast noted above appar- 
ently held until tin* I hint week of May, when Ihe mon- 
soon was supposed lo havi* a]>])roaehed the Everest 
with incredibly high sjieed. 

(!•) From the press reports we umlersland lhal 
the failure of the expedition was due lo an early 
monsoon. 

It is not easy for the public to ascertain the truth 
fr«)m a mass of confMeting statements. From tlu* 
dates of sjn-lls of bad wether given in Hultledge's 
despatches it appears lhal the intense, cyclone over 
Saugor Island towarils the close of May, which de 
vaslated East Ht'Ugal, is also res[H)nsible for the fail- 
ure of tlie expedition. During this period the Ever 
est. had heavy snowfall but summer conditions re 
turned giving rise to avalanches. 'I'his is the real 
e.uise of the failure of the. expedition this year. 

We sympathize with Mr. Huttledge and his parly 
in their gallant defeat, ami hope that the great 
adventure will he taken up with renewed vigor in tlie 
future. 

Grant for Rural Development 

I.asl year the India Government placed a sum of 
Us. 92.5 lakhs at llu; disposal of the local Goverii- 
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inciifs and Minor Administrations for tlir piirposr of 
rural dt'Vc'lopinrnt during tlii* yrar An extra 

amount of Rs. 108 laklis is availabli; for llie eurreiit 
finatu'ial y»‘ar. 'riie followi:!^ statrmtuit sliows how 
the amount will be distributrd. 



”nral 

Previous 

Proposed 

Province 

population 

allot int'iit 

allotmt'iit 


(in 

(ill 

( lakhs'). 


millions). 

lakhs of 




R.s.) 


Madras 

87.00 

\l 

15 

Horn hay 

18.70 

7 

5 

Sind 

8.10 


8 

Hengal 

Ki. 1<8 

Ki 

18 

Cnited 1 

b’ovinees ^2.^^lS 

15 

17 

Punjab 

20.5 1 

8.5 

8.5 

Huriiia 

18.15 

5 

.5 

Hihar 

.80.01 


12 

Orissa 

7.80 

12.5 

!• 

Assam 

8.H 

5 

5 

(’entral 

Provinces Dl.CM- 

5 

0 

North-W 

'esl Prontii-r 



Province 2.0 1 

:t 

8 

Delhi 


.5 

.5 

.Vjmer-Aferwara 

.5 

.5 

Coorg 


.5 

.5 


Total 02.5 108 


Healtli of Bombay Students 

In these eoluiiins wv have often reiVrre«l l«> the 
health of Indian students. It is an iiiiportant prob- 
lem and has only reeeiitly attraeted some attention, 
helow we f^ive some faets reifardinjy the health of 
students in the Mombay Piavsideiiey as reveahsl in the 
annual medieal exaiiiinalioii ii-port of the Hombay 
I’niversity. 

Students were elassified into three elasses A, H, 
anil (! aeeordin^ to the eoiidition of their health. (’ 
elass students were supposed to be no ^ond for physi- 
eal trainin;j; and improvement, owiii^; to some orj^anie 
disease. 

'rile number of students (‘xainined and analysed 
during the year was 12,870,. lady students numbering 
1,185. 


'rile number of students in the dillVrenl eatigorii-s 
was as follows : 

\ class ii.llt; H elass 0,020; and (* elass 281. 

'I’lie report stales that mi the Sind group the 
weight of the students was (ptite good, but their 
physieal devidopmeiit was poor. On the other hand, 
in the Deeean group the sludeuls had good miiseles 
but they were pul into the ‘IP elass, heeause their 
weight was not Up to the standard owing to the low 
food value of their diet. 

'rile Oiijeral group showeil very poor physi<|ue, 
the students are either loo fat or too lean. It may 
be due to eating fatly food, t;iUiug no exi*reise or 
eating too many vi*gelahle salads, having no food value 
as regards the building of museular tissues. In addi- 
tion, they seem to ha\r no desire to improx’e their 
physiipie, whieli uei*ds regular exi-reise. 

'rile Karnalak eollege group showed a largi- tiro- 
portion of students in elass A. 'I'liey have a very 
good pliysiipie, the pereentage of A elass stiiihaits 
being above ()7 per cent, in Karnatak College and 
52 jier eenl. in the eollege at Helgaum. 

LaOY S’l rDKNTS 

In regaril to the physical build of lady students 
in the niofussM eolleges. the report says : ‘The eliesi 
(‘Xpaiision among them is very poor, indei d, unless 
some mistake has been made in taking these measure- 
laents. If they are eorreel. it is high lime that some 
])hysieal drill, needing chest expansion and free 
breathing exercises for at least a i|uarler of an hour 
per dav, was made compulsory for them. Iloth in 
(fiijerat and Sind this detieieiiey in i-hesl expansion 
was to be particularly not iced.' 

'I'he report further slates that the students seem 
tti have a desire to iin])rove their iihysiipie. It was 
the duly of ineilieal examiners to encourage that alti- 
tude. Students needing treatment for eye. diseases 
were 2,152, nearly ll> per e-ait. of the number exa- 
mined. 

Til the number of .V elass students Karnatak 
College stands first and the ( lordhaiidas S. Medieal 
College, Hombay, the (Irani Medieal College, Hombay, 
and the Royal Institute of Seieiiee, Hombay, stand 
.second, third and fourth, respectively. 
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Geiger Institute 

The nrwspnpfrs Miiincli aimoiinrr that I In* 
(/(.Tinaii Arnih-my lias d('i‘i4l('(l l<» t-slahlisli a iu-\v Rr- 
scarcli Insliliili* untlor llif name »if ‘(iei^er Institute' 
to eoinmeinorale llie SOlh hirtliday nt‘ Prof. Willudm 
Geiger, wliieli fell upon the 21 si .July. 'I’lie aims 
and ohj(‘etN of the Institute are mainly to eoiiliniK* the 
iiiiiiieroii.s resean-hes to which the fiermaii professor 
has devoted most part of his sei(*titifie eareer. 'I’lie 
suhjeels in (pu'stion eovt'r a large field iiivtdviiig both 
('ey Ion and India. 

A rej)reseulalive Hoard «»f Advisers and an author- 
itative Conimittee of Management will he (•veiiliially 
appointed iiiuler the <lireetion <if Prof. Dr. Wiist, Dean 
of the Kaeulty of IMiilosophy in tin* Miinieh I'niversity. 
Do T.anenille, a pupil of Rrof. (o'iger's as w«dl as 
of Raron Sir .Jayatilaka of ('eylon. in eo operation 
with tlu. authorities of the Deutsche Akademie. will 
organise the Institute. A com])let«* plan of work will 
be announceil in the due c<iurse. 

It is iiop<’d that various authorities in C'l'ylon as 
well as ill Iiulia will tak<‘ an ai’tive inten st in the 
project. 

Petrol from Coal 

Production of pet nd from 'oal hy ehemieal 
methods is being eiicouragei ly govtriinienl in 
several Kuropean eountries. A> yet this petrol 
cannot quite compete with the natural prfulr.ct 
comiiu'reially. Hut it is likely to be very 
us(‘ful during a war when fonign supply of petrol 
may be in danger. 'I’lie I. ('. I. of Great ISritain an* 
running a huge plant uii<lt‘r slate ])atronagi'. 

r'lirther ]>n>gress towards the widespn-ad prodiu* 
tion of syntheti** petrol fniin Frciieh eoal has been 
made by the opening at Lii'vin of a second oil froni- 
eoal works. 'I'lie two factories now in o|)t‘ration are 
ea))al)le of treating .50 tons of coal a day and pro- 
ducing 10,000 tons of pet ml a year, 'flic method 
u.se<l is the hydrogenation of <-<»aI by a new procc’ss. 
A mixture of equal ])Hrls of eoal .Hiiil heavy oil is 
first of all hydrogenated under heavy ]>ressure at HR) 
degrees Fahrenhi<'t. 'rids yields medium oil and Iiea\y 
oil and a .small quantity of petrol. The medium oil 
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is then .again Irealcil at a lenqieral lire of 0;i0 degrees 
Fahrcnhiet and is transformed into petnd. 

U. S. S. R. and Rural Elcclrification 

Klci'tricity is being c-xteiisivcly utilised for farm- 
ing o]>eratioiis in the /aporoxhye district, near the 
grtal Dnieprostroi hydro-elcK-lrie station. 'I’liis is the 
first area in the Soviet Ciiioii in which ail agrieiil 
tiiral operations an* performeil with tlu* aid of elee 
tricily. l-ast year tlu* local cidleetive fariiu rs thresh 
cd their entire grain harvest by this nu‘ans, aeconl 
iiig to tlu* ".Monthly Review" for .lime of the 1'. S. 
.S. R. 'Trade Deh*galion in Great liritain. An i*lee 
trie threshing machine thrt'shed up to 1-0 Lous daily, 
whih* before the list* j>f eli-et rieity the highest 
.Hinount ihn'shed was 25 tons a day. 'This enabled 
tlu* e«>llective to eeonomixe o\i*r a period of 27 thresh- 
ing days t(» the l•\ll■nl t»f i»ne maiTs S().5 working dux'* 
and a,07.5 roubles in money. Ib-eaiise of tlu* cixnsi 
derable savings in labour, tinu* and money, farmers 
throughoul the Soviet rnion are beginning U) ni;ike 
wide use of it. 'Tlu* eleelrie |.lough has provi*<l ]»ai* 
t it'iilarly valuable in preparing the l;ind for tin- 
planting of tlu* grape vines. Dee]> ploughing* is essi ii 
tial for tlu* su<*eessful eiiltixalitui of grapes, and ii 
has bee II found in /aporo/.hye that elt*etrie ploiigli 
ing is easy even at a ih*ptli of a nu tri*. Kleetri« 
ploughs have* also made their appt araiice in the old« r 
vineyards of (itorgia and .\rnu*nia. T'amu rs an 
tiiuling that the use of eh*elricil_f reduces tlu* eosi 
of vt*get;d»les .*md increases tlu* croj). |■'.leelrie milk 
ill incrcasi's the yield and enables llu* milkmaid win) 
previously inilkeil eight cows by hand to milk 20 cow 
very <lH«*i« !it ly. 'Tlu* niimbei of de:iths of youm* 
animals h;is been greatly deere.-isicl by tlu* use* jo 
** lt*ctric heating in cow byr«*s. 

'J'hr F.lnlncinn, .Inly 10, l!>.*» ' 

Mr. Bruty on Electric Charges 

'The tenth annual confei*i*nee of llu* Kleetrieal 
('oiitractors' and .Mlieil Associations was lu*hl al 
l’'olk(*stone on .July s, <), and 10. and it was eons: 
di*red as one of the nuxsl successful gatherings of ils 
kind yet lu'ld. In the course of lii.s prt'sideiit iai 
aildress .Mr. A. (i. Rriity ri*marki*d." Had T llu 
power I would iminediHt(*ly make tlu* (i*let*trie! 
supply aiithoriticN concentrate their <*nergies on their 
own work of providing .h universal, elurap and ahuiul 

Ilf; 



NOTES AND NEWS 

Milt supply uf f'lrctrii'ity, witlioiil irrilatin^ I'ouflilidiis, 
will'oiil iiu'tir rents and eliari^es of lirinirin<>' in sup- 
plies. I would refuse to piuMiiil llu- makiiii;' of wirinjj: 
regulations to suit partieular fads and fancies, and 
generally see tlial llu'se monopolist authorities at-ted 
as if tliey weiM’ puhlie servants t‘i\in«^ a pultlie sir 
vice, and not dii'tators distributing favours." W'e have 
already dealt several times in ttiese i‘oIuiiiiis on tlie ur 
y;eiit need of tiu* rt'diietion of the exorbitant rales of 
i leetrie <‘onsum])tion eharfi,i*d by the supply eoiiipaiiii s 
in this «-onnlry. 'I’he ninark of .Mr. I?rnty, tpioled 
above, refers to (Ireat ISritain, wliere the eharuis i»f 
elect rieity are eM'eedinj»ly low I'oinpari'd to what tin y 
an* in India. If ])id)lie eonsnmpiion is u;ri-ali r then*, 
it mnsi be remembered that rednelions in ehari^es 
must prei'cdt* and not follow an iiu'rease in eoiisnnip 
tion by the pidilie. If the charges are such as to 
suit all pockets, we have not a manner of donlit that 
W'- shall sei* the whole eoimlrv elect ritied at no dis 
taut dat(‘. 

RrdiKtfd Telephone Charges in (;r<‘at Rrilaiii 

'Mn- Post Masti r fo iieral of fireal llrilain. .Major 
'rrvon, aniiouneed, in the IIoiis«* <d' ('omtnons on .Inly 
!*t last, considerable rednetioii in telephone ehar^i s. 
with elfeet from Oelobir 1 ne\l. 'The iNist Otliei- 
has adopted this progressive ])oliey. eiieouray;- d by 
the results of similar rediietions in I he past. l''rom 
October, the first .jO local penny calls (or t heir eipiix al 
eiil \ ])er ipiartei* iiiaili- by resithutial suliserilu rs on a 
(juarterly basis will be _i!;iven fiac of <'har«A'e. and the 
first Id local i-alls in a month will be uiveii free to onli 
nary monthly residential sniiseribers. b'nrtinr, n ntals 
for residential lines filled with a coin box will i»e 
reduced by ;is. dd. a (]narter. ainl those for onlinarv 
business .and small business nsj-rs are also li» b*- eiit 
by a similar amoinil. l*'rom .laiiiiarv. n-iitals for 
private telephone lines will be eoiisiderably reduced, 
'riii; 1 ‘osl of these eoneessions in a full y«*ar will be, 
it is estimated. £1,000,000 after allowiii.u: for mrowlh 
id’ Iraflie, brin.!;in,<'' the total cost of reductions in eliar 
i»‘es introdneed in lJ).‘ld to about £ 1 ,.'>00,000. Major 
'I'ryon said that the number of teli-pliones was ni»w in 
ereasin;;; at the rale of 200,000 a year, and that ilnrin;^ 
last year the number of e.alls increased by aboid 
110,000,000 or more than S per cent. Comment in«r 
on these rednelions, tin? Electrician says: "We de 
rive particular pleasure from the snceess which has 


al tended the recent policy of the Post ( )fliee, having 
eoiisisleiitly adxoeated sueli ion in days when the 
oflieial atlitiule was llial rednelions in charges must 
ffdlon, and not preei <|e, an increase in the use of the 
lelt |)hoiie by the public. Onr eonleiilion that the only 
Wiv to |)opn!ari/e I lie leltpiioiie was by loweriii!^ the 
eo>.!, and that any initial loss due to 1 1 caper rentals 
would lie speedilv m:iile ^'ood has In eii abiindaiilly 
justifii-d." We draw the .altinlioii of Ihe jinblie, the 
piddii* supply eonipaiiies of this i-onnlry, ;ind the 
( io\ i-rnini'iit to Ihe ;ibove \ ii ws of the Electrician, 
which entirely correspond to those of ours, as express 
ed sexi-ral limes in these eobuntis, eouimenlin^ on the 
exorliilani rales eliarm-d liy I hi- ])nb!ii' supply com 
p;niies in India. 

Recent Prtisjjrt'.s.s in RIeilical Sci<*nce 

'I'he rlb-i-ls III .-ilrolml nil '\hieh nieilie:il seieiilisls 
a;^ri I- havi- liei n siiiniiii-il up in a recent book by 
Prof, n.iven Kmersi'n of ( oliinibia I’nivi rsity as 
follows; I. .Meohol is a na-iolir which liy depressintf 
Ihe liiLilier ee'ilers. reinnxes inhibitions. 2. Onlsiile 
of Ihe iierxous s\ stein ;nul lh«- dijicslive Irael, ;ileohol 
usi d .IS a liexer.iec Ins liMle deinoiislrable elVec-l. 
.*J. 1 1 is a fond, ulili/.able as a sniiree of eiu-ro'y and 

a • p.'irer of prolein. but il is such only to ;i very 
liiniteil l!e•r|‘ee. I 1 1 is iinprnbatile lli:il Ihe (|nalily 
of 'nnn.-in stock has l>i i n al all injuied or adversely 
tiio.iifii d b\ Ihe lon^; use nt idi'ohol. .*ilthon:i.'h the 
etfeels on Ihe indixidual ;ire often de\ asl al in^‘. 
.*>. 'I'he lher;i])eul ie iisrfulness ;ind value of .nieohol 
is slnrlit. (). 1 1 may be a enmforl and a psyeholo^ieal 

.’lid to llu- .-in'ed. 7. 1 1 does nn| inereasi-. and il some- 

times deereasrs. ihe bndx's ■isislaiiee In infeelion. 

Colira Venom, in doses ton small to be poisonous, 
n licM s pain a', elleelixely ;is niorphiiu-. Ibil llie 
xeiiom of Ihe death dealinii>; m rpeiil is not habil- 
forminu: xx hen ••ix en to reliixe p;iin, as morphine is, 
and il does nol priwluei- Ihe disagreeable and dan 
irerniis bven'eels of ihe iiarenlie dru'V. I*'. \ per-menl s 
xvilli eoltra veiitun on labixralory animals and hniiiHii 
palitnis, inelndinu; ;i hundred sulVerers from e;ineer 
in its lale sta'i'es, were n pov|i-d bv Dr. Daviil I. 
Maild. l)in«-lor of Pliarmoeoloideal PeSeareh 
l.aboratorv. Ilynson, M'esleol! and I limniii'r. P.-illi- 
m'n*e, al Ihe meelin/i' of lln- Xalional A«adeiny of 
Seieiu-es. 

That bone fonnalioii is an ever chantd''^' t>n»eess 
in tin- bodv and not oeeurriny; only diiriiiii; youth is 
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Ity rxprriiiii nis ji'.st rrportt'd Ity two 
Danish scientists. 

Maternal instinct in yoiiii,tr rats is due to the 
intliienei* of findaetiii, pituitary j;land lioriiioiit*, and 
eari he aroust'd in yoiin;^ viri>:iti rats hy injeetions of 
this horniont* (I)rs, Oscar Riddle, Kriiest L. Lahr and 
Uohert \V. Hates, Carnegie Iiisliliition of Washington. 

Important aid for the trealinenl of liver <lisease 
and for preparing ])atii‘nts sntferin^ from fatty livers 
for operation was the disc-overy hy I)rs. J. I.. Holl- 
man and F. Mann, ^^ayo Olinie,' that thc‘ eoni- 
position of the liver can he varied within wide limits 
hy diet. 

Removal of all hut a small portion of tlu* frontal 
an*a of the hrain with no impairim'iit of intelli^t'iiee 
in the patient, hut increased e<iin-enl rat ion, was the 
result of an operation ])erforiued hy Dr. (fh'ii Spur 
itifif I'luvcrsUy of Louisville, an<l rep<»rted hy Dr. 
S. SpaffonI Aekerly. 

— J (Hi null I. M. ./. 

British Fishing Boats 

A Special K.xhihition of Models and Rians t>f 
Hritish Fishing Hoats was opeiusl at the Seieiiee 
Miiseimi, on July 22nd, hy the l..ord Maeinillan, K.(\ 
'file inlrodiietioii of the marine motor is hriiifriu^ 
ahoiit tlie rapid extinelion of the ^raiid old typi'S, 
which are now hein^ superseded hy nuMlern motor 
craft, huilt to a few comparatively standard designs. 
'I'hc fact is certainly not generally realized that until 
within tin* last few years, there were no less than two 
hundred distinct types of tishin^ and coastal craft 
survivinj^ in the Hritish Isles, after eeiiluries of 
evolution had hroii^ht them to their final form. Vet 
hefore loiii^ the majority of these will have j^one for 
ever, and the hrowri sail of the fisherinan will he no 
lon;j;er seen. Of .‘tOO Hrixham trawlers, for examph*, 
surviving aft<‘r the (Jreat War, not a dozen of the 
First C’lass nanain. Of HOC) Iliimher sailinf^ trawh*rs 
in the late IDth eentury, not one is left to-day. 

Aiiionu: the 120 models and plans shown, which 
occupy the whole of the FiXhihition gallery, are speei 
mens of craft from all coasts of the Hritish Islc.s, 
including Orkney and Shetland; representing both 
sailing and rowing b-.ats, and types u.sed for every 
kind of fishing. Tn addition to the plans and models 


of «'rafl still in existence, there arc also .some of craft 
long extinct. 

Owing to local conditions, influences and traditions 
there arc wide variations of design among these craft; 
very mneh wider, ])erhaps, than the layman a])pre- 
ciates; and this is clearly .seen in the Exhihition. Some, 
like the Shetland “Six<*rn.s”, have ' followed in un- 
hroken tradition upon tin* Norseman's long-ship: 
others, like the Deal Luggers and the Falmouth (}uay- 
punts, ])rovide a link with the heyday of the Sailing 
Ship, when their lines w«*rc determined largely hy 
the h>eal need f«)r It'iiders to carry out stores to the 
larger vessels. All were at!eet(‘d hy tlu* local condi- 
tions in which their work was done; whether to launeh 
from an open beach, like the Vorkshire Tobies, or the. 
Forllanil lerrits; or to work from .small ])ier harbours, 
like the famous .Mount's Hay or IVnzanee luggers. 

In craft used for fishing, the design would depend 
on the kind of ti.shiiig for which they were to tie list'd; 
whether for drift-net. trawl, line-fishing, or any other 
nu'thod. 

Realizing the danger that thesi* old types would 
di.sappt'ar beftire full information could he .secured, 
the Sbi'iety for Nautit‘al Rest*areh a])])ointed a Coastal 
and River Craft Sub- Committee in April, IPHt, to 
organize a survey of the Hritish Ish's. With the aid 
of a fund of €500 now being rai.st'd, to which the 
Filgrim Trustees generously granted €250, draiights- 
nu'ii are now being em])loyed in taking off tlu* lines 
of all surviving coastal craft, from whi«*h such com 
plete plans are being inaile that full sized rc'pliea, or 
a perft'ct model, could bt made at any future time. 
In addition, the voluntary assistance of yaehtsmeii has 
been organized through the yacht elidis, for the col- 
lect ion of every si'rap of in formation, and of photo - 
graphs, .so that the history of the craft can he 
pre.served. 

The Exhibition contains the results of the first 
two years* resean*h, and .shows the most complete eol- 
leelioii of plans and models of Hriti.sh fi.shing boats 
and other (‘oastal i*raft that has ever been .seen. Of 
old timers, there are, for example, a contemporary 
drawing of English Fishing Roats aliout l(i50 the lines 
of tuiy of 1717; and a Tew'cy Smuggler of 1805. Of 
later years, there are fine models of Humber and 
Hrixham trawlers, a Galway “hooker”, a Scottish 
"Zulu", a “.seaffie-yawl”, and many others. The plans 
are arranged on lecterns, and wherever it is possible, 
models and plans of the same type of craft arc arrang- 
ed together^ making a very interesting comparison. 
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Marketing of Sugar 

At a mt^rting of various sugar-mil l-owiiors, ciiiilt* 
a largo niimhor of whom won* j>rosonl in ('uloutta on 
till* oooasion of the fourth annual gonoral mooting 
of the Indian Sugar Mills Assooiation, it was dooidul 
to form a Sugar .Markoting Organization. It 
is ox poet od that all the sugar of tho various su^ar 
faotorios joining this .sohomo will bo murkoLod through 
it. This oontral markoting oompaii}’, howovor, would 
not disturb tho prosont soiling and distributing 
arrangoinonts of sugar viz.^ the dealers and agents 
but would utilize all those ohannols for tho purposos 
of markoting. l*rioos of sugar would, howovor, ho 
ctuotod by this organization and not by individual 
faotorios. A large number of mill owners have al- 
ready agreed to join the .sohoine and with this pro 
limiiiary start, it is oxpeotod that the oontral markot- 
ing soliomi*. will ])rovo a siioooss. Other niomlior 
faotorios of tho Assooiation are being a])proaohod to 
join tho sohomo. 

Indian Central Colton Committee 

The a])prooiatioii of tho Indian (’oiitral (*otton 
(/ominittoo of tho worh done by tho l.aiioashiro Indian 
Cotton ('ominiltoo to inoroase tho use of Indian ootton 
in the United Kingdom was expressed by inoinliors of 
the (Committee at its .'ttSrd half yearly mooting hold 
ill llombay on tho 17th and 18th of August ni.'ld iiiifior 
tho prosidoiioy of Sir Purshotamdas 'riiakunias. His 
Kxoollonoy the (lovornor of Honibay formally inaiigu- 
ratoil tho mooting, 'riie question of wider markets 
for Indian oottons roooivod tho spooial attention of tho 
rominittoo whioh devoted a oonsidorahlo ])ortioii of 
its time in disoussing the report of the Sp«*eial Siili- 
('Ommittoo a])])ointod to deal with this matter. 

Tho ('ommittoo oxpri'ssod its satisfaotion at tho 
passing by the Hombay and Uonlriil Provinoos 
(jrovornmonts of legislation for the control of ootton 
ginning and jiressing faotorios designed to ])rovont 
siioh malpraotioes as excessive watering, tho mixing 
up of ditforenl kinds of oottons elo. 'I’lio ('ommittoo 
was oonfidetil that the now legislation will prove of 
great benefit to the ootton industry of India. Tho 
(\immittoo urged on the (fovornmont of Sind tho 
necessity to take early stoj)s to make the ('otton 
(linning and Pressing Faotorios Amendment Act olToo- 
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live in that proviiioo by framing rules as early as 
possible. It was revealed that <i7 Indian States had 
now onaotod legislation on the linos of the ('otton 
(iiiining and Pressing Faotorios iVot of Hritish India 
and from bO States weekly liross returns were being 
reooivoil. 

A further stop was laki*n in tho ])olioy of estab- 
lishing rogiilalod ootton markets when tho Cominittoe 
endorsed tho view of the Hombay (lovornmont regard- 
ing till* ostablishmonl of 2 more ootton markets at 
Hroaoh and Havla in tho Ahmedabad district under 
tho C’otton Markets Act. 

'Pho fiovernmont of tho United Provinoos had sub- 
mitted to tho ('ommittoo tho draft of a proposed 
moMsuro for tho control of pink boll-worm post of 
ootton whioh has boon rospoiisiblo for oaiising heavy 
damages to tho ootton crop of the United Provinoos. 

'Pho rojmrt of tho Col ton Forecast Tmprovomont 
Sub ('ommittoo on studios of village oonsuiiipl ion of 
lotton, post-mortom oxamiiialion of ootton forecast of 
IJKH-.'h') season, publication of monthly stateinonts of 
ootton pressed in Indian States and tho progress report 
of tho Hombay Col ton Crop P’oroeast Inqirovomoni 
Sohomo for l!),*{5-:h) was ajqirovod and adiqited. 

'Pho ('ommittoo a))provod tho report of tho Agri- 
oulliiral Hesoaroh Sub-Uommiltoe and expressed its 
salisraolioii at tho progress made by tho 21) Agricul- 
tural Hesoaroh and 18 Seed Distribution Sohomos 
tinanoed by tho Indian Uent*‘al Cotton Committee. 

In pursiiaiiei* of tho policy of improving tho cpiality 
of Indian ootton the Committee approved of a number 
of new roseareh sehomes ineluding a sehomo for brood- 
ing wilt resistant oottons for Surat area, sehomo for 
the improvement of Dholloras oottons and a sohomo 
for the improvement of Kum|)ta ootton in tho 
Hyderabad .State. 'Phe Committee also saiielioneil tho 
extension of several ootton breeding, propaganda, 
ostomologioal and seed distribution sehomes. In parti - 
eular tho work on ootton wilt breeding eeiitraliztd at 
Poona was appraised by the Committoo as tiling of 
fundamental importaiieo and the Committee- reeom- 
inondod that this work morils extonsion without any 
oliargi* being made on tho Hombay Hovornmoiit. 

The report of the 'Peehnologieal Uesoareh Sub- 
Coininittoo was approved. 'Pho report showed an in- 
ereaso in tho total number of .samples reeeived at tho 
'Peehnologieal Laboratory for yarn testing and this 
clearly indicated the inoroasing popularity of the work 
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ilont' l)v Uic I.alMiraltirv. Tiu' nporl i-diitaiiiffl lilt* 
n-sults of Ifsls farrifil «nit at llir l.almralory willi a 
view to aseerlaiiiiny: tin- iMtIiiciicr of diiisilv <if t-oiii- 
])n’ssio:i i»ii tlir (jiialilv and waste losses of 

Indian eoltoiis and it was 4lj(i4lid that tlnsc rcsnils 
slioiild l)e |)id>iislicd in ordi-r to rlicit tlir i>|iiiiion id 
Mil’ trade. 'I’lie pro.i;ress rijairls id’ the Direelor, 
'I’eeliiiolo^'v l.ahoratorv, and the Pnidicitv and l*ro 
|ia^‘anda OMieer were apprnvid and the (.’oniniil tee’s 
appreeiai ion was n ennied of the valiiahle work done 
by both ollieers in tlieir respeetive spin-res. Siieie.ssfid 
results aehieved in eonneetioii with the anti ( iOt;hari 
propairaiida eainpai,uTi in Surat and Itaroda dislriits. 
eanipfii,! 4 'iis for the extension id' eolloii on tin- Indus 
|{ii;-hl Itaiik areas :ind the extension of Pink Moll 
W orm eonlroi measures in the I ’jiited Pro\ inees were 
speeialiy mentioned. 

'I'he eommittee was i^ralitiid to note the s.alisfae 
torv pro_!*ress made by the Institute of Inlaid Industry, 
Indore. The annual report of the Direetor of the 
llislitute w;is appro\ed and the Committee expresseil 
its sat isf.'iet ion on the v.ast amount of work earried 
on diiriniL;' the year eiidiuu, oOlh .lime IddC. 
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pal, M.se., ISenares 150 

ti. Saponilieatioii of Mahwa Oil. |{. K. 
fodthil, I 1 ..SI*., A.ii.ii.T.i., Cawnpore . . 1,50 


7. A New Froee.ss for the Solvent Kxtrae- Rs. 
tioii of Casli»r Seed with Reelifiial Spirits. — 

N. (m. Chatti'rji, C’awiijaire . . . . 1.50 

S. 'fill* preparation of New W’eltiiiji 
Af^eiils. (ft) K. Veiikataraman, m.a., idi.n., 
Hombay; (h) I). It. l)hiiif;'ra; and (r) 1. S. 

Cppal, Rombay . . . . 1.50 

0. Cashew Nut Shell Oil ami its Idili/a- 
tioii. N. .M. Palel, Rombay 1*50 

Magnificient Gift for Rcseatli 

Soon after the aniioimeement of tin* ma^nilieieiit 
ii'il'l of a r{uarler millioii pounds by Sir Herbert .Wist in 
to the ('.axendi^h L.'iboratory, Mr. Frank Parkinson 
of Missrs. Cromplom P;irkinsoii l.td. has oU'ered to 
III - I'nixersity of Leeds a sum of t'.50.000 towards 
tie* establishmeid of ;i sehol.'irship endowment fund. 
In ord« r that seholarship grants ni.iy not be did.axed 
peiidiiii*: reeeipt id' interest from the fund in the lirst 
ye.ar, he has further oll'en d t' I ,.500 for ^rantintj 
sehol.arships in the tirst year. Ill his letter to the 
vice eh;ine«dlor of the Li eds I’nixersity Mr. Parkin- 
sou says that in iu;ikin^ this oll'er he is aboxe .'ill ihin&;'s 
anxious that it should friielify in the developineiit id’ 
those types of m.'iiihood and woin.'inhood whieh the 
eoiinlry nei'ds if it is to hold its place amoiiif the 
n.-itions in the strenuous d;i\s ahead. Me adils th.'il 
as an industrialist he is fully eonseioiis of the service 
xvhieh the study of pure seieiiee and the .arts e.ati eon 
t nbiite to the public w i al. 

Poultry Roseach Inslilulc 

An Prrss mess.-iiie sl;ites that the 

(iov'ernnieiit of India li.ave approx ed the seheine for 
Ih'* establislunent of a Central Poultry Instiliile ;d 
l/atna^'ar under the ailministrat ive control of the 
Pireilur of the Imperial Institute of \’erterin;irv 
Ri search. 

'riiey have sanctioned ;i non reeiirrin^ expenditiiri' 
of nearly Rs. ‘J. 7.5,000 for biiildin^rs, roails and other 
capital ex))enditure and an axerjijre reeiirriii^ expeii- 
ilitiire of nearly Rs. .50,000 a year form IJKIT-.'ltS. 

The Institute will carry on research on disease, 
niilrilioti and .i;vnelies of poultry and also act as a 
bureau id’ information for other iiilsitiilions. It will 
.•iLo carry on invest i«*;it ions on proi'essin;^ and disposal 
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of poultry and egg products and make arrangements 
for courses of training if there is any dc'inand. 

Selective brcciling work will, Imwever, reinaiti a 
jirovineial subject. 

Rebuilding of Quetta 

After liis investigations at the site of the last 
Qiu tta (‘arthqiiake Mr. \V. D. West of the (reologieal 
Survey of India has come to the ('oneliision that Quetta 
is probably the safest place in Haluehistaii in which 
to build houses. Mr. West, who is also the secretary 
of the Seisiiiologieal sub-Commillee of the National 
Institute of Seieiiecs and the President of the (b'ology 
section of the Jndian Seieiiee CVnigress this year, 
lays great stress on scicntilic construction of buildings 
to ininiinixc disaster in ease of a future earthquake. 
We give below some «‘xtra<*ls from Mr. West’s report. 

Coininenting on the Quetta earthquake itself Mr. 
West says: "'I’lu: major part of the destruction in the 
city was <lue to tw<i causes, inferior eonstriietion amt 
the height of tin* ViiiiUlings. Another factor which must, 
have increased tin* inotalily in Quetta city was the 
narrowness of most of tin? street.s, making it impo.s.sible 
fc»r [Jeople who did have tinn! to escape to reach a 
place of safety. A most . Jinsalisfaelory detail in the 
eonstruelion of many buildings in (^lU'tta was the 
incorporation of wire nelliiig within the pla.stt'r of the 
walls. 

"During the earthquaUe this came down aeeoni- 
paiiied by a sutfoeating cloud of du.st, and it proved 
a death trap in nunibt-rless eases, making it im]}ossible 
even for those who were not .seriously injured to escape 
out of their ruined houses. It also proved a great 
handicap to those engaged in rescue work. 

"It is generally accepted that building.s, if they 
are to resist^ earthquake which may come from any 
direction^ should be built as squarely as possible. 'I'liat 
this is essential reeeive<t eontirniation from tin* dc*s- 
triieiioii wrought in the U. A. F. lines. Here, the 
single men’s quarters were built in long lines, which 
were aligned more or less at right angles to the direc- 
tion from which the shock came. During tinr earth- 
quake they simply went *)ver sideways, and iin*urred 
a high mortality. On the otluT hand, the married 
men’s quarters were more eoinpaet, square-shape*! 
houses; and although they w’cre seriously «*raeked, they 
lid not collapse and no one was killed. 


"Perhaps the most diirieiilt probh*m in the rebuild- 
ing of Quetta is going to be ad(‘quate supervision. 
'I’hat this has not been suceessfully a(*eonipli.shed in 
the past is clear from the ilamage sustain<*d by com- 
paratively new buildii\gK whi«*h should have been care* 
fully const rueled. 'I’he Ammunition Depf)t is a ease 
in p<»iiit. It was a building which reipnred pt'rhaps 
more careful atleiilion in eonstriietion than any other 
building in (jiU'tta, and yet its outer walls eollap.s(‘d 
at the beginning of the sho(*k, largely through tin* 
quality of the mortar employed. 

"It is well known that the banks of streams leml 
to collapse towards the strt'am during an earthquake. 
So considerable is this teiuh'iiey that it is often the 
ehi(‘f factor in the damage to bridges, 'i'liis was well 
ih'intinst rated in the ea.si* of many bridges around 
Quetta. 

"Whih* this indicates that special attention must 
be paid to the abutments of bridges in areas liable 
to earthquakes, it also indit'ates that the immediate 
neighbourhood of strt'ams is an unsafe phaei* in which 
to build hoiisi's. 

".Vnother )>osilion of dangt*r during earthquake is 
the junetioii of solid rock and alluvium. In the Mas- 
tung Kalat valley, those villages of the valh*y at the 
junetioii of the ‘paf and tin* hills wen^ gt*nerally more 
severely atl’eeted than villages situated mon^ centrally 
in the valley. It is possibly dm* to the fact that the 
soli*! r*)ek and th** alluvium vibrat** with difT(*r<‘nL 
l»eri*><ls during the (*arth<]uak*‘. 

"It having already been iiidieat***! that probably 
the safe.st place in llaluehistan in whi<'h to build now 
is (Quetta, it remains t*» *'*msid*‘r whi**h part of Quetta 
is l**ast liable to the elfeets of *'arth([uake shocks. It 
is *if ***)urs** impossibh* to pr***liet where the epieeiilre 
<if the n*‘xl «*artlHpiake is going to b**, *ir even *ui whi(*h 
si*l(‘ of (^m lta it is likely to occur, hut 1 consider 
that otiu r things b*'ing er[ual, for Iht* reasons given 
ab*)ve, future earthquakes are always lik**ly to air**et 
the hiwer anti iimre S*)uth-wi*sterly part *)f Qiu'tta 
t*i a greater **xt*nt than the higln-r imrth-easterly 
part." 

Mr. West sugg**sl.s th** careful drawing up of a 
building code tti ensure saf** e*instruetionN, sinetr the 
dt'st ruction in (^lU'tta was largely dii**. to the inferior 
eonstriietion of the biiihiings. Anti since "th** tempera- 
ment *>f the average Indian biiiltler inclines him t*) take 
risks by e**oiiomizing at thi* i*xpense of safety it seems 
probable that another .similarly built city will even- 
tually spring up and become another .sou ret*, of daiig**r 
iinle.ss .st**])s are taki*n t*i control tin* biiihling." 
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'riu* riiforcriiu'iit of siirli n foili; will not only 
(‘iisiirr that such new hiiil(liii;rs as arc con.striictcil 
will he n-asoriahly |)ri>(»f against earthquakes, but it 
will very c<»nsi(leralily rest riel the size of the new city, 
siiu-e only llu)se who an- j)n-j)an‘il to to the iieees- 
sary additional expenditure would build in (Quetta. 

It would llierebtre be essential to prohibit tlu* list- 
<if a mud mortar, i louses of more than oin- storey 
should ^‘eiK-rally be pnthibited, the plan of every 
building should lu* submitted to a competent authority. 


the w'idlh of streets should be not less than the eom- 
bined height of the houses on t-ither side. ete. etc. 

Golden Jubilee of the Allahabad University 

The I’niversity eoinpletes its 50th year on Nov»*in- 
ber 10, 1!).‘i7. 'riie eouneil appointed a eoinmitlet* of 
nine im-mlM-rs to consider ])reliminary plans for the 
eelebralion of the golden jubilee. Among the mem 
bers of the eommittec appointed are tin* lit. Hon. Sir 
Tej Hahadur Saprii, .Mr. 1. N. Criirtu, the Vice- 
C'haneellor, Panilit Amarnath .Iha, Rai Rahadiir 
Pandit Kanahiyn Lai, Dr. Taru ('hand, and Dr. Iliee. 


r)i:>aissi()iis ciiicl Syiiipositi tit the next Science Coiitjrcss 

It has been proposed that diseussions and symposia on the fcdlowing subjects 
may b<* arrangi-d at the next Session of tlu* Indian Sciciu-e Congress Association 
to be held at Hyderabad in .laiiuary. U).*17, provided the ])n>p(»sal receives suineien! 
sup|)ort. M«*mbers <»f the Science C'ongress interesle<l in the pmposal are hereby 
rerpie.stetl to get into touch with the Seetional Pr«-sident whose naiiu- is nii-ntioned 
against the subject for <liseussion in the following list: 


1, On Wegener's 'riieory t»f Conliiu-ntal Drift as 
regards India and adjai-eni Countrit-s. 

(.loint Discussion ( ieo logy, /oology .'iiid 
Rot any Se<-lions). 

II. On the lu-ed for a Soil Survey for India. 

(, loint Discussion Chology ^ AgrieuI 
ture Seel ions) . 

III. 'rile .Vge tif the Di'ciaii 'I’rap. 

((ieology Section only). 

IV. On Nutrition in Relation to Crops as well as 

Human Reings and Farm Livestock. 

f. loint Discussion — Medical and Veteri- 
nary Researeh, Physiiihigy, Agrieultiire and 
Chemi.'>try Sections). 


Mr. W. 1). West, M.A., President, fh-ology & fh-o 
graphy Stu-tion, (teologieal Survey of India, 27 
Chowringhee, Calcutta. 

Ditt( 


Ditto. 

Col. A. Olver, e.n., K.u.t'.v.s., Preshlent. 

Medical and Veterinary Re.seareh Section, Animal 
Husbandry Expert, Iinp(‘rial Council of Agricultural 
Researeh, Xew' Delhi. 


SCIENCF & 
C IJ L T U I* K 


152 



Research Notes 


Prehistoric Archaeology in Indonesia 

III llu* Annual liihlintfraphif of Indian Arvhavolotjtf 
for ihv yrar lUA/f, Dr. Holn-rt FrrilitTP vdii ilt'im* 
<‘otitrilMit(‘.s an article nn tlu* ahovt* sulijtH-l. 
H<* draws oiir attrntioii to I Ik* retvnt iliscovi-rit-s <»f 
SOUK* liiiinan skulls on tlu* tfrra<‘OS of llir Solo riv^r 
iK’ar Ngaiulong (Java), (IrfiiiiU'ly liolonging to Hit* 
IMfislocfiu* Ago and iioarly akin to llu* N(‘Hiid<‘rtlial 
man. Most of tlu* ])alaf‘olillii(.* impK-monts, howovor, 
ht'loiig to tlu* prcsonl goologioal formation, and 
may In* ascrilit'tl to any one of tlu* tlirei* gniujis; (1) 
liand-a.vi‘ eulliiros, r(*lat«‘d lt» similar (*iilt tires <if 
Malay IViiinsiila, Siam and 'rorikin; (2) flake eiiltures 
wliieli arc* sj)read over llu* Irrawaddy basin in 
ISiirma. ‘Tlu* original Iioiiu* of all these* flake eiiltures 
of Soutli-Kasl Asia may have ht*en in India, where the 
later stages of llu* palai*nlitlii(* an* full of similar 
eivilizalioiis.' 'I’liesc* may he aflilialed to the Weddoids 
and partly to the Negritos; (;t) a hone and horn eul- 
tun*, prohahly of North Asiatic* origin. 

'I'lie lU'olithic* (*ult tires are grouped uiidc*r tlu* fol 
lowing heads: ( 1 ) llu* lirsl, developed out of the hand 
axe* eidtiire through the infltienee of iieolithie elements; 
(2) the sec*ond, tlu* existi*iu*e of whieh is known from 
stone arrow-heads, prohahly imported from Japan 
through tlu* Philippines; (:<) tlu* third, ehara<*lerixed 
hy stone knives, points of stone etc*,, also prohahly 
from Japan; ( !• ) ('arlic*r shouldc*r-ax(* eiiltiire, pro 
hahly c*4niTU*<*ted with the loeal palaeolithic eulture; 
(S) round-axe eulture. whieh reached Kaslern In- 
donesia hy way of I'ormosa and the Philippines: (<>) 
({uadrangiilar axe etillur**, whieh eaiiie from C'hiiia 
through Further India prohahly lH*tween n.e. 2000 
and 1500 and inehides the iiiegalithic* eiiltiirf* of In- 
donesia; (7) till* primitive* Polynesian eivilixation, 
a hraTieh of the quadrangular axe eulture. 

./. (ilioxh. 

Correlation between Scattering and Recoil in the 
Compton Effect 

Shankland's experitneiil on tlu* sealiering of 
;• -rays from lla(‘ has been reported in the April 
issue of tins journal. The results obtained in this 
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experiment an* ineompatilih* with ('ompton’s theory 
of sealiering. The Shank land c*\]>eriment thus **on' 
Iradiels the earlier experinu*nts hy Holhe and (ieiger. 
and hy Compton and Simon, and thereby points to a 
breakdown of the eoiisi-rvalion (d‘ energy and momen- 
tum in siieh atomic* jiroeessc s. 'I’he ih.'oretieal physi' 
eisls like Dirat*. Peierls. have later on drawn from this 
experinu'iil important eoiK'hisions as to the leiiahility 
of the eoiisi'rvation laws. A repiirt of these lias also 
appt*ared. 

Very reeeiilly, the Hot he (ieiger experiment has 
ht*en rt*pt*ated again hy Mothe and Maier-Li'ihnit/.,' 
and hy ,laeohst‘ir’ under \ery well-delined c'ondil ions, 
'rile results obtained by them are not in agreenn*nl 
with the t*oneIusions of Shanivland's experiment, hut 
are in harmony with the existing theory. .la<*ohsen 
used the more homogeneous rays from lla'I'h and 
applied a single (*ounter for the deleetion of llu* scat- 
tered c|uanta and another for the recoil elec'trons. He* 
also i*oun(t*d the* niimht r of so c al ltd ehanet* t*oint*i 
dent*es. For this fuirpose, a lead shee t was inlerposed 
between the seatlerer anil the /I ray eoimter, while* 
the fall in the* numhe*r of single kicks was made* up by 
a we'ak soiiree of Hal) plaei‘il iit*ar it. llis re-suits, 
eorreeteel for these ehaiiee eoineiileiiei's, show that 
eeirrelalioii exists between the and -ray coun- 

ters and their ne*l uumhi‘r of e*oineideiiei-s agrei*s, in 
the order of magnitude, with lh;il roughly estimateel 
on the* theory. 

Ihithe and M aie-r- Leihnit /. ‘ have e-arrie-d out 
similar experiment with similar results. In their ex- 
perinieiit. the ti lie-re el / rays from 'TIi ( '" we re* ehosi-ii 
on ae*eounl of the*ir greater homogeneity. A thin 
walle*ei (ie ige r Miille-r eoimte r reeeivi*d the re*e*oil 
eleelreens, while* there* we-re- two e*onne*e-le-el Ie*ad eotUlle-rs 
for the se*allere-d photons. The* e*ounti-rs we-re* plae-e-el 
svmmetrieally em both side s of the* primary he*am and 
their a/.imiilh was ISO'*. It was tounel that the* eoiiu*i- 
deiiee* was ve*ry promiiie-nl whe*n the* angle with the 
primary he*ani was .‘tO' . as i-\pe‘i-ted on the* the‘ory, 
for both the* fi rays and the* rays, 'riie* niimher 
fell down abruptly, when e ither this angle* was alte*re*d, 
or whe n the azimuth was ; hut in either e ase, il 

\'ni. li. No. a 

SKPTEMBKR 103rt 



RESEARCH NOTES 

was hijrlirr tlinii the* zcrn-t‘HVt*l (i.r. coincidemTS dm* 
to cliaiirr). In ordtT lo foiiiil tin* niimlK’r of those 
(‘liaiioo coiiicidonors, llio soattrror was roinovod 
and the ji -vmiMvr was exposed to a weak soiirc'c of 
/i-rays to maintain in it the previous rate* of ooiintiiifr. 

'riif H’sidts of tlifsi* latest expt'rimeiits were dis- 
eiisst'd hv pliysi(‘ists like Holir. I’auli, Fermi, and 
llt'isenberjjf in a recent eonferi'iiee at (’openhageii. 
'riiey have. w«*leoiiied these results as they are of the 
.opinion that all these atomic cpiaiitum proeesst's can 
he explained on the eonservation principles. Jlolir'* 
has ^iven his views on ‘C’otiservalion laws in (piaiituin 
theory'. He emphasi/.es that as the fimdaineiital rela 
tions h(‘tw(‘en tlu' wave and eorpuseidar nature of 
matter and radiation can he expressed in accordance 
with the priru'iph* <if relativity, the foiimlations of the 
(plant urn and tlu‘ relativity theory cannot he ii. /‘(insis- 
tent with each other. Ht* is thus not prepared to dis- 
pt'iisc* with tiu' conservation laws, as urjrcd hv Dirac, 
in formulating the rtdalivistic ([uanlum dynamics. 
According to him, the diinculties in ada))ling the (ptan- 
liim Klcclrodynamics to the unsolved prohleins may 
lie in the “atomistic nature of electricity, which is :is 
foreign to classical physical theories as the (plant urn 
of action itself". He is (*ontidciit, then‘forc, that the 
doiihts regarding the validity of the conservation laws, 
as suggested hy Shatiklatid's (‘xpcriineiit. are entirely 
removed, and the IMioton tlu'ory is eoiifirined in (‘V(‘ry 
way. 

1. (iiin'nujvn \achr., 127, ID.'Jli. 

2. \atiirr, IJS, 25, lJ)5d. 

;i. Phjfs. Uvv., an, 1S7, lIK’hi. 

1. A'a/Mrc, /.j.V, 25, IP.dd. 

Mukhfrji. 

On the discovery of a Kaniboja dynasty of Bengal 

111 a very interesting communication entitled “Irda 
copper plate of the Kamhoja king Naya])Aladcva’’ 
(Kpiffraphia Indica, vol. XXII. ])p. 15()-5n, 2 plates, 
IlKKiJ Mr. N. (J. .Majiimdar. m..\., f.a.s.h.. Superinten- 
dent of Kaslern Circle, .\rchaeological Survey of India, 
has edited a copper-plate, which proves, for the first 
time, the existence of a K/iinhaja dynasty in south- 
west llengal in tht* latter part of the lOlh century A.n. 
'riiis eoppcr-plalc helongs to the zemindar of Irda 
in the l^alnsore district of Orissa. At present it is not 
possible to ascertain its actual find -.spot and the cir- 
cum-stanccs under which it w’as discovered. Tn this 
copper-plate is mentioned king liajifaptila, an orna- 


ment of the Kamhoja elan {kamhoja-vamm-lilaka)y 
whose (pu'cn was /iharfifadcvi. She gave birth to a 
son KAratfanapala who succeeded his father. Na- 
rnifanapala was .succeeded by his younger brother 
Xaipipala. 'I'lic object of this copper-plate is to re- 
cord the donation, by the king \ai/apala, of the village 
of lirhat-Chhattivanna, adjoining to Kanti, Sammasha 
and liatlah'handa, within the Dandahhufeti mandala of 
the rarddhamana hhukti on a navami day in the month 
of Kfirttiha to the Vandlta AsiHitthasarmmanf the son 
of the upadhifthfa Anukulnmisrn, grandson of the 
itpadhtfaifa Vrahhaharasarmman and great grandson 
of Uhatta Dlvakarasarmnian. This donation was re- 
corded on the 18th Karttika in the 18th regnal year of 
the king Xniinpiila. 

'riie learned author has very alily pointed out the 
importance of this eo))])er-plate. He rightly holds 
liajifaptila, Xaraifanapala and Naif a pain cannot be 
iiiad(‘ iih ntical with lh(‘ kings having similar names and 
belonging lo the Pala dynasty of Bengal. Tii the first 
place. tht‘ir order of succession is altogether difl'enait. 
Secondly, littjifapala of this record has the epithet 
Knmhojax'amsa tilaka, i.e., “an ornament of tin? Kain- 
laija elan’^ but in the Ramacharilam of Sandhiftiharn 
Nandi the Ptilas are su))poscd lo have descended from 
the **samndra-knlfi* and in tiu* Kamauli grant of /'(//- 
difadvt'u arc referred to as b(‘longing to the solar race 
(mihirasifa x'anisn). Thirdly, nowher»‘ the Kamhoja 
origin has beim attributed lo the Pala rulers of Bengal. 
From tlu^ paheographical evidence he has further 
shown tlial the Kamhoja occupation of some jiarts 
of Bengal, referred to in this copper-plate and in a 
pillar-inseriplion founu at Bangarh. is to lur attributed 
to the loth century A. n., i. e., lo the ])eriod before the 
accession of Mahiptila 1. Ki'garding the problem of 
the Kamhoja occupation of Bengal he has referred to 
some late literary evidence which proves the aiithciiti 
city of Kamhoja oeeupalion of north eastern Jnilia. 
It sf'cms that this problem should be more thoroughly 
studi(‘d by some eiithusiastii* Indologist. 

As regards the identiticalion of the localities men- 
tioned in this record it should be spi'eially nottsl that 
we know', for the first time, from this copper plate 
that Parddhamana-hhnkli had a mandala called 
Dandahhnkii. This infornialioii confirms the view 
of the late Prof. R. 1). Banerji that Danda- 
hhiikft was situated in the south-we.st of Bengal 
and i.s to be identified roughly with Midnapur and 
Bala.sore districts. According to the author Brhai- 
Chhattivanna is to be identified with a place called 
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C’liliatina on the; Suvarna-rekha hrtwfrn Hrlyalu'ra ami 
Nayabaslian. Prit/antfu, Iho capital of this royal 
family, remains unidentified. 

(\ C. J)ax (ittpftt. 

Morphology and Embryology of Fouquieria 

JoiiANSKN, Donami A. Jour. Hot., JJ, 

*)5 *)«), 

'Die genus Fouquieria belongs to the family b'ou- 
quieriaeeae iiieluded under the order Tamarienles of 
Hutehinson. 'riirc.c species were investigated: F. splrn- 
deuH, F. prninsularis and F. hurratjei. 'I'lie develop- 
ment (»f the embryo sae proceeds a<‘<'ording to the 
.Idoxa scheme (the old ** Lilium-lypv” ) but all H 
nuclei are f<irmcd only in F. splmdens and here also 
in less than 50% of the eases. Usually <iiily one of the 
f<iiir megaspore, nuclei (a iiiicropylar one) divides 
further and forms the two synergids. 'riie third 
iiuehuis gives rise to the egg, while the tw<i (‘halazal 
fuse to form the seeodary nuehuis. In F. spirndeiis, 
<i-nueleale embryo sacs also occur, arising from tlu* 
ilivision of both the mieropylar nuclei of the 
I nueleah* stagt', but s(»me of these were found it) 
(‘ontain no egg cell. The presem*e of a larg<‘ haiisto- 
rial arm and a cap-like epistase is common to all 
three species. Fertilisation and development of the 
embryo, both entirelv normal, are described in detail. 


'rile condition rejiorted by Dr. Johaiist'ii is of very 
great interest but recently Dr. J. Maurit/.on 
of Lund has also studied one of these speeitvs 
(F. xpJeiidvns) and he reports a normal embryo sae 
arising from the lowi'st megaspoiur of a tetrad. Such 
an important ditferenee between individuals of one and 
the same species is possible hut not verif probable. 
It is desirable that both «»f these investigators study 
the ])lHnts afresh and find out the cause for the dis- 
crepancy. 

P. Maheshwari. 

Toxin in Badly Stored Rice 

Use of rice stored up in dark dingy godowns in 
the hot huinitl atmosphere of ('aleiitta during the rainy 
season is said to be n*sponsible for the prevalence of 
epitlemie dropsy amongst the rice -eating population 
of the city. X. M. Hasu and S. It. .Mitra, (,/. /. C. S,. 
hi. hav(‘ carried <iut an intt’resting piece 

of research in sludyivig the i-tTeel of beat and moisture, 
on tiiilh'd and /)//eaA'f-h idled rice side by side. Rice 
was ki‘pt in an incubator at !)2^^F in an atmosphere 
saturatt‘d with moisture. It was found that amino- 
nitrogen in milled rice increased eonsidiTably during 
the experimental period and that there was growth 
of soni(‘ organism in it, whert'as in the Dheuki- 
hulled rie<‘ tluTi* was no siu‘h organic growth 
and there was only very little increase in the 
am i no- n i t rogen cam tc‘n t . 

//. A'. li. 
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Royal Asiatic Society of Bengal 

All (irilinary iiKiiillily iiirrliii^ of tin Hoyal Asiatii* 
So('i(‘ty of was Inltl on Monday, llic .*ird 

August, ai r>-;{U p.m. 

'L'lir following (■andidat<s wrn* liallott-d f<ir as 
ordinary iiifinlurs: 

(1) MftnfHtaIn, Ff. m.a. fHist. Allahabad ). 

^f('mll('r, Ptdiiiari Instiluti*, 'IVa<*ln*r, forim riy History 
I.fflun*r, Agra r<dli*gr. 

(!i) (iantfofilif, F^htniindra f.a!, m.a., I.rcUirfr in 
Matiu‘ina(ii‘s, ('aliiitta I’nivorsily. 

(a) Snrh'ar, Fit jail Fhdiari, M.st*. ((‘al.), n.sr. 
(Kdin.), F.ii.s.K., lA'fliim* in IMiysiology, (‘alcntta 
l;niv«'rsity. 

Thr following paprrs wfrr rrad : 

1. CVii.. I. I'lioii.ANo iiK Mr.i.i.o F'urtht'r Von 
frihutions to thf Stud if of //n* Fllood l^arnsUvs of the 
Fndian Fiirdxf lotffthrr tcHh a F/ist of the FF emopara- 
xitex hitherto reeorded. 

In this pap«T tin* autlmr gives a t'oinplrte list «»f 
tin* Hcinoparasites ret'ordi'd from Indian birds and 
disnisses their classification and relationships. In 
addition, he dcscrilu's a niiiidu’r of new s]n‘'.‘ics of 
Ha'inoprotieds which he has studied in di-lail from 
Nova (ioa and other places. 

2. A. Hank».m-S.as’|'|{i The Xatfas in the drd 
and J/th Centuries .l.F). 

According to V. A. Smith the history of linlia in 
the Uni century A.n. is wrapped in obscurity at pn sent 
iinpcnctrablc. .Mr. K. I*, .layaswal clialicngc.s this 
view and endeavours to prove that there w'as a mighty 
Hbarasiva Naga empire from e. Ul ii.c. to 2SI' .A.n. 
that merged in the Vakataka empire (e. I* A.n. to 
»*U*S A.n.). Mr. dayaswal's reeoiistruetion is based on 
two lines of a single inscription. After an examination 
of the evidences the writer eonebides "As siieli a 
llbarasiva Naga empin* must remain, pending further 
corroboration, a figment of the imagination". A large 
number of independent Slates flourished in Northern 
India side by .sidi* in thi* Uni and (he l•(h centuries a.ii. 
Tin? writer also eritieizes the views of Mr. .layaswal 


relating to the Nagas of Vidisa and in eoneliision di.s- 
(‘iis.ses the chronology of the other eontemporaneoiis 
Naga dynasties iiieliiding one founded by Nava. 

U. Sakaniva Skkiiau Saiikau — The Social Fnstitn- 
tions of the \Fal pahnrias. 

'rile Mal)>Aharias are an aboriginal tribe occupy ing 
the .southern portion of the llajniahal hills in the. 
Saiital Pargaiias who havt* adopted Ilinduism and 
most of whom speak a Ifeiigali dialect. Tin* Malpa- 
liarias of the Diimka sub-division are divided into 
eleven social groups or se])ts. Marriage tie is very 
loose among them. 'I'lie writer attribiit(‘S this to ex 
eessive alcoholism. 'I’he .\ralpaharias at pre.s<*nt use 
Hettgali terms of kinship of whi(*h a list is given. He 
also de.seribes the name-giving, marriage, and funeral 
rites of the tribe. 

1 . Savvio W'a.iaiiat Hi'sain - -./.;v?d Jiilffrtinti . 

In this paper the author deals with an exhaustive 
life history, and (he contributions to Islamic literature 
of as Sayvid (fhulam ‘Ali Azad bin as-Sayyid Null 
al-Husain! al-\Vasiti, otherwi.se known in the lit**rary 
world a.s Az/id Hilgrami. 

Azad’s early life and nativity. Seholastie career 
iimh'r .Mawlana 'Abd al-.lalil and Sayyid al-'Arifin 
.Mir Sayyid Lutfallah. Iiuierary in Northern Indian 
and Soiilhern India. Ae({uaintanee w'itli Nawwab Asaf 
.fall of Deeean, and subsequent enlistment as a .stdilier 
in his army. Pilgrimage t<i Mecca. Death. 

'riit* author gives a detailed list of (he works of 
A/.ad and marks him out as an erudite scholar and 
linguist with mastery in Arabic, Persian, Sanskrit, 
I'rdii, and Hindi, well w'd**!!! the appellation FFassdn 
a! -Fluid. He also points out that the literary activities 
of Azad were not confined to lingui.'^* 'ilone, but 
extendf‘d to a wide field inebiding liti '!• e, history, 
|)oelry. biography, and the Hadith, placing him among 
the foremost writers of his age. 

'rile follow’iiig exhibit was .shown arul eommeiited 
upon ; 

1. J. N. .MriiiiKH.iKK— ./ brass Utensil pierced 
hi/ F Fad stone on Sth yFareh, lJ)U(i. 

On (he 2Hli Falgun, lUi2 d.s. (8lli March, lllUd), 
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llirrr was a gust of wiiut aocornpaniod with slight rain 
which lasted alM)iil 10 minutes in the vicinity of 
Moiidalgrain, P. S. Satgachia, i)t. Murdwan. It took 
place at about 7-.*t0 p.m. Next day at ti .‘iO p.in. there 
was a severe hailstorm (Nor’ wester) in the locality; 
the unusual feature was the large size of the stones 
and the velocity with which they came down. Mr. 
Rabindranath Hhattacharyya, of tin* alnive village, 
who was coming from a neighbouring village, was 
caught in the storm and was ri'iidered unconscious. 
On regaining consciousness he attempted to reach the 
village but swooned again. Hi* was later rescued in 
time by some men. (lour Hagdi, of village Koshigrain, 
P. (). Nashigrain, P. S. Hhatar, Dt. Jlurdwan, and 
anolher jiersoii arc reported to have died near the 
same spot. 'Phe police, it is reported, removed the 
bodies. Mr. Hhattacharyva states that the stones were 
about a pound in weight. He tried to ])roteet liimself 
with his umbrella but be fell down and felt as if he 
had been struck by a log of wood. He was attended 
to by a medical man of the village. Dr. Anil .Miikher- 
jee. He was in a state of stupor till a.ni. and had 
temperature. The fever persisted for eight days 
and he was confined to bed for twelve days. It was 
re])orlcd that lirass utensils lying on the shaded 
verandah of houses in the village were pierced by the 
hailstones leaving holes as if they were struck by 
bullets. One of these brass utensils is exhibited. 
Haiieegunge tile roofs have also been broken through, 
Slones passing into the interior of the house. Palin 
trees have been denuded of their leaves and barks torn 
oil’ on the side on which the stones struck. As often 
happens in such storms corrugated iron roofs of a 
house were bodily removed. Some of these corrugated 
iron sheets have been tlaltened by the impact. 

The National Academy of Sciences, India 

'File ordinary monthly meeting of the National 
Academy of Sciences, India, was held in the Physics 
lA'cture Theatre, Muir College Huildings, Allahabad, 
on the ‘J9th of .July, lih’tii at 4 p. m. Prof, N. R. 
Dhar, President of the National Academy, was in the 
eh.iir. 

The National Academy of Sciences, India, con- 
gratulated its Foreign Secretary Prof. H. Sahni, n.sc*., 
se.n., F.U.S., on his being elected a Fellow of 

the Royal Soeiedy of l^mdon. 

The National Academy of Seic'iiees, fndia, express 


ed its great sorrow at the sad and untimely demise of 
Profs. K. K. Matliur and C. A. King of the Hindu 
l.diiversity, Benares, both of them being its founder 
Fellows, and i-onveyed a message of sympathy to the 
bereaved families. 

It was decided to award the Kducatioii Minister's 
(iold Mesial in Physics this year. 

The following ]>apers were read and diseiisscsl: — 

1. D. K. Shiikla, Lucknow : Din’ereiitiation of a 

detiiiite integral with respect to a Parameter 
in certain eases when Leibnitz's rule is not 
applicable. 

2. Bholanalli Singh St P. B. Matliur, Benares: 

Ap])aratus for the ineasureineni of resj)ira- 
tory c|Uotient in Plants. 

\. Puri. Delhi; An Anomaly in the FJastie 
behaviour of Indian Rubber. 

!•. .V. C. Roy. .Muktesar: The Diazo eompounds 

of Morphine. 

A. C. Chattirji, Lucknow: A Note on the influ- 
t'liee of lyopliilie colloids on the wettability 
of Naplilhaline. 

(i. A. C. ('hatter)i. Lucknow: The nuinerieal value 
of Traube's Factor from wc‘t lability data. 

7. .M. P. (iiipta and .lagraj Bihari Lai, 

.Mlahabad: Chemical Kxamination of the 
seeds of Physalis Peruviana of Cape* (lOose 
Berry. 

S. R. K. Chatter ji and S. Diitt, Allahabad: 
Chemical Kxainiiialion of oils from the 
seeds of (a) Crololaria Medicagcnea (b) 
Cassia Oeeideiitalis. 

!). L. 1). Tewari and S. Dutt, .Vllahabad: Dyes 
derived from ;i: t: .’t': 4' tetraamido- 
dipheiiyl. 

10. B. B. Biswas and S. Dull, Allahabad: Consti- 
tution of Hui>ranlhrene({uinone and its deriv- 
atives. 

The following were elected members of the 
National Aeadcmy of Sciences, India: 

1. .Mr. A. T. Dharain Dass, Allahabad. 

2. .Mr. G. P. Peiidse, .M.Se., (Lvalior. 

Calcutta Mathematical Society 

.An ordinary meeting of the Calcutta Mathematical 
Society was held in the Society's room, on Sunday, 
the Kith August, L0;ili, at 5 p.m. 
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(1) A portrait of laU* Prof. Garirsh Prasad, was 
iinveilrd by tlu* Prosidfiit of tin* Soi*i<*ty. 

(2) The* following pajxTs wm- read: — 

(a) N. N. Gliosli On a class of determinants 
having georiU‘lri<'al applit'atiofi.s. 

(h) A. C. (’Iiowdliiiry On Hedocibh' Hyperel- 
liptie Integrals. 

(c) C. X. Srinivasieiigcr— I.ines of striction on 
the (piadrie and on some other scrolls. 

{(1) S. Oliosh- - Plain Strain in an iidinile ]dale 
with an elliptic hole. 

(e) M. I)e Diillahcl (Stainboid) On a class of 
Integral Kcpiations. 

(/) A. Mdessner (Nurnlierg) Simiiltam* Ideiili- 
taten. 

Indian Chemical Society 

J. M. Das CircTA Mkdai. 

Applications are invited for the above Ciold Medal 
for Ui;td fn»m Ilesearch C'hemi.sts of any age. 'riu* 
award will be made on uripnblished resean'hes and on 
independent papers pidtlished in the Journal of ilie. 
Indian Chemical Soei<‘ty by tlu? candidates during the 
years IPJla and Application together with 

four copies of <'ach reprints or ty])cwritten [japers 
should reach the Sec*relary n«it later than .’lOlh 
September Relevant rules guiding the awani 

are given below for information. 

Uri.Ks 

1. 'I’he medal will be awanled <-very altcrnat** 
year. 

2. 'I’he date of award will be decided by the 
Council. 

.*{. 'I'lie subject of investigation shall relate to 
any branch of eliemistry. 

‘1*. 'I’lie medal shall be awarded to the «*andidale 
adjiidgtsl to be the best. 

5. Only unpublished researches or those publish- 
ed in tlu‘ Journal of the Indian ('hemical 
Society during the ]ieriod shall be. lakim into 
consideration. 

ti. 'Pile Council may from time to lime aiinounec 
any suitable subject for the purpose €»f this 
award. 


7. The Society shall have the right to publish in 
its Journal^ the whole, part or a modified form 
of tlu'sis for which the medal is awarded. 

S. 'Pile, medal shall not be awarded more than 
once to the same candidate. 

!l. \o paper on the presentation of which any 
other prize or degree other than m.a., or m.hc., 
has been obtained, will be accepted. 

10. 'Pile merits of the papers shall be judged 
either by the Council of the Society or by 
the Hoard of Examiners, appointed by it, 
whose decision shall be considered final. 

11. If in any year no prize is awarded by reason 
of no candidate having shown sufHeienl merit 
to entitle him to the prize or for any other 
(‘a uses, the income of that year may be 
utilized in awarding a second prize, in the 

next or in any subseipient year. 

Botanical Society of Bengal 

'Pile sixlh orilinary general meeting of the above 
Society was held on the 2Mh August, at 

5 -.*10 I'.M. in the Botanical Laboratory, C. IJ. 

'Phe following paper was read ; 

l)it. FI. K. Nandy -Chromosome morphology, 
secondary assot'iation and the. origin of the cultivated 
rice. 

University of Allahabad 

At a metding of the FiXeeutive Council of the 
University held on August H, last, the following 
appointments wen? made for the Law Department : 

Tzco readers -Mr, K. K. Bhaltaeliarya, m..m. 
(I^milon), of Calcutta, and Mr. K. U. R. Sastry, m.i.., 
atlvocate of Madras High ('ourt. 

One icholc-time lecturer — Mr. Lalla Ram 'Pewari, 
n.A., a lawyer of Partabgarh. 

Trvo part-time teachers- -The. Hon. Mr. P. N. 
Saprii, Bau-at Law, Allahabad, and Mr. Miiklitar 
Ahmad, advocate, Allahabad. 

Mr. S. K. Uudra, m.a. {Cantab,)^ Senior Reader 
in the Department of Economies, was appointed 
‘Professor’ of the Department vice Profes.sor C. D. 
'Phompson resigned. 
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Annual Bibliography of Indian Archaeology 
for the Year 1934. K ern Institutr, Lt'tfdcn. 

Pp, X-h and plates. 

'rh<‘ valiiablr Annual of Hit* Kmi Institiitr, of 
whirli the nintli voIuiih* is now before us, lias deserv* 
iiifjfly c'arni'd unstinted praise from all quarters and 
has won a unique and indispensable jilac'e in (he world 
of Indian areliaeolof^ieal researeJi. 'I'lie prt'seiit 
volume opens with Dr. (.\ 1.. Kabri's aeeount of the 
work done by the Arehaeolo^ieal Survey of India 
durin{< At Mohenjo-daro a small mound 

ill the l)k area, belon^infjr to the Late Period, was 
exeavated. On the basis of a seal with the represent 
tatioii of u bi eephalie animal. Dr. Fabri thinks that 
the so ealK'd unieorn is nothing; but an imajrinary 
animal. .Mr. Vats’ exeavations in the ‘Workmen’s 
(iiiarlers' at Harapjia have brought to li#t:ht a burnt 
elay sealing, bearing the effigy of a hornt'd man in a 
dnneing pose. Dr. Fabri ealls it a ‘Devil Daneer.’ 
We should note, however, that the horns often indi- 
cate divinity in ancient art, and that later Indian art 
and mythology make us familiar with the eoneeption 
of a daiieing god (Nnfaraja). Hut a definite jutlg 
meiit must be deferreil till a photograph of the seal- 
ing is available to us. 

The work done on this site of the aiieieiit 
Kurukshetra reveals the exisLeiiee of two strata, on«- 
belonging to the tliirleenlh and fourti'enth eenliiries 
and th(‘ other, the lower one, to the third and fourth 
eeiituries. The irnportanee of Kurukshetra in I he 
political and eultiiral history of India is immense and 
we may expect that deep digging will expose some 
earlier .strata. Dr. Fabri further mentions the exea- 
vulions done at Paharpur, at Nalaiida, where some 
cells show clearly the shape of well-built true 
arches, and at Hijai Mandal in Delhi, the ri’inains of 
which are identified with the Hall of Thousand 
Pillars mentioned by some Aruhammadan historians. 
The discovery of dolmens at Pitialgaon (District 
Hhandarn, C. P.) and at Chettipalaiyam (Distriid 
Coimbatore, Madras) is ver^* interesting. 

In the Numismatic Notes, Sir Richard Hums, 
examining the case of a Afauryan coinage, rejects the 


proposi'd readings of .Mr. K. P. Jayaswal and com- 
))lains of the unlii'althy practice of drawing 
eonelusions ‘by picking out names from ditVereiit 
series of aneieiit coins, a method which negh*ets the 
eviilence of liiid-spots and epigraphy.’ Among the 
acquisitions of the Mathura .Museum, mention may be 
made of a iliri'c-headed imagt* of Vishnu with a 
lion’s ht‘ad on the propter right and a boar's head on the 
proper h ft. At .Maski, famous for its eilicts of Asoka, 
the Areliaeologieal Department of the Nizam’s 
Ciovernmt'iit did some excavation, as a result of which 
it is suspect(‘d (hat the plaet* was the abodt* of the 
neolithic man for a coiisidt'rabh' period. \t Warangal 
a co1oss.al but untinislied temple with exeelhmt carv- 
ing has been found. 

In Ceylon epigraphit'al liiseoveries by tin* local 
.Vrehaeo logical Detiartnu'iit prove Inter alia that the 
royal title ffamani goes back to at least the third 
century ii. c . 'I’lie clearing of the debris of a stupa 
at .Mihintah* shows that tin* stupa was a monuineni 
of great arehileetural importance. 

In tii(‘ se(‘tion on Indonesia, Dr. Robert, 
Frt'iherr von Heine (ield(‘rii c‘ontributes a remarkable 
article on the Pre historic Culture in Indonesia. 
As, owing to the prt'senee of .\ustrie spt'aking peoples 
all over India, tlu* question of Indonesian pre-histories 
is of great importaiiei* to Indian archaeology as w^dl, 
a stiiiimary of this rather long article is given 
elsewhen*. 

It is hardly necessary to dilate on the merits of 
the bibliographical portion of the book, with its 
thorough c*lassifieation, richness of details, etc. We, 
however, feel constrained to say that *t is rather 
poor so far as articles published in Indian vernaculars 
are eoius rued. Only a very limited number of 
Hengali and Hinili periodicals have been utilized, 
those in other vernaeiilars being altogether neglected. 
We draw the attention of the editorial board to this 
fact with the ho])e that eiVorts will be made to rectify 
this shortcoming. 

We note with great satisfaction that some of the 
jmigressive Indian States have been generously giving 
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firifiiu'ial nssislaiic‘ 1 * li> tiu* K**rn Institute. In llio 
Forrwanl Pn>ffs.sor also i*»*for«Is I hr in<lrhlrtl- 

nrss of tin* Iiislilulr l(» Dr. H. (’. I. aw, Nir rrilowncal 
scholar of Calriitta. 

(ihosh. 

Modern Radio Servicing Ilif A. A. (ihimrfii, 

puhlishn! hi/ liatliti and 'I'rr/iniral I*iihlisliint/ ('ii., 
Jfii, Astor J^lacr, /tid/i. I*rici‘ iiJ/.Oit. 

'I'hr prcM'iil hook is an nilirrlv rf'wrillm and an 
enlarged edilion of liu* author's small book Radio 
Sfrx'it'intj Conrsr. It eoiiLains I ,:i0() pages and 70(5 
illiisirations and is one of Ihe best l>ooks on the sub' 
jeel. 'I’he book is dividtal into !■ parts. 

Part 1 is spread over ItiT) pages and eoiilains a 
detailed study of various types of testing inst rinnetits. 
Complete details are given for the eonstnietimi of 
ohinmeters, set analys»*rs, eapaeity meters, output 
meters, test oseillatiirs and other useful apparatus. 
In addition to this there is a fairly good deseriptioii 
with diagrams of several eommereial measuring instrii- 
mt'iits pul in the markt'l by .\meriean firms. 

Part 2 consist s of about Ifd) pages, and deals with 
till* practical servicing of railio neeiv< rs. 'i'he auto- 
mat ie volume control, silent tuning systems, and vari- 
ous methods used as resonance indicators are des- 
cribed in iletail. Practical hints are given for loca- 
ting faults in radio reeeivi'rs. A fairly exhaustive 
chapter eoiisisling of about hundred pages deals with 
aligning of siiperhelerodyiu* receivers. 'I'he use, of 
calhoih‘ ray oscillographs for re«'eiver adjustments is 
also th'all with. 'I'lie oscillograph and its assoeiale<l 
(‘({iiipmeiil is fairly well described. iV »-hapter is also 
dt'voted to th<‘ re|)air <if indi\idual radio components. 

Part U deals with specialixed servicing ])roblcins. 
'riu re are chapters on Autji Radio, and MariiU' Raditi 
rc'i'civers, s<‘rvieing <if all wave n-eeivers, eletlrieal 
inlerfer*‘iiee, high fidelity receiver prohlems. In big 
industrial <-ities eonsiderabh* trouble is experieiiee«l 
from man made static due the considerable, use of 
various electrical appliances, such as lifts, refrigera- 
tors, mot<ir pumps, trams, elc.^ etc. The chapter on 
electrical interference explains how such troid>le, 
arises ami what steps <*an be lakt'ii to avoid the 
trouble. Various types of interference eliminating 
aerials are also tlescribcd. This chapter should 


pr<ivc very interesting to both the service man as well 
as to the listeners. 

Part I* cmitains charts of data of various types 
of glass as well as metal American lubes. 

The book as a whole is vt'ry interesting and should 
prove very usefid to all interested in Radio. 

a, R. T. 

Radio Field Service Data — /!// A. A. (ihirardi 

and H. A/. Rrerd, puldished hi/ Radio Technical Pnh~ 
lishinf/ Co. %!./)(>. 

'Phis bo<»k is a supplement to the Modrrn Radio- 
Svrvit'int/. It eontains a large amount of information 
almul American rec-eivers such as intermediale fre- 
rpieneies, radio tube eharaeteristies, and tube socket 
<‘harls, R. M. A. color code etc., elc. 'Phere are 
tabh's f<»r copper wire, resistance wires, frequency 
wave h'ligth and L (' conversion. 'Pile book is a 
handy volume and should prove vi’ry useful for 
s<TV icing of American receivers. 

a. R. r. 

Race, Sex and Environment Jii/ J. R. dr la 
if. Marelt, II Htchin.son, London pricr dis. nrt. 

'Phe author of this book is the son of the famous 
Rec'tor of Ihe Kxelc*r College whose retirement has 
Just taken place. lie was originally a student of 
animal husbandry with a good working knowledge 
of geiuMies, soil science and other associated sub- 
jects. Being early influeiu'ed by Sir .lohn Orr’s 
Minrrals in Pastures, and C'rt'w and (foldschmidt's 
researches in Inler-si xualdy he thought of applying 
siinilar principles to ext)laiii the course of human evo- 
lution and look the diploma in .Anthropology givt'ri in 
Oxford as a jireliininary general training for his work. 

'Phat environrneril lias played a determining part 
in the evolution of animal and human races has long 
been reeogni/.ed, but exactly how this has been 
brought about has not been investigated. 'Plur author 
has attempted to find this causal nexus in Mineral 
I)e(i<*ieney and has siiiight to explain the differentia- 
tion of Man into local types or races as a result of 
the economy of the mineral contents of the soils in- 
habited by him. 'Phus liiim deficiency of humid 
r(!gion.s eiieoiiraged femininity by reducing the mass 
of the skeleton (p. 20), and abundance of ealeium 
and phosphorus in arid tract on the other hand has 
fostered the development of robust skeletons as in 
the Neanderthal Man, but the iodine shortage of these 
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regions again favoiirrcl fcK'tali/ation. Hiiinaii rarcs, 
ill tli(‘ author's opinion, aro UuTi'fon* due to a mixture 
between a liypotlieeated Northern or Palaeantliropie 
type with powerfully built lunly and adopted to a 
lime rieh arid eoiintry and a more feminine hut ({tiiek 
developing Southern or Neanthropie type iidapted tt) 
the deealeified soils of the tropical moist tsuintries. 
'rids mineral defieieiiey of the sjiils has further tu*en 
advarieed as an explanation of (he often ohserv<'tl eor- 
ridations between the tlilfereiiees of b<idy and eliarae- 
ter. 'I’hiis the foetali/.ati<in of man — whi<'h is the 
result of iodine shortagt* "is responsible for the inhi- 
bition of iiilra-groii]) ))iignaeity" and sexual seletdion 
determined by mineral defieieiiey is thus made to play 
an important part in the natiirt* of Oedipus Comph'x. 

'I'lio attempt to explain the development of man 
and his eiiltiire as a <lireel result of environmental 
eondilions has imdoubtf'dly mueh to be said in its 
favour and the author's suggestions in many places 
an* thought provoking, but in going through the book 
one is struck by the altogtdher imagiriativt* character 


of the work and the **ireets to mask the weakness of 
facts by wish thinking hypotlu ses. for iiistanee. aris- 
ing from a eommon Neanlhnipic- pygmy aneesiry the 
Hiishmeii became dwarf by being "speeiali/ed l») desert 
eondilions" which howevi r are arid and rieh in lime 
contents and I he Negni beeanu- one of tin- most stal- 
wart rac4*s of the world by la'ing ‘"enlarged «lue to 
the better I'ondilions ttf the tropical park binds" 
(I*. ) ! 'I'lic author is apparently unaware 

of thest* (‘onlradictions for which explanations like 
"unmasking of obi cbarac-tcrs" and hy])othctical racial 
mixtures arc convenicnl ly brought to his rescue when 
i‘ver he finds himself in a tight corner. 

In the opinion of the rc\ ic'wer. insteaii of attempt' 
ing to ixplain the whole coursi' of human evolution 
the author wonbi have been better advised to study 
the elTeets of mineral shortagi* on a selected group of 
peoph* in a partieidar region about which the iieeivs- 
sary tiata an* available, in that way In* woubi per- 
haps have made a belter ease- for his theories* than 
by the speeubilions l.i* lias indulged in. 

H. S. (iuhd. 
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Letters to the Editor 


On the ('onslilution of cm tVkl 
isolciteil from I>iiiecipj)le 

In course of preparation of Vitamin C from pineapple 
(i^wcinaa srt/ira , I-*inn.) Dr. B. C. Guha and Mr. A. H. 
Ghosh isolated a crystalline acid which they kindly placed 
at our disposal for the determination of its constitution. 
The crude acid, of which only four grams were available, 
was repeatedly crystallized friim hot water when it 
formed paJe cream-coloured plates, m.p. 120* -126“ (not 
sharp). The acid was fiptically inactive and did nut de- 
colourize bromine water. It was indifferent towards 
ammoniacal silver nitrate solution, ferric chloride and 
Fehling’a solution. o-Dinitro benzene in alkaline medium 
did not develop any violet colour when heated with the 
acid thus showiriK the absence of —CO CHOH — group'. 
The acid did not form an oxime. 

Attempts to purify the acid by distillation in high 
vacuum resulted in the isolation of two substances. At 
about 90 V 0'()5 mill, a small quantity of a crystalline sub- 
stance (A), m.p. 7.S -80". sublimed and at 140 4r»* /O OSiiiiii- 
the major portion distilled over as a colourless viscous 
oil, practically no residue being left. This distillate did 
not solidify on cooling but became crystalline in contact 
w'ith w'atcr. When exposed to the atmosphere it crystal- 
lized only superficially showing that water played some 
part in the crystallization of the distillate. Crystallized 
from hot water it melted at 121 23' (B). This was a 
neutral substance and its aqueous solution could be kept 
unchanged for days. It was believed to be a lactone. 

The product (A) was also found to be neutral. To 
find out whether the substancre (A) accompanies the 
original acid as an impurity or not, the crystallized acid 
was repeatedlj’ washed with cold ether, in Avhich the sub- 
stance (A) is easily soluble but in which the acid is 
sparingly soluble. The residiie. after removal of ether, 
was sublimed in vacuum when a crystalline colourless 
substance pa.ssed over at about 90 / 0 05 mm. and melted 
at 80". This was found to he identical with the substance 
(A) previously isolated. The acid, which had been freed 
from the substanee (A) by ether, gave on distillation in 
vacuum only the lactone (B). It is therefore clear that 
the original acid even after several crystallizations from 
hot water had retained a erystalline substance, m.p. 80°, 
as an impurity. The pure acid melted at 12i5 -27" (not 
sharp). From potentiornetric titration it was found to be 
monobasic, the equivalent of acid being in the neighbour- 
hood of 240. Analytical data agreed with the formula. 


was heated w'ith alkali on the water-bath and the excess 
of alkali titrated back with acid we got a value which 
was three times the titration value of the acid at room 
tf*mperature. This shows that on alkaline hydrolysis two 
— CO»H groups are set free. We could not however iso- 
late any of the products of liydrolysis as the quantity of 
substanf.'e at our disposal w'as not enough. The partial 
formula of the acid, assuming it to be a methyl ester, 
becomes therefore 

( —OH 

S -CO.H 

or i'lH. \ — CO.CH, 

I — co-o- 

V-OCH, 

It cannot bo a dirnethoxydil.actonic acid as this supposi- 
tion demands nine oxygen atoms in the molecule. 

The clue to the constitution of the acid was furnished 
by a methyl derivative of the acid obtained by the action 
of diazomethane. The resulting compound was neutral, 
melted at 79" and was found to be identical with the sub- 
stance (A) isolated from the crude acid in small yield. 
This substance from analysis and other properties was 
definitely identified as trimethyl citrate. The acid must 
therefore be a dimethyl citrate and indeed agreed in pro- 
perties with symmetrical dimethyl citrate. The identity 
was finally established by comparing our acid with a syn- 

CH,. 0),LII, 

I 

nGHJCo.H f- ][,() 

CH,.CC),Ln, 

(I) 

thetic spocimon of dimethyl citrate (I). The synthetic 
acid al.so passed into a stable lactone on distillation in 
high vacuum, the crystallized lactone being identical with 
our substance (B). In view of its stability, the lactone is 
prcsiiinnbly to be given the constitution (II). 


CII..CO,.CH, 

()-C() 

CH,.C(),CH, 


l:< >C’ 

r 4-111,0 

CII, C(),.CII, 

O CO 

CM, CO, CH, 


(ID 
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Calcutta, I. 8. 36. S. N. Bhattacharyya. 

1. Hose, Sieit. Arnil,^ 110. 1932, Den/.oiti 

also responds to the test. 


I (^il 

CO.CH, 

—CO.CH, 
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Preliminary Mote on Clerodin from 
Cl erocl end ron I n f o rtu n a t u m 

Indian Bhat--C. infnrtunatum- is a common medicinal 
plant extensively used in ayurvedic practice. Two crys- 
talline organic principles have been isolated in the pure 
state from the leaves by extraction in liKht petroleum 
ether. 

(1) One of these is bitter and is crystaUizablc from 
organic solvents in colourless needles. 

(2) The other is not bitter and is obtained from the 
residue left after separatjon of the bitter sub- 
stance, in hexagonal plates. 

A preliminary note on the bitter substance is ^iven 
below : — 

Shape Crystalline colourless needles. 

Solubility — Easily soluble in or^vanic solvents j^onerally. 
Very sparingly soluble in water; saturated aque- 
ous solution at .30 C contained 0.06 grams in 
100 c.c. 

Melting point— IfiCC 162 C. 

Specific rotation in alcholic l> • \ 

solution - I I 

Kcsults of rombUNtion Analysis L J {) 

Carbon - 70.46. 70.42 

*/> Hydrogen - 8.19, 8.27 

Sulphur, Nitrogen, Phosphorus. Halogen etc, absent. 

Moleeiilar weight found by Rast Method -212, 217. 
Whence, Molecular formula- CiaHisOi 

Theoretical values for carbon, hydrog<'n and mole- 
cular weight from the above. C 70.27'>J 
H - 8.19't 

Molecular weight -222. 

The anthelmintic property of the bitter principle was 
tested by the following physiological observations : — 

Earthworms plaee<l in aqueous solution .show eontrac- 
tion immediately, becoming completely paralysed within 
1 minutes and die within half an hour. 

Tadpoles die within 15 minutes. 

Tubifex, Kotifera and Vorticella become crmipleldy 
inactive within an hour. 

Amoeba and protozoa were found to be rather resist- 
ant. 

Worms obtained from the intestines and the perito- 
neal cavities of fish wen* Uilled by the aqucou.s solu- 
tion of the bitter substance within 7 minutes. 

No haemolytic effect was observed in normal saline. 

Puller details of the complete invest igation will be 
published in the Transactions of the Bose Research Insti- 
tute. 

Bose Research Institute. Hirendra Nath Banerjee. 

Calcutta, 5. 8. 36. 


liroino- ami Mitro-Dcrivutives of Z^yaptinin 

Ayapanin is obtained from Eupatorium Ayapana, 
vent'. 

Pibromn-tii/apuHin. CivKsBrst^t, is formed by the 
direct action of bromine on .ayapanin in the dry stale or 
when ayapanin is held in suspension in water or in solu- 
tion in organic solvents, 'fhe pure dibrorno-ayapanin may 
tM> crystallized from acetone solution in radiating needless. 
whif*h are brownish in colour, and melt at 

248 C 249 C. The reaction may be represented by the 
following equation ; 

f ’lIHr 

Total quantity of bromine used up in the reaction, as 
also the amount of hydrobromic acid formed have been 
determined. The amount of bromine in dibroiiui-ayapanin, 
estimated as AgBr, giv(*s theoretically correct figures, 
within limit.s of experimental error. 

0.(M76 gram Oibromo-ay.-ipanin gave 

0.0177 gram Agllr. theoretical figure being 0.0176 

Molecular weight by Rast met hod. found 379 

Molecular weight calculated, Uieoretical - 376 

Mononitro-anapnuin CisHt.()iNt)a, is formed when a 
solution of ayapanin in a very small ciuantity of concen- 
trated sulphuric .acid is gently w.'irined on a waterbuth 
and treated with sufficient qii.'intity of eorjcentrnted nitric: 
acid and the mixture is left over for 24 hours. The nitro 
compound scqiarates otit and is purified by washing with 
water. 'Phe substance is slightly yellow' in colour. fSently 
heated, the nitro compound melts to n darkish coloured 
]it|iiid. giving fumes with a sweeti.sli odour .'tnd t.'istc rc- 
c’ulling the smell of nitro-benzeiie, ultiiiuitely burning off 
with .a smoky fLanie. 

The amount of nitrogen wa.s e.stimated and found tu 
corrc'spcmd to the moiio-iiitro roniiiila. 

Molecular weight by Hast method, found —259 

Molecular w'oight crtlciil.'ited, theoretical --26.3 

Other results and fuller details will be puhli.slied in the 
Travsacfinnx of the Ho.se Ib?se;ireh Institute. 


Bose Re.searc-h Institute. K. N. Bose. 

O iUutta, 7. K :jl). N. C. Nag. 


I. Nag. X. C., and Bose*, K N,".\n Organic rriiic'iple 
i/r Ku iMitorimn Afjnpaua. Vent. Trans. Hose Res. In.st, 
8 , 195 - 198 ., 1952 33 . 
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Tlic K’ficitil niTinilif-s of the Inluibikinls of 
the Iv\ijincih(il Mills 

Rinrn tho oponinw of tho soction of Anthropology in 
this Institute, systernstir anthropometric invest ij'attoriH 
on the niundiis and the Oraons wore cnrrii?d on by tho 
late Dr. P. C. Hasu'. and on the inhabitants of the 
Kajmahal Hills by the present writer. Tho hill people 
of the Rajmahal Hills have boon troaied in three Kroups; 

1. The Hill Malers, who arc still in a primitive 
slate and live on tho hill tops; 

2. The Plains Malers, who have eomo down to 
settle on tho plain.s. 

3. The Malpahariaa^ wln) are now separated from tho 
parent stock of the Malers and have boon lar>;ely exposed 
to Hindu influences. 

From an anthropometric stmly of the above fhro<* 
Ki’oiips it is seen that both in physical features a.s well 
as in culture it is difficult to separate one fmrri tho other. 

The Oraons of the neiKhUourinj? Chota Na.ijpur Plateau 
speak a Uravidian ton>:uc like the Malers and it is held 
on this t'rouiid and on the identity of a few other cultural 
traits that they are closely relato<l'. Kroin a comparative 
study of the physical features of th(5 Malers and the Oraons 
it is found that the Oraons are taller than the Malers; 
in the hreadtii-heiKht index of tho head tho Oraons boin^ 
largely tapoinocephal whereas tho Malers acrocephal; 
the nose of the Malers is more platyrrhinc than tho 
Oraons; the fnce of tho Oraons is mesoprosopic whereas 
that of the Malers in euryprosopic with a large percentage 
of disharmonic faces, and the epicanthic fold of Ihc eye 
is not unooininon among them. Tho latter two characters 
are rare among tho Oraons. Tho Malers possess a darker 


skin colour than the Oraons and there is considerable 
difference in the eye colour as well. 

Tho dissimilarity in the cultures of the two groups is 
also very groat. The Oraons have a long list of exo- 
gamous clans whereas the Malers have none. If the 
Malers and tho Oraons had separated from (me parent 
sto(‘k. ont* wonders how such an important social system 
happened to be forgotten among the Malers only. Traces 
of dual organization'* are present among the Malers, 
whereas they arc not found among the Oraons. It is true, 
of oourso, that a large number of social institutions are 
falling into disuse among th(* Malers but traces of the 
old oiistoms are yet discernible in thidr social system. 

In view of these considerations the present writer is 
inclined to think that the Malers and the Oraons are two 
upv.ards thrusts of two different Dravidian-speaking 
peoples from the south and they never came into actual 
contact with each other. 

Details of the anthropometric observations and the 
Mal(*r-Oraori affinitir's will be published in the Tian- 
ftarthnm of this Institute. 

S. S. Sarkar. 

P.o.se Ivcs(*arch IiKstitutc, 

Calcutta. 12. S. .‘Ifi. 

1. Ilasu, I*. C. ■ Tran siirt hots of tlif! Hottr RvHvarvh 
InstifHtr, V(»ls, Vnr a IX. 

2. Snrkar, S. S. ■■ Tlie Origin of the Malpah.inas, ivtliau 
Historical Qnarttirhf, !*, No. ]>. SS(», 

X koy, S. C — The Draons^ Rohchi, p 10, I'M.V 

4. Haddon, A. C.— Introduction to 77/ c Oraons by S. f. 
Koy, Kanchi, p. xiii. I'h.S, 


SCIENCE & 
CU L T U R E 


164 



Obituary 


Dr. Pcinchuncin Mitrti 

Dr. Puiirliuiiaii Mitra, Hoad of I hr Dt'partinmt 
<if Aiithropolof; y, C'ali'utta [.’iiivrrsily, died s'iid<l(*idy 
oil .July 2r), of inrnin^itis at his C'alriilla rrsidriirr at 
an rarly a^r of forly-iivc\ In his drath Indian 
anthropology in ^^eiirral alid prrhislory and riillural 
anthropology in parlirular havr sustaintul a srvrrr and 
alinosl irrrparahlr loss. 

Hr was horn on Ihr ^ath ^^a\^ lSf)2, in thr Xfitra 
family <if Hrlia^hata. a suhiirh of (*alriitta. wi-ll- 
kiiown in th<»s«- davs for thrir (‘atholirilv i»f outlook. 


in Ihr First Division. Aftrr passiiifr ihr M.A. 
I’.xaiiiiiiation in IHI 1 in Fnglish with liislinrtioii hr 
wtirkt'd ill th(* Man^ahasi Collr^i' as a Profrssor of 
Kn^lish l.itrratiirr for a period of 4 years ( IStl.'j — 
H)!!);. Indian anthropology was then in a very ill' 
fantih* sta^t*. And thoii<j;h it must havr hern a very 
11 } hill work to hr familiar with |)rrhistory, an un 
Irtnldt'ii lirld in Indian anthro|>olo}j:y then as it is 
today, hr soon siihniittrd his thesis, riititlril Prc- 
htsittnc Arts ami Crufts, for thr miu’h rovrtril Prrm 
rhaiid Royt*hand stiidrntshj|>. His thesis was arrrjit- 
t‘d. and was lat(‘r puhlishrd hy tin* t'nivrrsity in a 



Dr. PaiK'haiiaii Mitra (I.S02— l‘).5i)) 


^jji-nrrosity and wiilr learn in^. Hr was thr «*hlrsl 
son of Kumar LMayriidralal Alitra and thr grandson 
of Raja Rajrndralal Mitra, a rlaruni et x'rnrrahiir 
nomen in thr domain of Indolo^jy. 'I’o hr horn and 
hroujrht up ill this atmos|)hrrr of Indolof^iral and 
rlassirul Irarniiig was itslf a sutfirirnt stiiiuiliis for thr 
(‘xpunsion of his mental outlook. From his hoyhood 
hr had a passion for knowhal^r. It is no wonder 
thru that from his hoyhood ri^hl up to thr final 
L'nivcrsily Examination his rarrrr was he uni form - 
ly hrilliant. Hr graduated in IS) 12 from thr Ri|)on 
C’ollrgr, with Honours in English, bring plarrd lirsl 


hook form entitled Prehistnric fiir/'ui (IS)2.'{) whirh, 
in thr o})inion id' Route, "ought to lind a |)laer in the 
library of every |>nlaroanthro))ologist." .V few more 
lines from Roiilr's review iiirriL quotation. 

" Prehi.slorians of the NVrst will find something to 
learn from .Mr. .Mitra's work; it will widen their 
range of vision beyond the familiar hori/.on; it will 
ronipel them to ronsider aright thr new |)rohlrms, it 
will hri)) them to romr to a wider and, at thr same 
time, a more prerisr understanding of t|iirstions relat- 
ing to thr origins and drvelo|)nient of humanity. 
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He was absDrbt'd into Uit* Post (iraibmte Depart- 
ment of the University in HMSJ first as a leelitrer in 
Aiieieiit Indian History and C’ldliire, and when the 
Anthroptdo^y l)ej>arlineiit was started in 1!)2() his 
scTviees w<*re transferred to it, of whieh subsequently 
he beeaiiie the Head. 

'rhe year broiifi^ht a new ])hase in his 

eareer. The ehaiiet* visit of Dr. K. (’. (Vai^hill 
Handy of the llisliop Museum of Honohdii to Ualeiitta 
during the Indian Seieiiee C’ongress held in the early 
part of the year gave him an opportunity of visiting 
Ptdyiiesia and Ameriea. Dr. Handy's obje<-t of visit 
to India was to trac'e the origin of some of the 
Pidynesian eultiiral traits that, he believed, oiigiit to be 
found in India, the supposed centre of dispersal of 
the Proto- Polynesians. He found Dr. Milra to be the 
most capable (‘thnologist to aid him in his search for 
Indian elements in Polyruvsian eiilture. The spirit 
of ‘(f renter India’ brought liitn to this new field 
of work. Karly in 1929, at the invitation of Dr. 
Ciregiiry, the tlircetor of the Hi.shop Museum of 
Honohdu, he sailed for Homdidii and visited on be- 
half of the said museum the dilferent parts of Poly- 
nesia whieh gave him an aintile opportunity to study 
in sHn the Polynesian cultures. The results of his 
studies have been einbotlied in his monograph Indian 
Elemfniit in Poli/nrsian Culture to be fuddi.shed ns a 
memoir of the Museum. After the eomplelion of his 
works ill Polynesia, he joined the Yale University to 
w'hieh the Mishop .Museum is affiliated, and worked 
under Prof. Clark Wissler on the Ameriean methodo- 
logy in the inlerpreiatioii of '.Man & ('ulture.' He soon 
got the degree of Doebir of Philo.sophy on produelion 
of a thesis, entitled ./ ///'.v/ory uf American Anthro- 
palft(/tf, published in a book form by the Calcutta Uni- 
versity in 19;b*{. 

In him there was a curious blending of research 
organ i/.ing power and teaching capacities. Ib'fore he 
took over the charge of the Head of the Department 
in 19.'<2, organized research work in the d(*partment 
was in sad plight. Since his return hoim* from 
Ameriea in 1930, he put all his experiences gatheretl 
in course of his tour in .Vmeriea and field work in 
South Krnnee into action. Like Haddon in 
Cambridge, he organized "a tiamwork both in the 
laboratory and in the field." The best result of 
this organization of field W'ork, through the gener- 
ous financial help from Prof. Clark Wissler, was 


among the hitherto little-know'n tribes in Manipur, 
'rile investigation was undertaken by Mr. ,7. K. Hose, 
one of his best pupils, under the joint direction of him 
and Prof. Clark Wis-sler. It is to be deeply regretted 
that he did not live longer to .see the publication of 
monographs on "Aimoi Kiikis" and "Manings,” the 
products of the investigation. It was only in October 
la.st that he co-o[)t^rated with Dr. Helmuth dc Terra, 
leader of the Yalt* North Indian Expedition in 
Kashmir, and .sent one of his research .scholars, Mr. 
1). Sen, to take part in the Expedition. 

He was connected with many leanieti .societies of 
both Europe and America, e.g., Ameriean Anthro- 
pological Association, .Vmeriean School of Prehistoric 
Research, the Ko\'al .Anthropological Institute of 
(rrcat Rritain and Ireland. He wa.s invited by Prof. 
R. Riasulli of 1'lorcni‘e to contribute to the now- 
famoiis Italian Encyclopedia articles relating to 
Indian Ethnology. He was President of the 
Anthropology sec-tion in the Indian Sc'ieiiee Congress 
held at Patna in n)33, President of the Anthnqm- 
(ieiielies Section of the All-India Population Confer 
cnee held at LiieknoMr early this year, and 
Editor of the Anthropology section of the* ni'wly 
started /ianr/ipa Mahakosh, an encylo])cdia w’rittt*n in 
Ihmgali. Unlike many Indian professors, lu- iiscil 
to take keen interest in the social works. He was fi>r 
sometimes a member of tht‘ Calcutta Corporation 
ami also took active part in the relic I' works during 
the North Heiigal flood. 

He won the admiration of his colleagues, frii'uds, 
and students for his /mn/io/azc, and rightcoiismvss. 
His view of life was always markt'd by a robust o])li- 
mism, ami the ])resent w’ritcr who was intimately eon- 
nceted to him for many years, hardly reiiiemhers an 
occasion when he w'as in iitti^r depression. He was 
ever ready to help anybody who came to him for 
it. His death has removed from us not only 
a seiudar, but a fim* personality. 

./. K, a. 


Lt.-Col* I?. Knowles 

We regnd to have to aimoiinec the death of Lt.-C\#l. 
II . Knowles, c.i.f.., m.k.c.i*., i..h.c.p., i.m.s., acting 
director of the School of Tropical Medicine, Calcutta 
on August 3 last at the early age of /)3, of heart failure 
following gastric* hiemorrhage. 
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The Problem of Nutrition in India 


In liUK* with n worUl-wido iiwjikt'niiijr of public* 
(*ous(*ic*n(*(‘ lu povrriy atul iiialniilritiDU ns n 
scicMitifu* aiul social qiH*stiou, then* seems also to be 
a similar awakeiiinj? in this country, where this 
problem is iimloubtedly one of the acutest in the 
whole world. The nni)rece<lented economic crisis 
oT recent years helped to concentrate attention on 
this matter. On the one hand, it bronjihl out in 
bold relier the tra<*icf fc'atnre of modern social 
economy that in plethoric plenty people perish, 
that thoii.sands o1! bushels of wheat are allowed 
to be burnt, while millions ^-o hungry; and on tin* 
other, it was painfully realized that the ])rosperily 
of the industrial community itself was intimately 
bound u]) with the ])nrchasinji: power of the 
masses, that even protiteers shouhl take can* in 
tiu'ir own inteirst that the larjici* section of the 
people is not sucked dry. The speeches of Mr. 
Stanley Rrnce* and of Lord de la Waar at the 
Leaffue of Nations Assembly, to which reference 
has often been made, n'^ardin^* the ])roblcm of 
poverty and mal nut l it ion throiijihont the world, 
are, therefore, to be taken in the context of the 
crisi.s, which took the complacent ca])italist world 
l»y storm ainl proved that all was not well. 

India fits in this picture remarkably well. 
Durinji: the crisis her trade also contractnl pheno- 
menally. The proverbial poverty of her jjcople 
became more appalliiijr. Owin**; to the further 
lowerinj^ of tlie already low purchasin'^ power of 
the Jndinu consumer, the Indian market for 
torci^n (including J^ritish) manufactured j^oods 


also suffercMl a si*rious s(‘t-back. In India, ajfain, 
tin* state of poverty is bound up not merely with 
malnutrition but also with starvation, semi-starva< 
timi, and conse(|nent ili hi‘alth and all-round in- 
ellicii'iicy. This state of affaii’s is obviously jjood 
for nobmly concerneil. 

The ])roblem of adequate food, adeipiate both 
(pialitativi'ly and quantitatively, for India’s teein- 
iim millions, is one whi<*h calls for paramount 
attention from the administrativi* authorities, the 
constituted |)ublic bo'lies, the scientists, and the 
]»ublic. Food and nutrition ennstitute obviously 
the bed-rock of life, health, and eniciency. Prac- 
tically all civilized ( Jovernments, barrinj; that of 
India, have assunu‘d the res])onsibility of feeding: 
the people in their charge. They have fed their 
unemployed. Now tluw are turning their attention 
not merely to feeding them but feeding them well. 
They are ileteniiini*d to raisi* their nations to the 
A I standard. Things, however, have moved in 
this country ]•emarkably slowly, as usual. 

Credit is, therefore, due to llis Kxcellency 
Lonl Linlithgow for giving an energetic lead in 
tlie right «lirection in this country during the 
la.st few months. Lord Linlithgow was intimately 
as.sociate<l with and guided the activities of the 
llrilish Medical Research Council and of the 
Kmpire Marketing Hoard in England. The mal- 
nutrition of large sections of the working classes 
in Hritain from the standiioint of optimum nutri- 
tional standards, to which pointed attention was 
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(Irawfi ])y Sir ,l»>hri Orr, lias activity in 

lhal founlry and Lord Lirditlijrow has also hron 
assocdalril willi it. It is re-assuring, indeed, to .see 
liiin he^irniiniT to f>ive efVeet to some of the reeoni- 
niendations of tlie Uoyal ('om mission on Ajrrieul- 
ture, t)ver whieh he luul presided, so<m after the 
assumpti«>fi of olTfiee. 'Fhe deeision to estahlish 
institutions for animal nutrition and poultry 
researeh is an instanee in point. 

Co-ordination of Nutritional Work and a National 
Food Policy 

The question of huimni nutrition is intimately 
a.ssoeiated with those nf aj^rii'idi lire, animal 
hushamiry, and iiiihlie health. This is elear to 
all. Nevertheless, it is eurious that jiraetienlly 
in no eountry of the world has there been up till 
now any or^aiii/ed State* politw for eo-or<linatin;>‘ 
we»rk and information in tlu*.s<* different depart- 
ments and to effeetively apply the results to tin* 
improvement of tin* standard of lu‘alth and nutri- 
tion of the i)eo|)le. Aj>ri<‘ult ural policy, for in- 
stanee^ in all eountries, ineludin^ India, has been 
almost solely eleterniined by eonsideralions of 
n^rieultural eeoiiomies, prodiietion, market in^ ami 
so forth and hanlly at all by eonsielerations of tin* 
nutritive values of the fooel-emps, thoimh it is 
obvious that these food-erops are ultimately to 
be eaten by both the prodneer ami the jiurehaser. 
Indeed, the tpu-stion ed' food values has hanlly 
even eome umb‘r the purview of the Imperial 
Couneil of A^rieultural Keseareh, whiidi has been 
so far sponsoring: sehemes of ayrieullural researeh, 
related to produet ion, fertility, j»fneties, di.sea.se- 
resistanee, eeonomii* values, et<‘. Work on animal 
husbandry and dairying' has also been ^oin^ on 
in this eountry, tlmu**;!! not on a seale warrante<l 
by India's lar^e pos.s(‘.ssion of live-stoek, but this 
work has hardly been relateil either to the a»:ri- 
eultural or the p\d)lie health policy. Some of 
the researches eondmded under the au.spiees of the 
Indian Re.seareh Kund A.s.soeiation have been re 
lated to the nutritional problem, esi)eeially those 
earrietl <>ut by Sir Robert MeCarrison, wln» first 
pointed out the nutritional <lefieieneies <d‘ the <Iie- 
faries eommoidy (‘onsumed in Rental and in South 
India. Unfortunately, there has not been up till 
now any eoninion central board of eommitlee for 


eo-ordina1in^ all this work on ati:rieul1ure, animal 
husbandry, and human nutrition. Such a boar<i 
is neee.ssary to suj^Kcst, ^ruide, and develop a eoni- 
l)rehen.Nive course of researeh to be carried out 
rejfionally in all aspects of nutrition without omi.s- 
sioii or t)verla])piim', and what is .still more im- 
portant, it could helj) to form and mould a cen- 
tral State ]>oliey with re}*;anl to food and nutri- 
tifin, to be implemented by the ])rovineial (Jovern- 
ments. 

Tlie Indian Nutrition Committee 

The (M'eation of smdi a (‘eiitral board or (‘oni- 
niittee has been urycjl .several limes by Dr. H. 
(fuha duriim' the last four years and particularly 
at the (*aleutta session of the Indian Seienee (\»n- 
j*:re.ss in January. IJljr). It would .seem that a eom- 
miltee f(U* this pur|M»se, i?) ord«‘r to be authorita 
livi* ami elleetive, must imdude reiu'esmitalive men 
<‘onne«*tt‘d with nutritional i*i*.seareh, a^rieulture. 
public he:ilth, economies, :ind statistics. It woidd. 
as slated before, co-ordinate and jiuidi* nutritional 
rc.searehes in all aspects and make all of them 
How into one bi» str(‘am with the elear-eut object 
of promoting a btdtir standard of nutrition ami 
health amonj»’ the ])eople. It wmibl act as a i>ool 
iim* etmtre and (d(‘arin^’ house (d‘ all nutritional 
informatitui and actively take up the work td' di.s- 
.seminatinj'* tin* m‘cessary knowbsl.ire amono; the 
people. It shoubl fiuietion as a central board of 
reference for the (lovcriiment, tin* j)ublie bodie.s, 
and the public. It should, furthm*. etmstitute the 
liidv between the nutritional work in this country 
and that carried out abroad. Such a comprehen- 
sive pro^’ramme f)f work recpiires that this eom- 
mittee shoubl not be subsidiary to any partiiuilar 
re.seandi oi-»ani/at i«>n. metlical or a«rricultural. 
but, rather, alt or^ani/ations and individuals in- 
terested \i the problem of nutiation sliould feed 
it, with informatitm and unite under its auspices 
for <*xchanfTe of notes. Above all, it is e.ssential 
that in this important emistruetive w«)rk, all in- 
stitutions, whether woi-kinj; under the auspices 
of tin* (loverniiM'nt or universities or privately, 
should pull their weij^ht toi'cther; there should be 
no <li.slinction between “offieiaT' and '‘unofHeiar* 
in.stitutions. between “oHicial” ami ^‘unoftieiar’ 
w'orker.s. We rejiret to state, in passing:, that in in- 
augurating' the Nutrition Advisory Board recently, 
H. K. the Viceroy referred to the work at (Jovern- 
ment institutes but failed to mention the important 
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work (*arrio<l out at llie India ri liisliluti* for 
Modiral K(*s(*andi at Calc'ulta or at tho I'nivorsity 
of Dacca. Yet, it is notcwortliy lliat since llic pin- 
nocrinj? work of Sir Kolicrt McDarrison on pm- 
hlcins of liulian nutrition, the first sysleniatic 
survey of the nutritive values of Indian fooil- 
stiilTs and dietaries was taken iip at liie Indian 
Institute for Medical Kescarch, wliicli owetl its 
ori*»:in purely to ]>uhlic initiative. Many of their 
researches liave been ])ul)lished and cannot pos- 
sibly be ijiriored. Perhaps, II is Kxcelleney was nut 
nia<le aware of reseai'ch(*s carri(‘d out outsid(‘ 
(ioverniiient. itistitutions. This ^ulf b(‘twe4‘n 
( loViM'inneiit aiul non-t biverniiient orj 4 :ani/at ions, 
Avhich, in point of fact. uid)a])pily 4‘\is1s in this 
country, must be bridged in a (‘onst rn<‘1 i\ endea- 
vour of the present type, whose success, iinh'ed, 
ih'pends on the obliteration (d* such artificial dilTer- 
ences. Th(‘ central nutrition <'ommilI<‘e shouhl 
thus contain rep]‘es<*nta lives of all active institu- 
tions, inter('st(‘(l in this (piestion. ot1fi(‘ial or un- 
otlii'ial. It is to lie ImjXMl that the newly fornnsl 
Nutrition Advisory lioard, attached to tin* Indian 
Kesearch h'uinl .Xssocial ion, will activelv co- 
operate witli this central conii)rehensiv4* ct)i’imittee 
in furtherance <»f the comnmn object. This com 
mil tee should assist and be assisti'd by tin* Dovern- 
ment <lepartnients com-erfied, so that a central 
State piiTo'y, ami, if necessary, a central State de- 
part immt for nutrition and lu'allh may Ih* I roii^^ht 
into beiny. With tln‘ object of <lcvclopin*r such an 
authoritative c(‘nlral or^ani/atioii, the Indian 
Nutrition Committee was set up at the Indian 
Sciem*e Con^i’ess h<‘ld at Indon* in January Ifiihi 
at Dr. r». C. tiuha’s siuiji'estitui. It contained re- 
presefitati ve men drawn from various depart meiits 


and from various parts of India, all interested 
ill this (|uestion. It is to be hoped that this com- 
mittee will jrrow steadily into a more ])owerful and 
repres<‘ntative organization to which ail interested 
individuals and organizations as also tlie 
sub.secpiently formed .Nutrition .\dvisory lioanl of 
the I.K.P.A. should lend active assistance for the 
promotion 4»f the general weal. The I.K.h’.A., we 
mi^ht incidentally ur^>‘e, should (*\1end its finan- 
cial patromme to nutritional res(‘arch<'s wherever 
they are carried out, wlnUher in Government or 
non-( lovcrnnicnt inst it ut ions. 


Human and Animal Nutrition 

Finally, we must <'onnrat ulate the (lovernment 
on their incn^asiim' attention to this ur<>'(mt (pies- 
tion and on their d(‘(Msion to establish institutions 
for animal nutrition and poultry research at 
l/atnajiar. We d«» hope that this Avill be followeil 
up as s4)on as pns .ibb* by the establishment of an 
institute of human nutrition, which proposal is 
already afoot and was pul bu’ward lonjr at?*) 
by tin* Koyal Commi.ssion «m .Vjiriculture. Ihith 
nutritional work and the dissemination of niitri- 
ti«mal knowb‘tlji(‘ rejpjin* to Im‘ speedeil up. Model 
dictari4*s have to be ismsl ruct(*d, which are within 
the means of our impov(*risln*d masses and agricul- 
tural prai'tice should, to a ^r(*at t*\t(‘nt, follow 
nutritional n*(piirementr. .M4*an while, the pro<luc- 
tion of milk (yooil ipiality milk from well-ferl cows 
and buffaioi's) ne(*ds to bi* stimulatiMi. Milk is 
the one bmd which can, t«> a consiilerable extent, 
c4»rn*ct the ordinary <leficicncies of Indian <lieta- 
rics. .\nii if both (!overnnn*n1 and the ])eople pull 
their weight ttjyctin-r, w<* can r<*asonably ho|)e for 
bettei- limes. 
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Rothamsted Experimental Station 

S. P. Raychaudhuri 

Harpendan. HertH (EnRland) 


General Account with a Short Life Sketch 
of the Founder 

Ro'I'IIAMstkI) Stiitiofi, tin* oldrsi Ay:i*i- 

(Miltiir:il Institution in llu* worhl, is si(u:it(*(l in tli<* 


tlu’onjjjh (*('ntn]’if’s tn coiin*. In n.M'ojrnitinii of his 
cminont scr\ ioo In ;i^i*i<*nltiiiv, »Sir .jolin Lnwcs 
w:is tin* l•(M•i|)i<•llt r»f m;niy lnmoiirs :in(l distinc- 
tions in his lilV-tiinc. lie wns clcclcd :i Kcllow 




Sir J H. T/iwe-s. ISM — l‘WM) 

comity of Hertfordshire in Kn^Isnid, Jind is nearly 
tweiity-fivc miles north of London. 

The founder of the 
Institution, Sirdolm Hen- 
net Lawes, a. Ih-rtford- 
shir<* landowner, was 
horn on Deeeiiiher ‘JSlli, 

ISI 1, in lh(! Manor fami- 
ly of Rothamsted and 
was (Mhieated at Eton 
and Oxford. In IS.'H he 
entered into the jar^ses- 
sioii of Ins liereditary 
property at Rotlianisted. 

From this year he l>(‘j 4 an 
his brilliant (‘xperimental 
work.s ill Atrnenltiiral 
science and contiiniod it 
thi*on{;^hout his lonj^ indiistriniis life with far-reach- 
ing r(?.sults wln’ch will make Ins name* immortal 


>f th 
•ri'atcd 



Sir J. n. iVilhert. 1817— IWl 
Roval Soeiety in IS.')! and was 

h:ir«>net in iSS'i. Ih'diedat Ihithams- 
t(’d «>n Aiiy:iist .‘list, liMH), 
ill his St It 1 1 year. 

Although, however, 
miK'li Useful work had 
Iummi done in (*arlier 
days, the foniidation of 
lh(‘ station is nsnally 
assigneil to the year 

ISl.'h From that year, 

the l.-ihoratory experi- 
ments had begun on 
a systiMiiatic basis and 
from dune .1st that 

year Air. Lawes obtain- 
ed the service of a 
young ehemist, Dr. 




1‘irst Laboratory. 1 8-13— 1855 

•Joseph Henry Gilliert (later Sir J. TTciiry Gilbert) for 
managing the scientific siip<*rintendcnce of the ex- 
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ROTHAMSTED EXPERIMENTAL STATION 

porimonts .it Rothninstod. Siiu*e that linic» those* two 
illustrious ])crsoiis liavc workod togothcr till the 
dcatli of Sir John lisiwos in 11)00, a period of lifty- 
seveii years. 


I'p to the year iSoo tlie ljil)«>i'afory experiim-nts 
were earric-d rmt in the Ijarn lal)oratory. 'rheaerouinio- 
datioii there, was st)ou ioundt<il)e too iiiade(|iiate. and 
v<Ty appropriately tlie incniey whieh had h(*en raised 
hy many proniiiu'iit ajjrienltnrists to present a t<*sti- 
monial to Sir J. 15. I.awes in reeomiition of his 
servh-es to a^rrii’iiltiire was utilized in the const rm-tiiHi 
of a lab(n-atory. I'he Presentation Laboratory was 
formally opened on the IDth of July, ISm). Since 
its foundation the Kolhaiiisted Kxperimental Station 
had beem linaneed mainly by Sir. J. H. Lawes. hor 
tlie eontiiinaiiee of tin? invest ij^at ions after his death, 
he set apart a. sum of LI 00, 000, besides the labora- 
tory and certain areas of land, to a Ixiard of trnsti*es 
in 1881). 

T}ie fiftieth anniversary of the Rotlmmsted Kx- 
periineiital Stsition was celebrated in 181)3 and 
amongst the te.stiinonials given to Sir J. B. Lawes 


and Dr. (lilbert on this occasion tlnn-e were: (1) a 
granite memorial with a suitable inscription ereeti'd 
in front of the laboratory building, and ( J) ilinminated 
addr<*sses of emigratniatioii to Sir .1. B. Lawes and 
Dr. (lilbert signed by ii. n. il. tin* Prince ol Wales 
<»n behalf <.»f the snbseril)(*rs. B<*sides, there wen* 

many addresses from 
M*ii'ntilie aiul agrienl- 
tnral institutions from 
home and abi'oa<l. \ 
fortnight after tin* 
Jubilee* celebi'at ion at 
pot hamst(‘d. Dr. (lilbert 
r<*e«*ived the Imnonr of 
Knighthood. 

Jo.'«l‘ ph I (eiiry (iilb(‘rt 
was born on .August 1st, 
1S17, and received his 
(‘dneatioii at (ilasge)W 
and at the rniversity 
(NJlege, Ijoinlon. I !<* 
took **peeial interest in 
eliemistry. I b* took the 
d(*gn*e of Doctor ol 
IMiilosophy by working 
in tin* laboratory of 
Prof. Liebig at, (liesseii, 
(lermany. Sir J. II. 
(lilbert was tin* r(‘<'ipi- 
ent »d many Iioiioiiin and di'^tim-tions in his 
life-time. Il(* was e*leM*((‘el a l*'e*llow «d tin* Poyal 
So<*i(*ty in ISlIt), and in ISHT tin* eenineil ed tin* 
Soe'iety aw'arded )»> him, in eonjnnelion with Sir John 
Benin't Lawi*s, one of the Ibiyal Meelals. Sir J. II. 
(}ilb(*rt was ele<*t<'d a nn*nib«*r ol tin* (Mn*mieal 
Soeii*ty in ISII, tin* y«*ar «»f its lormation, and Presi- 
dent of tin; S«»eiety in 1SS:»-S:’,. lie di.*el e>n December 
11)01, in his S.')th year. 

Krom l0t)‘J to llMl? Sir A. D. Mall was the 
Director of tin* lvothamst«*el L.\p(*rinn*ntal Station 
and was sneeeeileel by Sir L. J«»hn Bnss(*ll, wdio 
has been the director of the station from 1!)1‘J up to 
lie present time. 

The present laboratory was erected in 11)11 cm 
the site of the older building built in bSoo. A sepa- 
r.ite, new buihling was built ni> in l!)-?b whieh 
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dcp:irtiii(‘iits of Phiiit Pntlmlo^y niul 
Kiitniiioliitry. this, MiKitlicr hiiihliii^ kii(»\vii 

jis the l^*d (i:il)l<‘s 

W!is taki'ii nv<*i* in 

iiio<l:it('s till' Iiii- 

prri;il l>iin>:iii of 
Soil Sciciifo. 

Tho s«*opi*, :it pro- 
sciil, of I:i)>or:itory iii- 
vc*stiy;:itioiis 
(»V(*r (Ullrroiil hniii- 
flios of phnit nutri- 
tion :in<l pliint <lis- 
i*;isr. 'riic iiinili <h‘- 
p.'irtinonfs nn* Cliom- 
islry, I^liysirs, l>ot:i- 
ny, Ihiotcriolony, 
iiKMitiition, Microl)iolo|Ty, Insert icidos, l^npnnolojjcy, 
|•|slnl l*Jitln»lo«ry, Statislirs, and h’iold KxporiiiHaits. 
TIhtc is also a v(‘ry romplctc a;j:ri<Mi]tiiral lilirary <»r 
2.‘{, dOO volnincs. 

'rin* an*a of land niahTtln* Kothanis(od <*oniinil- 
Irc i'ximmmIs r»00 acres, of wliicli f'ol pcrnia- 

iKMitly iiiid<‘r cxpcrinnaits and inciinlc classit'al tichls 
liki' Hroadhalk, lloo^^a>Id, Ikirniicid, aixl Park (irass, 
which have l)«*cn prodnein^ ahno'^l continuon^Iy, year 
Mft(*r year, wlwal. barley, inan<>:old, and i^ras.-^ re>^pee- 
tivt'ly. Ik'sides, tlii-re an- about !!*JI acres of land, 
■\vhi<‘h are occasionally nndei* nio<lern experinn*nts, 
prodiieiiiLr various crops or •frass. Kxpcrinicnts on tin* 
inanajrcincnt. of cattle, sheep, and pi^s form an 
important part of the work of the farm at iSolhamsted. 

A Brief Account of Some Classical Experiments 
at Rothamsted 

In th(‘ <'arly days of the iiineteent 
IViestly and d(‘ Saiissiirc had shown that liy the 
inllneiiee of siin-li^ht jureen plants de(*om|)ose the 
(‘arbonie aeitl of tin* atmos])h(T(‘, settinj^ free the 
oxyjjjeii and relaininu; the eaii)on wlii<‘h niak«*s up 
the bulk ol tin* dry matter of plants. 'Phis was later 
on <‘leai'ly established by the brilliant res(‘areh(‘s «»f 
ftonssin;raidt in lS!)t ami of f^iebijr in ISIO, who 
showed that the plants tleriveil their carbon maiidy 


from Iho atmos|)h(*n* and that th<‘ hiinnis of the soil 
eontribiited pra<*tieally nothin*; to it. The sonree of 
the niti'onron of vej;etation had, however, reinaiiKMl 
niisettle<l. I)<‘ Salls^^nre and Honssin^anlt held tin* 

view that the plants 
derived their nitrogen 
only from tin* soil and 
tin* inannre. Liebi*;, 
in his famous r(*])ort 
to the Hritish Asso- 
<*ia(i<»n on “()rj;anie 
(Mnanistry in its 
applications to Ay:ri- 
enltiire and Physio- 
lojry” published in 
is 10 and a^ain in 
is I.'), hf*ld similar 
vi(‘ws, althoiijrh he 
thoni;ht that thi'iiitro- 
^eii taken up by the 
plants was derived mainly from (he ammonia which 
was . broneht down from the atmospher** by tin* 

rain, :ind also that some leafy plants eonid assi- 
milate* and lix free* atmospln‘rie nitroyien. lie 
thus (*ame to tin* (‘om'liision that a supply of 
<*onibiin*d nitrojiren was nnm*<*essary ea* at h'ast. 

of s<*eomlary iniporlanee. Liebi*; also ln‘ld the 
view that ash analysis was a siillieie'iit eiiieh* to 

the fertilizer riM|nin*nn*nts «»f tin* <*rops. This 
was more en* h*ss tin* |>o>ilion o| the tin>ory e»l 

plant nutrition wln*n Lawes beyan his experiments. 

! hsranri/ nf Siiffrnihftsphnlf' : In IS.'JI, a lillh* 
before the pnblie*ati*m of l<i<*bii;’s report, Lawe's had 
be};ini his expc‘riments on a small .scale with pots 
ainl plants. I>nrlni; thosi' (>xp(*rim(*nts exee'lleiit 
H'sidts wei'c obtaiin‘d in the prodii(‘tion of tiii'iiip 
<*rops by applying; snperplmsphates, /. r., mineral 
|)h o.sphate like apatite* and eciprolite* di.ssolved in 
snlplmrie acid, as mannn*. Previous tei tlu; diseove*ry 
by Lawe.s, a mixture of bone and .snlphiirie 

aeid had been n.sed by Lit'bi^ as mannn*. I'he 

.siipj)ly of bom* available* to the* farnn*r was, heiwe*ve*r, 
rathe*!* small, while* the* supply e>f re)e*k phe>sphal** 
was e‘ne)nne»n.s. The* sne*e*e*s.s of .snpe*rphe)sphate h*d 
Sir Jedm IVnnett Lawes to take a |)ate*nt in bSTJ fen* 
the; maiiufae'tnre e>f snperpho.sphate*, anel thus b(*};an 
the* imhistry of artilie'ial lertili/e*!* which has r(*ve)hi- 
tiemi/e‘d the a};rienltnra1 weerld. 
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f"xvfnhK‘ss of nilroijfnoii!< frrtHh.rr : As :i 
result of Ills r!iniiiii<r J^uwcs 

ilis«*ovcml, ill opposition !»> Lichitj’s view, a 

supply of roiiibiiird nitro<r(‘ii in sonio t'onn or otiior 
was not «»nly nocossary to tin* civjp, bnl on tin* wln>lo 
(lotoriiiiiKul its yield to a I'ar ^rt'atrr extiait tliaii the 
supply <»1 asli constitnenls. 

Ff.rftiioif of Si I rfKjvit tnj IjCtfuiitiuons Plools o/ol 
loot tt/olioit of Soi/s tri/It Soil tilr. Onjtm isms : In 
ISr»7 tile subject (»!' tixation of nitro^iMi was taken 
lip at Uotliaiiisted liy Dr. Mvaii l*njili. Ilis experi- 
mental plants wen* trrown under jrlass shades, and 
ev<*ry prt'caiit inn was tak»*ii to r(‘iiiov<' any ammonia 
present in (he air ('iili'i'ini': the shades. Ignited 
pnmiee or i^iiileil soil was ns(*d. Tin* resiilts whi<*li 
PniL^h obtained seemed to exi‘liide the jiossibility of 
any llxation of nitmiren 1)y liviiii^ plants like wheat, 
barley, oats, elover, bt'aiis. p<‘as, and biiekwln^at, anti 
Ibr several yt‘ars (he general seientilie opinion was 
against (he i)ossibility tif the fixation of nitrogen by 
livinjr plants. 'The sfatisti(*s of nitroircii etilleetetl by 
many crops in (it>l<l (‘xperiments at Itofhaiiistt'tl anti 
el.st‘\vliere, howt-ver, simwetl not only no tleereaM‘ lad 
an actual u:ain of nitrogen by tht> soil tlnrinu: the 
period whtMi the It^ixinnimais crop was pr<»diicin<jc 
lar^(‘ (inaidititvs of nitroo;eiions matter above eroinitl. 
'riiest* t'vidcnces anti the hmu; experience of farmers 
nf (he beneficial etlccts protlncetl by i»;rowinir clover 
anti t)ther le^iiminons plants in a rotation tif crops 
led many invt*sti orators fti think that thert' mijrht still 
be a tixation of nitrt)tji;(*n by le«>;nniinons plants in spite 
t)f the contrary results obtainetl by I’ny:!! at Itotham- 
stetl. '^riit" publication in ISSti t>f (he researches of 
I lellrit‘<!;(‘l and W’ilfarth cleared up the whoh' posi- 
tion. 'riu'ir invest iixat ions showetl that in sainls the 
ortlimvry y:rt‘en plants ^rew almost |»n»]M>rtit»nately 
to tht‘ amonni tif nilro;i;en sn|)plieti and that il tht‘ 
combined nitro^ren was not added, nifrojren sf:irv:dion 
set in as soon as tlu' nitrogen of the seed was 
exhanst(‘d. In the case* of |(‘^nniinons |ilants however, 
Avhen no coinbimHl nitrogen was added, sometimes a 
plant was observed to re»*over from the sta.uje of 
nitrogen starvation and bi irin a hixnrions ‘rrowfh, and 
the root of tin* plant was found to be* cov<*red with 
little iiodnies, characteristics of the roots of lej^iiini- 


iions plants wlieii ^rowinu: under natural condilidiis. 

11 further experiments the plants were »»:rown in 
sterile sand without (he addition of any combined 
iiitroiri>ii, :iiid as sonn as th(‘ stan;e of nitroL!;i'n hunger 
was reai'hed. a small «piantity of ordinary soil 
extrai-t was a«lded, and it was (ibserM'tl (liat the 
plants recovered fi-om their st;de of ni(rou:en star- 
vation assimilating!; considerable i|nantities of nitro- 
{fcn. 'rhe r(‘newe<l growth and (he assimilation of 
iiitrit^eii were nbserved to be attendant with the 
prodiietion of nodules on the roots, the nodules 
bein^ full of bacteria (litirilhis nuliucolo). 'These 
b.'icteria could (‘ome only by previous infection. It 
was now evident that the extreme rigour with which 
l*iiu:h carrieil out his experiments prevented any 
tixation of nitroiren by hi*» lejimiiinoiis plants since 
there was no i‘hance of infection with the necessary 
bacteria. Also the utility of h.ivino; a le^'nininoiis 
(‘rop in rotation b(‘canie clear. Siibseiimait expia'i- 
nients by Law(‘s a id (lillx-rt showed coiwlnsively 
that ordinary plant has iu> pnwer of lixino; nitrojLiien, 
blit the whole* class of leunminoiis plants form an 
exc<‘ption, wlaai «rrown nmler ordinary field condi- 
tions. Of the le^'nlninolis <‘ro|w commonly •i:rown, 
hicerm* se'cmed to be the most etVt'i'tivi* in tixin^j; 
nitrogen. It may be mentiom‘d hert* that lat(‘r 
works, (‘|s(>wher(* ami at Kolhanist(*d, on (his line. 
Iiav'* h‘d t«> the pra(‘tieal pi*oe*ess of art ilit‘ially 
inoenlatinir the soil with the appropriate nodnh* 
orjraiiisms, which has proved V(‘ry iise-fnl for tim 
^rrowtli of h‘^mniniMis plants, particularly of lucerne. 

( IftssicffI r.rj)rrifu('ifls on trhrnf horlvii^ nunnjohf 
ijross mnl tot roin/itnt of crops : Amonj!; (In* 

many important ex|)erimi'n(s at Kothamstesl ar(‘ 
(hose on the contimioiis iii'owth of crops like wheat, 
b.'ii'ley, and manifold. 'Tin* idea of initiating th(‘s<* 
e-xperimeiits wa^ to ti'st tin* |»racti<‘al cpiestion, 
whether artificial fertili/.er can rejdace farmyard <»r 
whether they will in (inn* injure (Ik* soil and (he 
«*rop. It must b»* reiiK'inbered that in tlK)S(* f*arly 
days liftie was known as to tin* inannrial re'cpiire- 
m(*n( of any crop. 'Tin* lon<>; duration of an expei'i- 
im*nt sc*rves to remove many of the sonrci's of error 
nsnally ocenrriny: in field ^•^'|M*rillll*nts, such as the 
initial variations in the conditions of tin* plots due 
to pn*vions mannriny;, and irrciriilar attat'ks of in- 
.sccts and other jiests. Moreover, by lon^ continued 
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oxpcriiiifiits, tho soil becomes oxiiniistod nf r(‘rtaiii 
(Miiistiliifiils only iiiiiiibor of ynai's, 

tin* i'linction of any ('l(‘ni(‘nt of inannrial plant food 
is bronirlit to li;r|||. '^riiiis, liy (‘ontinnoiis ^rowin^ 
of wintiT wln-al in Ib'oadbalk lirldfll atTos) siiicn 
lS{;k it lias boon sliown that iiitro^fiioiis inaiiiirns 
iiicrnasn flu* yield of wheat very efuisiderably and 
that nitrate <jf soda y:‘'nerally answers belter for 
wheat than sulphate of aininonia. Ib'siilts on tlu* 
eontiniioiis irrowth of spring barley in Tloostield (oj 
a<‘res) sinec* iJSo'i show that the barh-y erop is far 
more <lependent than wheat upon a supply of arti- 
lu'ial manure whi(‘h *<hoiild (‘ontain a fair amount 
of nitrogen. Sulphate of ammonia has been found 
to be a bett4'r inamire for barhw than nitrate of 
so<la, iJjivin*^ ecpial yij'ld and jrcMu*rally superior 
tpiality. Harley is found to b<' particularly <h‘pen- 
dent on a I’hm* supply «»f plui<phoi‘i<* a<‘itl, .‘I ewt. of 
snp(‘rphos|)hate pel* a(‘r(‘ may be protitably used on 
most soils. 

Ibud crops lik(? snj^ar-beet, sw4*<h*s, mangold, 
turnip hav(‘ always oe<*upi4*d a promiiu'iit place in 
Rothamsted (*.\periiiu*iits, and mangold is beiiijir 
(rrown in I5arnli<'ld iH aen*s) practi<‘ally eontinnonsly 
since lS7*h and it is found that a liberal dressing 
of farmyard manure forms the best basis as manure 
for mangolds. 'flu* mangold erop will further 
respond to additions 4»f nitr(»y:<*nous manures to the 
(Iuiijj: and a supply «»f potash salts is essi'utial. It 
may be remarkc'd that the classical lii'lds, Mroadbalk, 
lloostield, and Hranfi<'1d, have laa-ii divide<l into 
]>h»ls reiircsentinj; IS to It) ^lilVerent tr«»atnu*nts, 
which liavf* been maintaiiuMl nnaltenal almost for 
the wluile p<*riod. 

Another classical exp^'i'inu'iital tield at l%otliam> 
si.«*d is Park (Irass (7 aen-s) which has b<*4*n jrrow- 
inj; m’ass for hay sinei* IS.Iti. This land has been 
ill jj;rass tor at least ‘JOO y<*ars. Tlu* tield is divid(*d 
into tw<*nty plots whi<*h vary somewhat in size, bet- 
we4‘n oiu*-half and <me-twelfth of an acn*. Two of 
these plots have bf*en k(‘pt unmaiinred thnm^hoiit. 
'riie otlu'rs hav4* b<*i*n ki'pt under ditVereiit inannrial 
treatments from tlu* be^innin^ 4>f tlie exp<*rinu*iits and 
most of the treat m<*nts havi* be(*n 4‘ontimu‘d wdthoiit 
any chaii^i*. I'h. inv<‘sti^ation of the herbage is 


carried out from the botanical point of view and the 
h(*rbage is generally separated into three groups — the 
grasses, the legiiminons plants and the iniseellaneons 
species. Oiu* important ])oint which has come out 
from grassland expiTiinent is that in order to .s(*ciire 
the fullest diwelopmeiit of those grasses and clover 
which are suit(*d to haying and grazing respectively, 
the system of manuring one** adopted should lu* 
varied as litth* as possible, for- ev(*n manures as 
similar as nitnitc* of soda and sulphate of ammonia 
encourage tlu* growth of ditVen'iit kinds of grass. 

The classical Rothamsted Kxperiment on the 
rotation of crops is <*arried out on Agdcll fu'ld (.-5 acres) 
which since ISIS is famuli on a foiir-coiirsi* rotation 
of sw(*des, barley, clovc*r (or b(*ans) or falh>w and 
wlu‘at. It has bemi found that leguminous crops 
lik(* <‘lov(*r and b(*ans are dependent on the siiiiply 
of miiu‘rals, partit'iihirly of potash and that the in- 
clusion of a clover m'op in the rotation, besidi's 
yi(*hling a crop of hay, leaves tlu* land so much 
rii'lier in nitrogen that the sncee<*ding wheat erop 
is (‘onsiderably iner<*ased. With beans in place of 
ch»V4*r iu» siu‘h beiu*ru*ial et!e(‘t has been observed. 

l*rnressrs' i>f SHrifirnfinn in soils : '^rhe ex- 
periments of S<*hlo(*sing and Miintz in 1S77 first 
establislu'd that tlu* conv<*rsion i>f <n‘ganic inatt<*r c‘on- 
taining nitrogen int«> nitrati*s is earrii'd out by living 
oi'gaiiisms. In sibont 1S7S, lb Warington at Rotham- 
st<*d began fiirtlu*r invi'stigalifuis int4» ihe (pU'stion 
of nitrate formation i.* S4>il, in the course of whi4*h 
he found that tlu; first product of oxidation was 
lai*gely, if not wholly, nitrit<‘S, and that the nifrit(‘S 
W(*rc <*onv<*rt4(l into nitrates at a later stage. 
Ah hough Waringt«»n was not abh* to isolati* in a 
pure state tlu* organisms carrying on these n‘a«*- 
tions, his work showed that the pro«*ess of nitrili- 
<*a’^ion in soils must be due to two distinct organisms, 
each iiu*a|)able of doing the work of the other. Soon 
aftf*rwards Winogradsky succeeded by a iu*w me- 
thod to prepare pure cultun*s of these two organisms 
aiul thus contirm Waringbm’s coiu'hisions. The 
f*xperinients «)f Waringt4)n also showed that prac- 
tically the whole of nitrifu*ation takes ])lace in tlu* 
first 11 ill., which gets stirred about and aerated by 
tlu* action of the plough. It was also realized that 
a bare summer’s fallow is conducive to nitriti(*atioii, 
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t\\o t(Mnpcratiir« of tlio s«mI Ikmiiji: sulliiMoiitly liijrli 
mikI tli(» soil r<*t:iinin;r siinioiciif moi.sliin* fm* iilnli- 
(*:ition, horanso tlio moist nro is not used up by tlir 
growth of a rrop. 

Tho pro(‘(‘ss of iiitriliratioii in soils lias bocui 
followed at Kotli:iinst(Ml by ostimatiii<r tlio nit ratios in 
tho wat<*i* wlii<*li pf'H'olatos tliiou<i:li drain-jraiii^os. 
Snell an examination would throw lijrlit on tlie rate 
at wliieli nitrates aro pmdnceil in soil, since all 
solntile (‘ompoimds of nitrogen ar<‘ r('tained by the 
soil exi'ept nitrates. It may b(‘ imMilioned here 
that e<»mi)lete analyses of the mineral const itmaits 
of the water draining IVom various Hroadbalk plots 
were ma<le at various times by the late Dr. Vo(‘h*ker 
aial by Sir K<lward hVankland; these expcMMineiits 
were done as early as iStili-tiS, and they still ei»n- 
stitnte almost our only information about the direet 
losses of the land by drainage*. 

At the time of the eommeneeiiKMit <if Flothanisted 
Kxperinients praetieally nothiny; was known about 
the (M)iubined nitrogen ainl otln^r substanees present 
in rain wat(*r. 'riie determination of ammonia and 
nitrate in rain water was thought to In* necessary 
in order to test the theory of Li<'biy; that atmosphere 
was able to supply tin* ordinary crops with tin* 
neei'ssary ammonia for its dev<'lopnieut, and has 
been eai'ried out from ISolJ-ol < m wards with oec*a-.i- 
onal interruption periods. 'I’he chlorine and sulpliu- 
rie aeitl in rain AYat<*r have al>o been <let«*rnrmed 
in many eases. 'I'he experiments showed that the 
averay:(? amount of nitro^c'ii bromrht down by rain 
water from tin* atmosphere is about lbs of total 
nitroyjen per aen* pei- annum. This inehides the 
nitroj^en pn*sent as aiiiimmia, nitrate, and oru:anie 
nitrogen in rain water. 

Mcfrorolntiird! OhserratinHs : 'rin* rainfall has 
bei'ii iiKMsnred at Kothanisteil since b'ebrnary ls.).‘>, 
in a 5 in. fnim(‘l ^aii^t* and in a reetan;!;nlar 
^aiijije (7fl. 3.r2 in. by ti ft.) havinu; an area ol 
one-thoiisandth a<*re. The amount of water per- 
eolalin*; through bare s<»il has b<M*n measured siin*e 
1870 by im*ans of drain jj;aii^es, each havin*^ 
an area of om'-thousandth acre and t»l depths 
-0, -10, and 00 in. respectively. liaroinelrie and 
temperature records have been kept since l.s7.*» 


and since ISOI daily observation of the bright 
simshiin* has be<*n made by na'ans of a Campbell- 
Siokes re«'ord<*r. 'I'he average annual rainfall at 
Kothamst(‘d is ne:irly 'JS. d in. 

Thr lunih/ff Kxprrinifnls : At the time when 
tin* Hotham>tf‘d Kxperiinents were initiated not 
much was known about the laws of nutrition of 
aiiini.'ds. Iious«.inirault was the pioneer in brin^^in^X 
into lijrht the utility of non-uitrojrenous constituents 
of footl, but in ixeueral his conclusions were that 
the coinparat ivi* value «»f food was determined by 
the nitrogenous rather t hall by the non-nit ro^t'iious 
(‘oust ituents of food. Liebiix als«> re^ariled nitro- 
iXenous matter as the nion* important coiistiliient of 
food. This was nmre or h-ss tin* |>osition of tlio 
seif'iiee of animal imti'itinn when Fi.'iwes and (filbert 
bejxan their experiments on I'eediiiix. Their careful 
experiments with ■^hei'p and pijxs indicated, in oppo- 
sition to the prevailing impiwssion, that it was rather 
the non-nitro|u:.‘enons con^titiK'iit of food which was 
more r<*spon>ible than the nit n ••xenons constitu- 
ent in re^iilatimx tin* :nnount of food eonsiimed in 
a ixiven tinn* and alM> tin* increasi* in live weijxht 
pn»dni*ed. Krom tln*ir exp(*rinn'nts on tin* fatteniin^ 
of piH;s I^awes and (lilbert were able* to demonstrate 
ch*arly tli.it the animals put on far morr* fat than 
could be made up from the whole (d‘ the fat supplied 
in the food and the aibumiuoids in tin* food, :ind 
they were of opinion that at least H) per cent of th(» 
fat of animal body <*ould have come from tln^ car- 
bohydrates in the food, 'riiis view of I^aWes and 
(Jilbeii was conlirmed later by tin* (*xperinn*nts of 
Kilim and other W'»rkers. 

.\inonir the clasNieal experiments on animal nu- 
trition at Hotliam^t(*d were the rin'inical analys(*s of 
the whole canvasses of animals at various stages 
of growth. lndei*d, up to the present, time, these 
experiments form tin* fundamental basis of our 
kiiowledixe of the composition ol tin* animars body 
ainl of the ehainjies lakinvc place during tin* «^rowth 
and fattcnintr l»eriods. 

Mlxtclliiurnns Krfurn/frtffs : The experiments 
of Lawes and (lilbert covered a wide ranjre, such 
as experiments in invest ij»at injx the ap[)lieation of 
sewaixe to lainl, experiments ,o ascertain the relative 
breedinsx value of malt and of barley from which 
it was inaih*, ex|)eriments iiiioii ensihi'xe, tlie com- 
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position of ^niiii iiiul tliu infliuMico of wcmsIs 

upon till* wlioat (•n)ps. 

Ani<»ii;>;st iiiiiiKToiis nixliii^s wlii<*li liavo roioo 
out from tlic cimijiaraf ivi'ly rrccnt works :it Hotliam- 
st(‘d, iiuMitidii may lx? mado of two : 

(1) Til v<»sti;jat ions ky Hnssoll and 1 rntoliinsmi, 
on tli(5 l)i<K'li(*micaI prorossos of snil and dirorlcd 
t(» tlio discovery of tin* conditions nmicr wliicli the 
si>il organisms live anti work, slniwt'tl that tin* mit'ro- 
ortraiiic population must lx* rc^ai‘dctl not as out* 
hilt as two or more ^rouijs. One td these j^roiips 
(soil proto/oa) is (h‘li‘imental tt> the useful organisms 
(st)il haettu'ia) t'tun'erinsl in the process of aninionia 
and nitratt; formation. 

(‘i) Invt'st ijxatit)iis on tin* sciMunlary aetitm i»f 
artificial manures n]X)n tin* soil showt'd that the lon<; 
eontimnxl use of sulphate of ammonia <»n soils, poor 
in lime, results in the soils het'omin^ acitl and tin* 
acidity is caiist'd hy c(‘rtain micrtefunjri in the soil, 
W'hich split up the snlphatt* of ammonia and set 
fr<*(j .siili)lmric acitl. The usual l)act<‘rial activities 
in soil are snspeinh*<l hy the acidity and the remedy 
is the iisi* of snllieieiit lime to keei) tln^ soil neutral. 
When nitratt; of sod:i is applh*d to ln‘avy soils, it is 
partially ehan^f*d into carhonatt* of soda through 
the aj^ency of plants ami ha<‘t<*ria. I'he carhomite 
of soda thus ori^inatetl defhx'culates the clay par- 
ticles and thus tlestroys the tiltii of the soil. 

ItarcHt Ihrvinpnicnt : .Viiuuijist more ri'ceiit 
developments in Rothanisted K\\p<*riments, prohahly 


(ho most important is the application of statisti(*.a1 
methods devised by Professor R. A. Fisher in the 
laying: out (»f (*xperiniental plots and in examining 
the results in detail, taking; dm; re^^ard of the influ- 
ence of weather and fertilizi*!* efficiency. The utility 
(»f applying statistical investifrations to farming 
(»perations is emu'inons. Indeed, Sir K. dohn Russell 
thinks, “With further developments it may be possi- 
ble to work iuit table's for Kxp<*ctancy of crop 
yield that could form the basis of a satisfactory 
crop Insiirain*e business.*' 
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NoTwrrilsTAXDlxtJ tho fni* r‘VcIiition:iry tlioor- 

ics, sciriitists jiml [iliilnsoplirrs pn'IVr to spoak 

of real rcvnliitinii, or ratln'r a sorios of rrvoliitions, 
wliit'li liavti sliakcii, down to its foniulatioiis, (lu* 
stately srientilic edilict? creeled, at the cost td’ miieli 
labour, in tlu* LH)nrs(.* of llie iiinettH'ntli eeiitniw. 

Wlien p('oph* noAvatlays sp(‘ak of lh(‘ pm^ress 
and (‘han^i‘s in science, and more especially in l»hy- 
si<*s, they do not nu‘an the ordinary, <*lassieal phy- 
sics, which stnilies eveiils iiion* or less on oiir own 
s«*ale, bnt macro- and niiero“[ihysi<*s, where everytliinjj 
is on a scale eitluM* iiniiKMisely larj*;<‘r or incredibly 
sinalliT than onr own. A few years ajjo KinstcMirs 
relativity theory was foremost in their minds; the 
wind has now tnrm>d towards the (|iiantnm theories 
of atomic and snb-atomic physi<‘s. 

Whilst pra<*ti<’ally the whoh* ndativity tliemy 
in its various stages pn»cee<led fnim the brain of 
KinsttMii alon(% tin* (|nantmn theory, in its tiillerent 
aspects and successive transformations, is the work 
of many <‘mineiit scientists hailin<; from many ililVenait 
nations. It is, however, true that, as the •general 
lith* <»f the theory indicates, the various steps of 
its development were all dominated by that fiimla- 
mental notion of the <iiiantmn of action, I’lanekV 
famous constant // t 10“““' ery;-seeon<ls. 

It was at the opeiiinjj: of the prestMit century 
that Planck proposed tin* original and revolutionary 
theory whi(‘h alone sm*ee<-ded in explaining, in 
their entiredy, tin* various phenomena of ra<liatioii. 
Planck^s fundamental assnmpli(»n is that lawlies 
can (Miiit i»r absorb energy in the form of radiation 
(e. //., heat nr lijrlit waves) tmly in delinite <liseri>te 
Onaiititics. Radiations being considered as proi)a- 
gating ill the shape of waves and therefore having 
one or more determined wave-lengths and freepien- 
cies (r), Planck stated that tin* amount (»f e*n<*rgy 
emitted or absorbed at a given time is necessarily 


eeiiial to the tiunnhntt nf cucnjii. //*', or an integ(*r 
multiple of it : lienee the smallest parcels of <*nergy 
that can be emitteil or absorbed vary with the IVe- 
c|ni»ncy of the wave. 

PlaiK'k tally (‘iai>ideri‘il the emission' and absorp- 
tion-process t>f ratliating energy, but the (piestioii 
naturally arost* why we >honhl not ^npposn radiating 
(•nergy alsti to travel in the >hape of pa(‘k<‘ts of 
energy, in>t(*ad «>f sja’cading out evenly in all direc- 
tions as waves tio. 'riiis argument of niiiformity 
reeeivetl stnaig (‘oniirmat ion from tlireci observation. 
It is w(‘ll known that tin* hmnan eye or a photo- 
electric cell respianis in a <mall fraetitai of a sectmd 
to evt‘n tin* faint light of a eamlle snd<l(*nly lit at 
a e<aisidt*ral)Ie distaiiet*. If radiating energy were 
spreading out from the eainlh* in the shape of 
wavt*s, ealenlalions show that a sodium cell, at a 
distain*e of meti*(*s, would r<‘(|nir(* hair hours before 
it could start c'lnitting electrons as a r<*snlt of tin* 
ilhiminatifm, wln'i-ea^ in reality the photo-eh*(*trie 
current starts in less than three-thonsands «d’ a 
millionth of a si*eond (l».ll)~‘''sees). Sim*e tin* 
n*aetion of the e\i*. or of tin* e«*II, ainl hence absorp- 
tion. is practically instaiitaneoiis, it si-ems liki*ly' 
that radiating «*in*rgy is not only being emitted and 
absorbed but is also trav«‘lling in tin* shape of pa(*k- 
ets of energy. Once again it is Kiiistein who in 
l!M)7 math* tin* b(»ld assertion that wr* must give 
up the centiirv'old idea that, light, and in gein*ral 
all radiating energy, travels in tin* shap«* of waves, 
and that. W(* must rather consider light quanta or 
plffj/o/ts\ of vahn* //*', as being tin* <*arrii*rs of the 
<*nergy from (*mitting to .-ibsnrbing b(»dies. '’riiis 
was a return to Newton's eorpnsciilar theory of light, 
altlningh Newton would iirobably hav«? found it 
hard to r(*<*ogni/.e his own ehihl in its nc\v garb. 
One <*haracleristie of this new theory which should 
be noticed is that, although it d«»cs ;iway with the 
iiotiou of waves, it keei)s as an (‘sseiitial fa(*tor the 
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notion of friMjiKMioy, wliirli ;i pliysiml 

nionnin^ only in a wav(' or soiik^ othor poriodically 
varyinj:; iii('(‘liaiiisiii. 

fiOn'iit/, tin* ^roat (‘liainpioii of (li(> (‘loHrrinio 
tlioory, li.’ul already proposed a tlieory wliieli eon- 
sidered tin* oseillations of the eleelroiis iiisid** tin* 
atoms as the or:y:in of the ehvl ro-majiiietie wavc-s 
to whieh Maxwell had reduced the nature of radia- 
ting en(‘r^y. Ill the be^iiinin^r of this (‘eiitnry fjord 
Uiitlu*rford*s invest iirjit ions on the radiations 
from ratlioaetive sniistaiiees led him to eoneeive 
tin* atoms as consist In;i: of a hoavy niieleiis, 
earryintr praidie.illy all the ma^^s and ehaiyed with 
positivi* el(‘<*trieity, around whieh mravitati* in tliller- 
(*nt orbits a number of t'leetrons. sji that the whole 
is eleetrieally neutral, except very near tin* iineh'iis 
wln*re the p«»>itive lield of the <'oin‘ent rated miehMis 
prevails. N. Hohr in 1^)1.*!, taUim; l\ntherford\s 
atom as his start in;!:'l)oint together with IMain'k’s 
(|nantnm rules for tin* (‘mission and absor[)tion of 
radiating; enery:y, proposed his own model of an 
emitting atom : the eleelroiis are still gravitating 
around the mielens a(‘<‘ordin^ to tin* (*lassi(‘al 
rules, bill, contrary to those same rules, these 
non-nniformly moving elei'trieal <‘hary:es do not 
emit any eiierjiy in the shape of elect ro‘nia<;ii(*li(.* 
waves; further, only a certain number of orbits 
are alloW(*d, determined by tin; (|nantnm conditions, 
and (Hily when, for some n-ason or otln*r, one or 
more electrons arc temporarily disturbed in their 
eireiimvolntioiis is some ein*ri 4 y radiated by tin* 
atom ; and, similarly, tin* absorption by an atom 
of radiating energy eori*esp»»nds t«» an eleetron-jnnip 
from one orbit to another. The (‘mission and 
absorption of radiating eiierjry beiiiij: reirnlat(*d by 
(|nantnm rules, it follows that there iiin>l lx* :i ditVr- 
rein*e of exactly one <|nantnm of ener^ry betwe<'ii 
th(! din(*r(*nt amounts of enerjry stoivd up in an 
atom aceordiny: as its (*I(*cfron or eli*ctrons mo\(* on 
oin* or otin*!' of the (|nanti/(‘d orbits (/. r., tin? orbits 
allowed by the (luantnin rules). As diHereiit (*l(*e- 
tr(>n-juinj>s an* possible*, s(*vi*ral valu(*s an* possible 
for the emitti'd ({iiaiitiim (d' (*n(*r«»:y, (A*’), hc*nce th(»re 
are various valu(*s of v which explains the liin*- 
sp(*etrum of the (*h*ments. 

This hybrid mode.*!, with its curious mixture of . 


classical and (piantiim rul(*s, in(*t from the start with 
unpandl(*l(*d succ(*ss, Imcaiisc this was the first 
tinu? that tin* enormous amount of sp(*<*troscopic data 
cmild be inlerpret(*d in a synthetic* >vay ; and at the 
same time many more sp(*ctroscopic facts wen* thus 
foretold and somi after verilied, chi(‘Hy when Hohr's 
theory had be(*n fiirtln*!* (levelo[)ed by Sommerfehrs 
relativity corrections. This th(.*()ry also ^ain(*d threat 
popularity with tin* (‘ln‘mists, who found in it a 
satisfact(»ry int(*rpn‘tation of M(*nd(*leeirs p(*riodi(‘ 
(‘lassiticalioii of tin? eh'incnts. Kor about twelve 
years a (‘omplicat('d but impn*s«ive stiuetiire was 
bt*inj; erected on lln‘se foundations laid by N. 
Bohr. 

'rin* (*norinons d(‘velopnn‘nt of tin* res(*an*h(*s on 
atomic* and moh'cular spectra all over tin* W'orld 
brought in sin'h a wealth of mat(‘rial (hat very soon 
tin* original Bohr iiiodi‘1 proV(‘d in.snHici(‘nt to cope 
with it. After some lh(>on*(icaI impi'(»V(‘iin‘nts and 
additions, tin* theory had to be pat(*ln*d up by nn*ans 
of empirii'al or semi-empiri(*al rules, oiitstaiidinu; 
amon^ whieh an* the sc/arfiua y ///c, which forbids 
some* of the electron-jumps for the simple reason 
that th(*y corr(‘spond (o noin* of tin* observed spec- 
tral lines, and /bn/Z’s rerhiti, whieh for similar 
n*asons forbids any two of tin* eh‘etrons •rravitat in^ 
around tin* nn(‘h*us in an atom to be in exactly tin* 
same* conditions. .Vt the sann* time tin* pi(*torial 
r(*pn*sen(a(ion of the orijj:inal model was jrradnally 
lost sijrht of, only the oi'i^inal expre^siolls beinjij kept 
to n*pr(*sent vaibuis enerjry stales in the atom, 
witinuit any attempt to in((‘rpn‘t these by sonn* 
ordinai'y iin'ehanieal striietnre. 

.Many leading M*i(‘ntists had repeatedly protested 
aji:iin>t the inimeroiis inconsistencies wliich had 
<i;radnally cre|)t into Bohr’s i|nantnni theory (»f tin* 
atom ; but lilth* attention was paid to th(*m lK*(*anse 
of the incredible* sncc(*ss of this theory in interpre- 
tintr so many and vari(*d phenomena, and, presumably, 
also for want of a more* satisfactory oin*. This 
fe(*lin*j: of nn(*asiness jrradnally waxed stronijer, until 
about tin* y(*ar BH?’) tin* brilliant minds of s(*v(*ral 
yijunjr sci(*nlists s(*t s(*riously to work to find a way 
out of (he impasse. 

Tin* l(*ad for a n(!W n'volution within the f|iian- 
tum theory itself was j^iven jdmost simidtnneously 
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ill (liilbrcnt countries and appaivntly from :i))soiii(oIy 
ditt’oroiit ])oints of view. 

I dcfliiiifcly declared that Ihilir lia<l 

atteinptiHl too iniieh : instead of limiting: himself to 
the direct facts of oliscrvalion alioiit tin* cmissinii 
and absorption of radiating energy and tlio s|ic(.*tro- 
s(‘opi<^ determinations ('onnei'tisl witli it In*, and i»th(‘rs 
after him, had devised a complicatisl system of 
ele<‘trons htslth the atom whiriiiijLr round the imc- 
leiis accordinji; to incrcasinjily <'ompli(‘alcd rnlo. 
What ri^lit laid In* to lay <lown the laws which shall 
[ircside ov<*r the internal life of the atom? \o 
wonder that sin*h arbitrary assumption^ led to 
numberless inconsistencies ami <*ontradictory state- 
ments. lleisenbery: therefore, proposj'd to abide 
strictly by tin* observcil fa<*ts ; tin* f]'(‘<|iiem‘ii‘s and 
intensities of the si>ectral liims whi«‘h necessarily 
ci>rr(!spond to some chan^i' inside tin* atom from one 
energy state to another: tln*.se various data are repre- 
sent<*d by matlieinatical expressions and then j»:roii|>ed 
in a special aiTany:<‘HK'nt calh*d a nintri.i\ Hy 
applying tin* nn’thods nf niatrix-<*al<Mihis, I {eisenlH‘r<; 
(*r(‘ated a new (|iiantmn meclianies, whi(‘h (*\plained 
the experinn*ntal data as w(‘Il as, and oft<*n better 
than, Ihihr’s tln'oiT, and whi<*li also led (piite natn- 
rally to the various i)ostnlat(*s which Holir Innl 
arbitnii’ily introduced. 

Almost, at the sann* time Dirae, at (Aimbrid^e, 
proposed his own matheniatii'al qnantnm theory, 
still more abstract than the oin; of his (ierniaii 
colleaLfin* ; bnt tin* two theories w<*re soon foninl to 
b(‘ fnndanientally eipiivah'iit. 

Hardly a year later, tin* problem was approached 
from a ditVer(*nt an«:le by Prince L. de Hro^lii*, and 
further devclo])ed by Sehrddiii^er. h'or a lonj; t inn* 
d(* .Ib*(»jrli<* had been pn/./Ied by the dual aspect of 
the. wave and the parti\*h* theories of lijrht re<*ently 
broiif^ht to the fore ajjain by Kinstein s photons; these 
two ap|)arently contradictory theories are both 
indispensabh* to explain one ''r more aspects of 
the nnnuToiis optical pln*iiomena. L. <le limjrlie’.s 
bnld solution was to (*xtenil this dual charact<*r to 
Hiatt(*r as w<*Il : elect ron-rays or atomic ra>s, so lar 
considered as jets of material particles, mij;ht, in 
cci-taiii cases, be considered as waves, so that the 


parti(‘les whilst travellin^r -in*, so to say, aceompani(*d 
by, or embetlded in, waves. Considerations drawn 
from (‘lassieal o|>ties, in particular from Kermat’s 
principle, toe:etln*r with Plain-k's fnndameiital 
radiation formula, enabled him to d(*dnce the value of 
the ire<|neneies of such mailer waves; they were 
lonnd tolx'of the sann* ord(*r a'< X rays. St'hroilinjrer 
jrreatly improveil this theniy liy diM*overinjr the Inn* 
wave-fnnel iim to be allribnteil to thc.se mysterious 
waves, his now fainons fuiiclion. 

.\s siinii a^ the superiority of thi< new wave m('(‘ha- 
ni(‘s ovi*r the old <|nantniii lheni-y liad been d(*linil(*ly 
proved, lircal a<*ti\ily animal(‘d all the r<*search 
laboratoi'ies mi aLiunic physics ; would it be possibh* 
to produce direct c.\pcriincntal evidence of the 
reality t»f these matli*r wa\e.s*/ ft is snlVicii'iitly 
known how, almost siiiiiiltancmi^ly in various coiiii'- 
tries, diilVaction linnies were obtaincil by passinjjj 
elect rmiic i-a\s lhrt»n;ih crystals, which were in 
every w ly similar t<. those obtained with .\-r;iys. 

Luckily SchibiliiiLrer was aiilc Iri prove msithe- 
niati(‘ally the ei|niN alence of I |eiscnberc;'s calcula- 
tions anil Ills own replacement of ray-m<‘chanies by 
wave-me<*hanies. \ further step was the exact 
determination of the ineanintr of 7*. tin* wave- fnin*lion 
which eovenis and deterinines the motion of electrons 
and other material part ieles .i?, lijrln waves determine 
the motion of the photons. A< in the various w:ive 
theories of liirht, here also the dilVicnlty was to tiiid 
:t subject for the vei’b ‘to vibi'atc’. In the ease of 
matter wa\«s, SchriMliiiiicr lirst sii^izested that the 
waN'e fniiclion represents the density ol the elec- 
tric char^i* :ilon|Lr the path, or around the nncleiis, 
in I’ase we consider elect I’onic waves ns r(‘pla<‘in<i; 
Iiohr’s electi’onic orbits inside the atom. .\ccordinjL!; 
to this intri'pretation. therelore. the i*leetrons or olh<*r 
material pai’tii*les have no reality of their own except 
when many waves by inlcrfci-eiiee produce nodes 
and loops of density, the luops corre-pondinjr to 
what we used to call electrons. 'I'liis interpretation 
of the wave-function was open to many serious 
obji'ctioiis : h<*nee .M. Horn pro|)n.s(Ml to r*\plaiii 
(he final nature of iiialter and radiation by assuming 
tiial v. Schrddinyier’s wave-function whii*h p<‘riodi- 
cally varies with time aim place, rejiresents the 
probability of an electron beiiiLT in a ‘;ivf*n place at 
a c^iveii timi*; and, Ihei’efoi'e, in the i*as(‘ of a ^^I'eat 
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iiiiinlxT of clrHroiis, |li<* <*rrsts of (lie* wsivrs ropro- 
sc'iit tlio and tiiiio whon* and wIkmi tlioro will 

b(! a ^r(*at concentration of |»articlcs. Accordiiijj 
to tin’s interpretation, which has jrain<*d increasing; 
popularity, the electrons are jjiven back their reality, 
l)iit tin* waves |)ossess no nion; than a niatheina- 
tical existence, which brings wave mechanics nearer 
to Heisenberg’s and l)ira<*’s stati>ti<'al ([iiaiitiiiii 
imu'lianics. 

'file iiiterpr(‘tation of the th* Hnij^lie wav<*s as pro- 
bability-waves is (|uit(‘ in conformity with Ileiscn- 
berjj’s epoch-making <liscovery, in l'dl?7, <if the 
HHfrrliiinhj prinriplf\ whi<'h In- proviMl to underlie 
th(‘ new quant iim m(‘chanics. Kven ordinary mathe- 
matical reasoning; shows that, aecordin;; to the 
^(‘nerai (|nantnni prin(M]des, it is iinpossibI<‘ t(» detm*- 
miiut (‘xactly both tli(‘ position and tin* v(‘loeity of 
a particle at a «j:iven monicmt : tin* j^n-ater thii 
precision reached in det(‘rniiniii^ the one, the ‘i:r*‘ater 
the uncertainty in deterininin^r the «»th(*r : tin* pro- 
diu't of the two uin*ertainties beinj; always ecpial to 
///2?*, thus I’laiick’s constant once ajj^aiu asserts itself 
as the ultimate key to :dl (|uaiitum theories. This 
unc(*rtainty principle is in fa<*t almost self-evid<*nt, 
for to iletermiue ami measun*, say, the imsitioii and 
velocity or momentum <»f a laidy, we must look at 
it and thus in some way alter its ctniditions, since 
<»ur looking at it inlliK'iiees it ; this is, of <*ourse, 
noti<'(‘abh‘ only in the case of v<-ry siiudl particles, 
which hav<* to be observed by means of very power- 
ful radiations : these so disturb th(*m that it is 
imp<issi1)Ie to obtain any a<'eni'at<* iid'ormatioii (on 
the quantum scale) about their position or 
niomentnm. 

The introduction «»f probability-waves in (‘onjuiic- 
tion with the uncertainty priin*iple does not nn*aii 
that the whole physical world is ruled by chance 
and <*liaos, for we have seen that the uncertainty 
itself is very limited : j»idy t<» p(*ople like Maxwt'lTs 
d(>mon or ol)servers (d the <limensions of Planck's 
(luaiitnin does the physical Avorhl appear .absolutely 
topsy-turvy. ^Vt who kmovs wh.at (ither observ.atioiis 
and theon*tical consi(h‘ratinns such a minute o])server 
would make which would till him w'ith wonder, *)r 
perhaps indij^nation, at those* bi^ beings, called men, 


who dare assert so many and so strange properties 
of the world of micro-i)hysics, which is not at all 
on their scale ? 

This naturally leads us to the philosophical 
discussions provoked in the minds of both scientists 
and piiilosoph(*rs by the above-mentioned revolutions 
in physics. It is claimed that nowadays no philoso- 
phy is complete which doc*s not take into account 
these latest findings «)f physical science, be(*ause 
these seem to have a dir(*ct bearinj; on philosophy, 
in particular on tin* episteim domical ]U'oblem Avhich 
is at the basis of any sound philoso])hieal system. 

We are far from the absolute self-confidence of 
ninet(*enth-centiiry scientists : the theories which 
thr*n sf*emed im>st Hrndy established have b(?en 
((iiestiom'd and even replac«‘d by mru’e acemrate 
ones, :ind what appeared to be the very foundatif)ii 
of all sci<‘iitilic impiiry the principle of causality 
and strict d(‘terminism in natiin* - st^ems to havi; 
re<*eived a dr*linite set-ba(‘k from I [(‘isenber^’s iin- 
c•ertainty prin(‘i[)le. 

A natural reaction with many non sci(*ntists as 
W(*ll as a (*ertain nunib(*r of scientists is to dt'iiy 
any real value to all the tindiu^s of scii*nce, to 
declare that it is men* ima«i:iiiation and symbolism, 
a display of int(*1h*etual jujrtslery by overheated 
math(*matical brains ! 

Hut if we jxo too far in that Iim*, V(*ry soon 
experience itself will deny these ch:iry:(*s ; (dassical 
physics in particular will appeal to tin* inmim(*rable 
pra<*tical diserweries which were the direct outcome 
of its th(*or(*tical laws and priiu'iples, and mod(*rn 
physics is equally firmly based on direct (*xperim(‘ntal 
eviileiici*. Shall we, ther(*f(»re, conclude with Hoin- 
caiv, and many others after him, that scientifh’ 
theories have, value iu so far as they prove useful ? 
To say th(* least, these theories are jrreat (‘conomizers 
of thought and prove enicieiit tools in tin* hands 
*>f skilled scientists. 

Does not the fact that seienee has a true value 
for life, practical as well as speculative, imply that 
it cont.'iins at least some elements of truth ? fs 
everything; in s<*i<*nce mer(*ly syiid)olical, telling us 
nothing about the reality of things ? One nii;;ht 
be inclined to think so, chiefly after reading about 
the latest (luantum theories, whieh have a \Yorthy 
])rc*cursor in the thorniodynamie theori(».s with their 
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stiilLstical (‘onsidorations and tlio iiiystcrioiis cndfipv 
iHitioii. 

Ilowcvor, ovcMi those si‘i<M)tists who are most 
insistent (ui the syniholieal as|»i‘ct of seientilic IIhmi- 
ries assert e(|nally stron^jly tliat there* miis( exist 
some eorr(*si)onden(*e bet\V(‘(*n oiir mental world- 
pietiire and reality. The ditlieiilty is to sift the 
ehalf from the grain, to de'termine what is s\nil)oli- 
eal and what is real, or rather to diseover in tin* 
symholie re[)resentation itself what n-fers to the* 
reality of things. On tin's point various 'istits* oppose 
eaeh other : positivism, the. sohii'uin of the narrow’- 
niinded, solves the pniblem, or rather renders it 
non-existent, by denying one of the two fa<*loi‘s : 
positivists deelare that it is mere illusion to speak 
of the w’orld outside ns, sin<*e, iiatnn* is nothing but 
onr v«‘ry sense impressions whieh eonstitiite tin* 
whole of onr knowMedge. 

Nowadays seientists generally agre(* that in tin* 
kimwledge W’e aeipiin* about the physical world it 
is an illusion to try to distinguish between the thing 
observed or measured and the observer or the nieasnr 
ing instrument: what we know is the eoml)ine<l result 
of both : this as.'-umpt ion also underli(‘s the physical 
interpretation of the nneertainty prineiph*. This 
gen(*ral consideration is dev<*loped in one lim* or 
another, and thus we are |ires(*nted with dillerent 
spe«’ulalions about ‘tin* physical nature of the world’. 
Kddingtou insists iiiiieh on the part taken by tliemiml 
in eoiistriieting our pietnre of (In* univ<‘rse, ami 
d(*fend.s ii position whieh borders on absoluti? ide:dism. 
LManek, on the other hand, places full eonlideiiee in a 
sound realism : in his popular lectures and books he 
constantly reallirms the ab.solnle necessity of niaiii- 
taining that real events do ha|)|)en ind(*pendcnlly <»f 
onr senses perceiving them. To him it is evuleiit that 
the only way of avoiding an irrational s*»lipsism is 
to assume ‘that the functional relations between 
sense data contain c(*rtain eh'inents not depending 
upon the observer^s persinadity nor upon the time or 
l)lace of observiTtion’. If it wt?re not so, Planck 
argues elsewhere, how is it that all m(*n*s brains 
(‘Onstruet exactly the same moon and sun and stai*s ? 


Hy similar arguments Planck advocates tin* main- 
tenance of the priiu'iple of causality, which he, 
how(*ver, explains in a way niodiiied in the light 
ot I leiseidierg’s principle. .\t the same time he 
Upholds tlu* notion of fret* will, and elainis that it 
is not irnM'oiM'ilabh* with the idea of a strict causa- 
lity regulating ev(*ry(hing in this world, because 
to him free will can only mean that the individual 
fccis that h(* is free ; but this leaves op(*n the ques- 
tion whether an ideal spirit might not fully coni- 
pr<‘h(‘iid the motives whieh entirely iletermim* his 
actions. 

This is a striking illiisl ration of tin* weak pt)int 
in Plaiu'k’s philosophy, and in most of the philoso- 
phical miisings of moihs'ii scientists. ^Fhey them- 
selves rcpeati'diy asseit th:it it would be rash and 
impertinent for ihi in to dabble in philosophy ; yet 
many of tluaii give in to the temptation. Nor are 
they to be blamed for it, be<‘ause as men tlu*y have 
as niiif‘h right to t>hilosophi/e as anybody else* ; but 
they an* wrong when they want to examine and 
eriti<*i/.e philosophical problems and thi'ia'ies act'or- 
ding to the prim^iples and imMhods of empirical 
science. It may lx* (jiiitr* lawful to banish meta- 
physics from science ; but then might not philoso- 
phers return tlx* compliment ? '^I'his dot's not mean 
tliat iiK'tapiiysieiaiis shoiihl lock themselves up in 
their ivory tower of ajnior'sin, ignoring the progress 
math* in tlx* t'lnpirical investigation of tlx* physical 
wtirhi. '^riiey can tlerive from it nmeh valuable ma- 
tt'i'ial for tlx‘ir study of tlx* working of tlx* human 
mind, and this in turn m:iy throw sonx* light on the 
tibscure ])robh*m of (*pist(*nx)logy and at tlx* same, 
time supply tlx*ni with mueh inibriuation about tlx; 
physic.'d world and tlx* natiirt* tif ni.-iterial beings in 
geix'ral. Ihit such stixlies on the ultimate nature 
of things havt* to be carried out aectirding to tlx* 
rules and principles propm* to such investigations, 
I mean, according to the methods of philosophy ; 
for if many have loudly iinitested against tlx; Scho- 
lastic saying that philosophy is to be tlx* handmaid 
of theology, would it be any better if she w'ere 
now given anotlx*r master in the person of (*mpiri- 
c:d .science ? 
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Synthetic Plastics 

(ContinHCfl from the Inst issurl 

J. K. Chowdhury 

Kuiiilnr ill Aiiplivil <'l.firii.-ilry, l>acr;:i nnlv()r>ity. 


Cellulose Plastics 

IinN(j l)(‘fnrr llir sviitlH'tif rc-siiis wm* known, 
lo<i‘ pln.stirs w^To niMinir.-u'tnn'il nnd iiM'd «in :in 
in<lnslri:il scnic. I^•(•^‘n^ vr;irs linvn liow(*v<*r seen 
:in (‘lionnoiis iin‘i‘(‘:i«<n in (lie ns<' nf rrlliilo.'^f* doriva- 
livns as plasli<‘s. IVopcrtics of dilVcrnit (‘cllulnsn 
(‘oinpiMinds and llinir nn‘(inMls of niiinni'antiire liavi^ 
lu'nii iniproxrd and a wid** Held lias Iteen round 
for th(‘ir indii'>(i'i:d application. Cclinloid, cdinlo'^c 
a(‘clat(‘, visco>ir, and olli<‘r d( rival iv<‘> ai‘c used as 
reversil)l«‘ tlierinoplasties, so that tliey «*an In* easily 
welded lo;':etlier eitln*!’ In lasit and pressure or l»y 
means of solvents, ( nahliny: eonii)liea(<'d roriiis lobe 
mad<* with ease. I’nlilvi' tin* synllieli<* resins, no 
Iiar4lenin}j: or elieiniiad (‘liaii^'<‘ tak(‘S plaee in tin* 
inonhl and liein'e tiiert* is no risk of pr<'inainr(* liar- 
(leniiijT or ol' dis<‘olonrin^ flnrinir tlie inoiiNlin^ oper- 
ation, wlii^'li can be 4*omple|ed very (piiekly and 
is tln'reror<' vt'i'y (‘eoiniinij*. '^riiey can be nionIdcMl 
either in the roi in <»!’ p(n\der (irid' slabs and an* 
also .suitable bn- the iiijeetioii process wlierc'by tin* 
heated material is passed ninler |)re.s.snre through 
an oi'iliee into tin* mould which is kept <'ool. "rids 
process enables intricate objects to be imub* from 
^■ellnlose (h-rivatives. 

( rlhiliiiil -Of tin* dillereiil .synthetic plastic.s, 
(■(‘llnhiijl is perha])s most wi(h*ly used, tin* worhl 
prodn'*tion Ixan^ about .''itt,t)tM) tons per :iniiiini. It 
was lir.st prepared in lSI»!t by .Mi'ssrs. .1. W'. J. 
S. Hyatt for tin* pnrpo.se of mannra(*tnrin^ billiard 
balls. ToHlay it is ii.sed for a larj^f* variety i>f pur- 
poses. Ihaislies, eonibs, dolls, lllms photograph it* 
«)ntlits, acenmnlator ca.st-s are maiinfactiired from it. 

It is made by nitnitinyj (‘ellnlosi* to pyro.\yl(*ne 
haviiijr a nit roii;cn content <if about ll'«. I'lie pn»- 
diiel is tran.sfornnMi into a jelly by kin*a<lin^ with 
camphor and alcohol. On partial removal of the 


solvent, the material can be jriv4*n any desired shape 
when the n*mainin^ solvent is tinally removed. 
(\‘iinphor plays the role of pla.stlci/(>r or soft<*in»r, 
imparting lle.\ibilily, non-brittl(‘ne.s.s, and thernioplas- 
ticity. Oellnloid is (*apable <»f beinj; inonided into 
shape at about ll)l)“(' and is n*sistant to water and 
dilute aeid.s. Its inllannnability is how<;ver a deterrent 
for its nn»re extensivi* use. Miircovi*!’, it is discolonr- 
t‘tl by <‘ontimn*d (‘xposiire to tin* siin and do(*s not 
stand hit'll t<*mp(*ratnr(*. Kor the.st* r(*asons it has 
larjri’ly «riven plaee to eellnlos(* acetate in tin* inanii- 
fa<‘tnre of (‘iiu'ina films, a(‘i’ot)lane dopes, and safety 
jrla.ssc.s, 

f'clhtlttse Acefttic — The jrreatest impedinn*nt to 
the <levelopnn*nt of eellnlo.sc* ae(‘tate plasties was 
the y:reat (*i»st of its production but in rt'cent y4*ars 
$;r(‘at improvenn'iits have b(*en ma<h* in tin* inaiiii- 
fa4*tnrinj; t(*<‘hnii{in*, which have r(‘din‘(*d tin* e<»st 
<if production while improvinj; its properties. Cellu- 
lose ac<*tatc was lir.st imnle by Fraiu'hinnint in tin* 
year IST9 by a4‘4*tylatiii}j: <‘(*llnh»se in tin* pre.scaice 
of sniphnrii* aeiil. The nn*thod has sinet* been im- 
provt'd only in d(‘tails and mrnlerii mannfactnrin^ 
pr4)c<*.ss 4*onslsts in ac(*tylatin^ e4»tton lint(*r with 
a iiiixtiire of ;ic4‘tic :n*id and anhydrich* in the pn*s4*r)- 
<*e of siiit:d»h* coinl(‘nsin<; ay:(*nts under rijifid t«*m- 
pc'nitnre (*ontrol. It is then sid)je(*t(*d to a ripj^nine; 
pnM*«*.ss for s(*v<*ral days and the prodin*t is preeipi- 
talt*d by mixing with \vater ainl other media. .\s in 
tin* ea.si* of (*elhiloid, the n.s(* of pla.sti(‘ixers is ne<*es- 
.sary, thoiijrh thi*ir nature* is alto;>:eth(*r dillerent, and 
here a inixlnn* is nsnally preferred. The material is 
either bron<rht into solution to be evaporat(*<l into 
liiin.s, foils, and ^lass snb.stitnt(*s or is kin*aded with 
a limited amount of solv(*nt together with tdastiei/ers, 
tilling and eolonrin^ mat(*rials to be formed into 
slab-s or blocks. 'rhe.s«* slab.s, j)ow(hM’.s, or chips are 
h(*ated on a .steam table and then introdneod into 
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hot moulds 'wliicli :iiv. almost immodiatcly roolrd. 
WIkmi tlu? form to la* math* is t‘ompIit‘:itt*d, llw* 
iiijoction proc<*ss is usually iis«*d. 

Tho ar(*ta((‘ is not iidlamiiiahU* ami stands siinli^lit 
and lii^h (omporatiin* miidi hotter than oflhdoid. 
Fts liiy:li dioloofric sti’oiij^tli and insulating <*apa«*ity 
mak(‘ it- omimaitly siiitahh* for tin* mamifaotnro of 
all kinds of olootrio ‘roods. Hardness, tlexihility, 
trlaze, ete., <*an h<* alt<*r<‘d by ehaiijriny: the aiiaiiiiit 
and nature of plasti(‘i/ers and tilling materials. 
Mo(l(‘rn saf(?ly almost exehisively made 

«)f eelhilosf* a(‘r*tat(* as it transmits nllravioiet liirht 
in sun’s rays, and is not brittle. I5y earefiil elmiee 
of eotoiirs and pi^nu'iits, it may look eitiier (‘rystal 
<*Iear or likt* imitation mother-of-pearl and marbh*. 
It ('an b(‘ maehiiK'd, cut and sawed liki* wood, and is 
ns(»d f(»r boxes, vanity sets, lamp shades, (•!<•., mid 
in the form of foils it is larjr<‘ly used a^ a wrappiiijr 
l»ai)(*r f<»r foodstnIV which is [U'otected from mois- 
ture and dirt. As is well known, it is .‘d>o exten- 
sively used in la(‘(|ii(‘r industry and in (he niamifac- 
tiin* of artilicial silk. 

In r(*cent years jrri'at expansion has taken plaei* 
ill the use of the acetate as a plastic material. In 
the y<‘ar lildl, only 100,00(1 lbs were used for (his 
purpose ill I'. S. A. but in 10.*! I, this figure rose to 
l.SOO.OOO lbs and in lOOri, to lO.oOO.OUO lbs! In 
addition, about 00 milliou lbs of aeelali* are use(| 
for other purposes, such as artitieial silk and (Miiciiia 
lihns. 

Of (he other cellulose plasties, mention may bi* 
matle of vise<ise and benzyl cellulose. O'In* former, 
well known for its artilicial silk, is also used for 
the* mannf.'ietiire of buttons, wrapping pap«*rs, and 
bottle caps, whih* the latter is valued on aeeoinit 
of its resistance to water, alkali, and acids not only 
ill tin* lae(in(*r industry but also as ;i thermoplastic 
capable of standing: liij^h temperature. Its cost of 
production is how(‘ver hijih and if its |>rie(! could 
b(* suni(‘iently n‘dueed, it would receive extensive 
application in industry. 

Synthetic Rubber 

Another plastic material - synthetic rubber is 
^radnally beeoininy; a serious rival to the natural 


product, 'rin* s(*ar(*h for rubber substitutes was first 
undertaken owinji to :i serious rise in tin* priei* of 
natural rubber a few years befon* tin? War, and 
owiiiLC to national l•merli:t*ney. its l:nj»:e-seale maini- 
faetiin* was undertaken in (lermaiiy diiriiit^ the 
(ireat N\’:ir. <)n account of poor (piality and hi»xli 

cost of the synthetic lU'iMliiet, its maniifaet lire was 
abandoned after the War w;is over. Iiivestij^atioiis 
into tin* possibili(i(*s of siiitabh* riibln*!' substitutes 
were however eontiiiued and I'cei-ivi'd fresh stiinil- 
his frtuu tin* hijih priei- of mitnral rnbb(*r prevailint^ 
ill post-W'ar days, 'riioii^h the price fell later to a 
(‘onsider:ible extent, invest ieat ions were (‘ontiini(‘(l 
and iiot.able .-^llee(‘ss was aeliiex’ed by twt> eom|)ani(*s 
the I. ( I. in (!(‘rmany ami the |)ii I’onl. in P. S. A. 
and to-day these ‘-ubstilutes are a^rain bein'!: produced 
on a lar**:** se.ale in T. S. .V. and Soviet Hlissia 
and to a smaller (‘xtiait also in (i(‘i‘maiiy. .\im‘riea 
prodiiees mainly tin* “( Miloroprene*’ or “|)upn*in'” 
rubber while Iiiissia the “Ihitadieiie” rubber. The 
cost of tln*se synthetic prodin‘(s is how(‘Ver much 
hijiher th.-ni that «»f tin* natural produi't. I’nless 
the cost e;in be substantially rediieed, its us<* can- 
not be expected t(» bt* as (‘xteiisive as (hat of the 
natural prodm*!. 'rin* (pialities of (he synthetic 
product have Innvevc'r been so miu'li improved (hat 
to (l:iy it not. only (‘(|uals but in .some n'spei'ts is 
ev(*n sup(‘rior (o natural rubber. 

'^riie following: hydroearbons (‘ontainiii;^ tin* emi- 
ju‘!:at(*d doubh* bond have been found to ^ive rubb(*r- 
liki* prodiiets oil pol\ meri/.atioii : — 

Ihitadiem* (’ll.. (’ll (’ll Clio 

I.-Kopri'iie (’ll.. (' - (^II (’II-j 

! 

( 11 :; 

' 2 : .’) Dimethvl biitadii-ne (.’ll:* (’ — (’ - (lly 

I I 

ell:. ell:, 

Durinu: the llreat ^^’ar, attention was dir<*et(Hl t(Y 
the maniifaet lire of ‘methyr rubber from diim*thyl 
biitadiem* as it was found to be supi'rior to those 
obtained from butadi(*ne or isoprem*. The raw 
mati'i'ial, ‘J-.'J dimethyl butadi(‘iie, was prepaix'd from 
acetone by reduction with aliimiiiinm anial{ram to 
pinaeoin* from which water xvas (‘liminati'd. 11ie 
a(*(*(one re(|uired for the purpose* was at first inmhi 
by the fernn*n(ation of potatoes, but as (his w'as an 
impm'tant artii’h* of food, it was Iat.(*r niad(* from 


183 


Vol. ir. No. 4 
OCTOBER 1D36 



SYNTHETIC PIASTICS 

ralciuin (•:n‘l)'ulr. ^riin*i* processes w(*re iiinstly 
follo\V(‘(l Tor pnlyiMei'i/.'itinii, (1) po]yiii(M‘i/:iHoii 

:i( low (oiiiperat iir<‘ for I nr n iimiitlis wliieli j^ave a 
liard variety, (“J) |)nlyiMeri/,at ii»ii at liijrli tiMupeiiitiire 
’) wlileh j^ave a soft variety, aial |!i) pnlymeri- 
/atinii at nnliiiary temp<‘ratiin* with metallie snfliitiii 
as a eataly>t in ('().. atinn'^phrre wliicdi jLTavJ* :i 
prniliiet. capable nf heiiiL;: iMillnil and extruded. 'I'Ik* 
linlymers obtained by all these ihreo processes, 
when vnleani/.<Ml in the ii-'iial niannei-, n;ave prodiK'ts 
of poor ipiality. In .'•trenuth and ilastieity tln*y 
were iiiiieh iiderior to natural rubber and wonld 
soon deteriorate owinu; to oxidation in aii*, and tlndr 
plasticity was so .-niall that tlnw <-onld hanlly be 
niilh‘d and o\triided --a proeos s(» nei*r'.>ary lor the 
forinalion of nibbei’ U. 

"riu* proee-.s of viihMni/ai i<ni was inii<‘h improved 
by the introdnetion of ‘aerelorators’ such as piperi- 
diniinn pentamethylene dl-thioearbonate, fornasi by 
thr* action of pipcridim* on carbon disulphide. 'Fin's 
siibstaiMM* not only ace<*h*rates vulcanization and 
makes more sidplmr enter into claanii'al combinatirn 
but alsi) serves to pp'vent di'teriorat ion dm* tt» 
oxidation. Since then, a larire nninix'r of otln*!* 
antioxiiiants and accelerators have Ix'cn introduced 
while tlie use of ‘pki'^t i<*izcrs’ like diniet hyl aniline, 
tolnideiie and other snbstanees made the material 
more plastic and capable of beiiej; milled. 

In the po-^t-Wai* days ;rreat impi’ovemeiits have 
been made both in the prcparati<m <d' raw matei-ials 
as well as in tin* methods of polymerization. Ihit 
perhai>s lla* most important imiuovement has be<*ii 
tin* discovery that im-orporation of <-aiboii bha-k 
with the synthetic product er<*atly increases its 
t<*nsile streiijirth which approaches tin* strene;ih of 
natural I'nbber. 

(Ireat imt)roV(‘mciits liave also be«*ii made in tin* 
processes nf polymerization 'which may be c*llceted 
(‘ither in mass or in emnlsions. Polymerization in 
mass follows jrcnerally the methods developcil diiriinj: 
tin* War, but tin* list* of .Va-I\ alloy in place of nn*tal- 
ii(* sodium in nitro;r(‘n atmosphere as well as other 
organic and inorjianii* <‘atalysts liax e irreatly r<‘dnc(‘d 
the time n*(iiiired for polymerization, whih* tin* pre- 
sence* eif stai'cli aial cellulose <*thei*s ami f»lher subs- 


tances sii<*h as v<*nyl-ethyI-other and dioxane during 
polymerization has jrreatly improved the quality of 
the products, partieidarly its plasticity. Similar 
n-siilts have been obtaineei by introdnetion of ehlo- 
riin* compounds ami c(‘rt:iin bases like ammonia, 
anilim*, and their derivatives. 

Att(*mpts to imitate nature* in tin* pre>duetie)n e>f 
artiiicial rnl)ber has produ(*(‘d vi‘ry em'oiira^in;; 
r<*>ults. It. is known that rubber lat(‘\' consists of an 
einulsiem ce)nsistin^ of about )>’)'« rubbe*r, the rest 
beinjx wale*r, proteins, re*sins, and salts — the* size* e»f 
the particle*s ransrinj!: be*twe*e‘n "o /e to .S /•. 'Fhe ieh*a 
id’ iinitatinfi: nature* by polyme*rizin^ in einnisions 
eM*e*urre*el e‘ve'n be-fore* the* W'ar but it is endy in re*e*e*nt 
ye*ars that i;n*at .siie*e*e*ss has bee'ii ae*hie*ve*d in this 
re*.-pe*e*t by the* I. (i. in (b*rmany. In the* pre*s(*nce* 
id’ suitable* catalysts, emulsions have* bc(>n foiiml to 
polymerize* vi'iy ra|Melly and at low le*nqM*rature* so 
that the* ibrniation of oily by-proe|uels as.sociate*el 
with heat t)olyme*rization was avoided and hi;fh 
yie‘Iels we“re obtaiin*d. 'Fhis synthe*tie* late*x e*an be* 
concentrate*d to pastes and tln*n elihite*d a^'ain with 
wate*r or <‘an be* e*oajL:nlale*el like* natural latex. 'Fin* 
partie’le* size* in lln*se synthe*ti(* <*niulsions is smalh*r 
and lie's be*twe*e‘n 't)o te» ‘'2 (*. 

'Fin* Mi(‘in*^ hydrocarbons are* e*ninlsilie*el wit h t In* 
help of soap, siilphonic aciels ainl tln*ir .sails, bile; 
ae-iels, e*lc., ainl are* then allowe*d to staml in the* 
pre*scnce* id’ various calaly^.ls such as hyelrooi'n 
pe'i'oxiele*, or^aiiie* and inortfaiiie* j)er-.’^alt.-«, ozonides, 
and various organic halo;:;en e'ompoiimls. W’hile* 
the* pedynn*rizal ion proce*ss rei|uire*el seve*i*al months 
in W'ar tinn*. it can now be coniph*te*d in a 
few hours. In the*se e'lnuKions, irum arabie*. e*asein, 
e*te' are often adili'el as pi'ole*e*tive* e'olloiels while* 
additiein of various ele*e*tr(dyte*s and |)lastie*ize‘rs 
improve* tlie> epiality of the product. 

It should be* n*me*nibi*re*d that natural rubbe*r is a 
he*ie*rojrrneHis sidistaiice, bcinj^ a mixture of various 
polyme*rs ed‘ dil1’e*i’e*nt sizi*s. Imitation ed’ nature* in 
(his re's|)e*<*t. has met with (*onsiele*ral»le sue*e*e*ss ami 
(In* epiality ed’ the* synthe*lie' pre)due*t has be*e>n ^'re*atiy 
iniprove*el by mixing: <line.*re*nt pedyme*rs obtained by 
dil1’e*re*nt. nn*thods of |)olymerizatie)n lu* by condue'tini^ 
the* po|yme*rization etf more than one* substane*e' siniiil- 
(ane>onsly. 
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Russian Synthetic Rubber 

it is said that lari^c quant it i(‘s nf syntlwtir 
riihIxT am Ixaiiy; mad** to-day in Russia usiiiy; Imta- 
di(‘U(' as a raw material, about 'jriDDO tons liaviii^ 
Imm'U produced in tlie y«‘ar MK>5. liiiladiene is made 
by the pyrolysis of alcohol in the preseiiee of cata- 
lysis such as a mixture of alumina and zinc oxide 
and is ])olymeriz(‘(l by tin* metallic sodium nietliod. 
'^rin* yi<‘ld of rubb(‘r is said to be about on the 

alcohol iisf*d. Details re^ardin^ quality aie imt 
available but it has been repurtt'd that lyres math* 
from it have ^iven a milage up to l!7,tMM) Kilometers 
under Russian e<mditi<ins. 'The eo>t of pi’o<hietion is 
appar(*ntly vi‘ry hi*;h but is not a matt<‘r of (‘niu'erii 
under the Soviet system. 

American Chloroprene Rubber 

'I'he y(«ar IIK’JI, tin* Du Rout Company annouiMM*d 
tin* dis<*ov(*ry of a syntln*ti<* rubiter made from ' 2 - 
ehloiMi I, .‘i butadi(*ne. In elasticity, extensibility, and 
strength it is said to b<* (*qnal to natural vuleaiii/ed 
rubber and in certain n*speels it is even better than 
natural rubber, h'or «*xample, it is mn<‘h less suscep- 
tible to det(*rioralion by oxidation, is more resistant 
to orjianie solvt*nls, ainl does not loose its 'treiitrlh 
in contact with mineral oils as natural rnbb(*r do<*s. 

"riie preparation of ehloropivin* and the nn'thod 
of its pi>lyni(*rization are mii<*h simpler. Aeetylein* 
is polymeri/.c*d to venyl ae(*t ylein* (( 'I I : Cl 1. C ; ( ’ll) 
in tin* prcM'iiee of cuprous and ammonium chlorides. 
Ry atldiiiLT m moh*<*nle of IK’I, it ;;i\'es 2 ehhu’o l.i’i 
butadiene ((’ll- :C. (’ll: (’ll-). Reiiiir a halojren 
- I 
Cl 

<h*rivative, it polynn ri/<*s mneb more re.-idily than 
isoprem* and hence the pr(*paralion of synthetic 
rubber from it takes only a few hours in contrast 
with S(*veral nnuiths required for the manfuaetiire of 
rubber from ‘‘diene” liydrtM'arboiis jliirinir the ^\^•^r 
linn*. When the polymerization is eoinphie, the 
mat(‘ri:il beeom(*s hard and inui-plastie (/<-p«>lymer) 
■similar to vnleainz(*d natural rubber. If partly poly- 
nn*riz(*d, it is obtained in a plastic form (u-polymer) 
similar to iinvulcaiiy.ied raw rubber ami can be mani- 


pulated like it. "The plastic u-pnlymer »-an be eonvert- 
etl into /'-i>olymer by heat when it beemues ela-tie 
and iiisolubh* like vuh*ani/ed rubber. 

Rtilymerizatioii is «'tTej*ted either in mass oi- in 
emulsiiiiis. In ma^s, the u-pnlymer is obtained by 
polynieri/atitm to tin* (*xlenl ill)",/ by exposun* t«> 

;i mi*reui*y are l.-mq) at a temperature of about ilo'M ' 
and then reniovini>: the imehaiiLO'd monomer. It is 
eonv<*rl<**l t<» the /e-polymer either by keeping: it for *.? 
or .*> days at oi-dinary leiniterat iin* or by lie.atin^ to 
a hii;h tem|>(‘ralure fm* a few minutes. 

In emulsions chloroprene is polynieri/.(*d at a 
low temperature, 'flie rate of pnlymerizatioii is so 
hi^h that it is dillieult to control tin* process which 
tends to pr<alin*e the //-|>olynn*r. ( 'hloroprein* emul- 

silied with sodium stearate nr other emulsifviiie; 
aireiils is alhiwed to st:md at onlinary tem|n*rat iii'e 
when lanj^e amount of heat is evi>lved and the ]>roee.ss 
is eompIet(‘tl in a tew honi’s proilueinu; a vuleanized 
latex which (‘an bi* stabilized by tin* addition of a 
litth* ammonia. 

'I’he ehai’aeter of tin* |»ol\mer and the rati* of 
polymerization can lx* alti*r(*d at will by tin* addition 
of suitable siibstanees. The eoiivei'-ioii of tin* <>- 
to the /' |x>lynier is accelerated b> addition of several 
salts and aromatic amiin*- which thus r(*.'i*nibh‘ tin* 
ae<M*h*rators ii.sed in the vule.-ini/ation of natural 
rubber. 

( )winu: to the L*r(*:it tendency of chloroprene and 
its plastic n-pi>|vmer to j»ol,\ merizi* even at ordi- 
nary l'*mperalure, its lariic-^-eah* manipulation would 
have been impossible without the discovery of inhi- 
bifors. It has been found that in the |)r(*sene(‘ of 
polyphenols, amines, etc., chloropreFie remains in tin* 
lh|uid stati* for ae. ind(‘linili*ly loni*' linn* and tin* 
eoiiversioii of the 'O|)o|\mfr to polymer is retard(*d 
by seeimdary amines sin h as phenyl /'-napht hylamine. 
If this inhibiti'd u-polymer lx* ln*;il(*d to |t)t)'’( ’, tin* 
iidiibitiiiL!; elVeet disappear^ and tin* eonver''ion ot 
^«-l(»the /'-polymer proceeds smoothly. 'Fliis disco- 
very is of i 4 i(*at importance as it (*n.ibh*^ iis to ke(*p 
tin* u*polynn*r in ])laslie state Ibr any n*asonabh‘ 
periixl of time and can tln'u lx* <‘onvei‘ted to /#- 
polyiin*!* will*!! desired. It has lieen estimated that 
about LM)U,nt)t) lbs of this ehloro-rubbev 1*^ maiiufae- 
tun*d in V. S. \. per annum. 
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SYNTHETIC PLASTICS 

Koroseal 

Anotlicr nihhfr-liko siibstMiwo li.i'i cimih* into 
tlio iiiiirkrt IVoiu I’. S. A. niul<*r <lu* iimiiu* oC Kru’o- 
soiil wliic’li is iiisidi* 1)Y v<*iiyl riiloridi*. 

liy lli<* muist* of jn)lyiii(‘ri/;ilijii), its pro- 

perfic*s fsiii 1)c v:ii*i<'d I’mm tlin«‘ nl' hiird riibbiM* 
to :l riibb(‘i' It b(‘ inrni‘pni*:itf‘<l with 

pl:isti('i/(‘rs, iiiatcrinU :ind pigments. .Lik(‘ 

4 'ld()i'o-riib 1 )i r, it is siip<'rior to iintimd rnbiwM' 
in its rcsist:iiic‘c tn oil.s mid solvmts niul 
doiii from :i(t:i('k by :iir. 'FyiTs ni.'idc id' this 
in:it(>n:il h:iv(‘ b(M>ii I'mind siipcrinr to tlioso nindo 
of n:itiir:d niblxM* l)y :i(‘tii:d rn:id tests. In ndditinn, 
it e:in be used :is :i tlK'i'iiiophi'^tie mid lieiiet^ emi be 
used over :i wider field. 

A Plea for the Development of the Thermoplastic 
Industry in India 

It has n'ceiitly been mniuiK'ed in the daily papers 
that the Industrial Ueseareh I>nn‘mt have appoint<*d 
a sub-eoininittee to invent ijrjite the pros and eons 
<if iisinj; easein as a therm<ipla>ti<*. Milk, iiidike 
many t»tlw*r <‘omiiiodities, is mi artieh* which <*annot 
be jireserved fora loiiy: time, and in <*ertain rural 
areas tin* e.vtreniely poor peasants have to di.Nfinse 
of their milk at a Indieronsly low price*. If a demand 
ean be e-n'ated for the milk-proehiet ease-in by eoiivi'rt- 
in^ it into a therino|ila''tie, it will nu>an a eii‘^‘at 
reonoinie relie-f to the pnor aiirieiiltnrisls. 'fhe etleet 
of iisiiijr such an impurtant article of food for imlns- 
trial (Mirpose on the health of the po|)nlation shoiihl 
however be invest ij^af eel :inei the- appointnu*iit of 
the snb-eomniitte*e* to inve'stijjate* this point is tiien*- 
fen'O a move in the* ri;>[ht eliivetion. 

It has 1)e*en re*pe)rl(*d that Inelia ini|)orts eellnloiel 
gemds worth more than l.o e*ron's of rnpee-s pe-r 
aiiiinm. 'riie eellnloiel factories in this eonntry, so 
far as the* author is aware, import tln*ir eelliiioid in 
mass from abroael, mainly from Japan, and men>ly 
knead this impmti'el inate>rial with stJve'iits and 
mould it into shape. It is elillie*iilt to iindeTstaiid 
why the pyro.\yle*iM* n(*ee*s.sary for the* piirpeise 
should not be umnufactured in this country when 


all the raw materials exi'Cpt ]K*rhaps eamiihor are^ 
availa))h* he*re*. 

\ few moiilelin^ fae*torie*s iisinj; moulding pe)welers 
importc‘d from abroael have ree(*ntly been establishe*d 
in this eemiitry and the‘ir products have attraete^el 
};re‘at pnlJie* atte>ntion. Kiii:iire*s inelie'atiii}; the 
value* of the* imports of synthe*tie* resin article's are 
not available* but considerinj>: the* exte'iisive* field 
for their use*, the'se* li*riire*s will e*e*rtainly l)e* ve*ry 
hijrli. There* is no risk that the* svnthe*tie* re*sins, 
if ele*ve‘le>ped in Inelia. will compete* with ineli^e>noils 
slie‘llac. I'he synthe'tie resin inelnstry is now con- 
snniiii^ more aiiel more* shellae* aiiel feir this re*:!son 
the eh'inmid for shell.-ie* has incre*:ise*el in re*e*e*nt 
ye-ars. It is said that Japan eleve'lop(*d he>r e*e*llnIoiel 
inelnstry in orde*!* to create* a (ie*iel tor her camplior 
which was thre'ate-iu-el by ihe* sYntlie*tie* mate*rial. 
One* of the means of ereatinv!: a iiiarke*!. for Indian 
shi'llac wemlel be* to elevelop a synthe*tic resin 
inelnstry which wonhl e'onsnnie this important iiieii- 
jUfe'iuMis proeliie't anel not. se*rve* as its rival. It is 
al.M) like*iy lei create* :i niarke*t for inferieir e*ott<in anel 
either fibre's Ibr whie*h the*r<* is at pre'seiit not nine'll 
(h'liiand. 

The raw mate*rlals are* not ililfie'iilt tei mmin- 
fae-tiire* in this e-emnlry. (\>al tar anel me*thyl ah'oheil 
ne*e*e*ssary for the inannfae'tnre* of phenol anil for- 
iiialeli'hyele* are* abiiiielant. I're*a ami thieinrea can 
easily be inaele* from e'alciinn e'ymianiide* anel ammo- 
iiinm snlpheieyanide. Coal tar also supplies naph- 
thalin which can be e ..sily e'onverte*el into pihalie* 
acid, (dye-erine and nnsal nr.'iteel .-le-iils an* obtainable* 
from the* abiimlaiit ."njiply of indiue*mins ve'y:e*table* 
<»ils anel tin* mmmfae-tnre id' }jjlyee*rine can be nnele*i- 
takcii wiM» e’oiilidenci* if its prie*e* ri'inaiiis sti'aely 
and its demand in peae'c time* be* assnre-d. Ineliaii 
labemr is re*porfe'el to be particularly skilful in 
iMonhlin^ indiislrii's and Inelia oHers a hir^e anel 
e*ve*r-increasin«r marke*t for the*se* proelne*1s wliih* inte*r- 
nal e'ompe'tition at h*ast for the* pre'sent — is practi- 
<*;illy abse-nt. 'rhi*re* is no l•eason the*refore* why 
Inelia shonlel not have* a ])rospe*rons plastic inelnstry 
ed’ its own. To-elay e*very civilize'd e*onntry is dt*- 
ve*lopin(r this industry anel one*e* India falls be‘hind 
in this inte*rnationa1 ra<*e*, it may se>on be impossible*, 
without (jove*riiment coming to the re.seue, to make* 
good tho ground lost now. 
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Illumination — Past and Present 


P N. Ghosh 

GhoHh Profesnor of Applied Piiygi.'H, (.’alciifta Univt-rsity. 

Till-: v«'ry <‘:irli(*st impression of tlu* diiwiiin^' 

of tlii>se Imm’iijts wlio wen* tin* :iiiteei‘(l(*nls 
of men must Inive been (lie <*onscionsncss of tin* 
cliilerenet* helweeii li^lit. :iml (1:ir1\m‘ss. 'riiey evident- 
ly jissoeiated dnrkness Avith d;iny:(‘r ami evil as lliey 
were iinabli* (o reaet el!ee(iv«*ly to their siirroiindin^s. 
Jn the eone(‘pt of ereadon as evin(*ed in the different 
litei’atiires of the Kast as well as of (he West oiu* 
limls the starting point to be a sta^e of dismal dai'k- 
m‘ss spr(‘adin<r over the whole ^lobe, siieh as, usjiti- 
dnut tttiHohhiittnit or “In the lk*^innin^ then? was 
\othin^’\ blit th(! ni(‘reifiil Providence desired the 
appearaner* of iijrht— .“i bxl said ‘lict there be Ij<;ht* 
and there was Lijxlit”. »Sn<-h hav<? bei^n the early 
(railitions indicative* of an attempt to seciin* for man 
tin* bem*licent li^ht and illumination. 

hVoni tin* n'lnains of tin* (‘arliest tra(*(*s of man, 
one? finds, Ix'sieles otln*r thinjiis, also arti<*h*s us<*d to 
liirhten his darkness. Amonj^st (he woinh*rfid dis- 
coveries ma<h* ill (In* <*xcavations at 1 *r of tin* 
('haldeans in Mesopotamia, oin* finds oil lamps of 
ln*autiful d<*si<riis dating fnan in*arly 1000 U. i'. n*veal- 
in«^ a civilization ohl<*r than that of Kjrypt. l/.iiups 
found near the earthly n*mains of one of (In* Snnn*r- 
iaii (im*eiis, named Shiib-Ad, are in fin* form of 
shallow, open bowls with the usual lony; lijis for the 
wii'ks to rest in. Sonn* of the lamps an* of jrold of 
a heavy Ihited desijrn, the workmanship would elo 
creilit to any pre.sent-d;iy nn*tal AVork(*r and is indi- 
cative of a t<*chni([ne hardly suspected to be pre- 
valent in so n*mote an ajje. All these* lamps miisl 
have been used in lln*ir life-tinn* ainl wen* plae*c*el by 
the sides of their owik'I's at death, to help tln*ni in 
tln*ir passage* from this world tei the iie\l. O'ln* 
<lab*s of tln*se lamps have* been ase*rib<*d by arch;n*o- 
to be? about IlhOO \\. r. That is in*arly liOtM) 
years a^o. 

If we are pcTmitted to peep into the dim a^es of 
the past Avhen man with same nature and feelings as 


oiir> liveel, lovcel, workcel, and elied, we fiinl him 
f.ae'inu: tin* same* illiiminal ion problems as we* are* 
eloiiig fo-elay, .Ne‘i‘king to ri*uiilate* tin* light eif the* 
elay to e*nti‘r his habitations and to siipph*nn‘nt it at 
night as e*ne*e*tivi'ly as his kintwli*elgc woulel pe‘rmit. 
Ib*vie*wing our position re-gareling illiimin:ition we* 
fine] that from |()t)l) u. e-. to in*arly lSt)() A. I». e.'lose* 
upon ti()t)t) yi'ars his knowh'dgi* elid not fake* him 
fiirthe*r than fin* use* ol a wie'k elippe‘el in eeil e>r eif a 
e'ainlle* maele* from waxe*s and fafs. In the* Kast, 
tin* land ed“ (re>pie*s, i‘vie|e*nrly in s«>me* distant re>un)te 
.*lge* tin* elisceeve'ry e»f tin* oil-se*e*eb, brsidos preivielilig 
man with his natural food, snpplie'ii also his illiimi- 
mint for tin* night. In f:i(‘t, oil was tin* iinive*rsal 
ilhimiiiiint e>f e‘\'«*ry iioiiscliolel, «)f i*ve'ry re'ligieuis 
sane*(iiary, eu* of piiblie* plae‘e*s of woiship. In the? 
\\’e*>t in?t fav«mre*el with ve*gi*tat ieuis yie*Ieruig tin? 
in*e*essary e>il, tin* prope‘rtii*s of tin* bi*(*-wa.\ and 
fallow e*ainlh*s we*n* similarly eli>Ne*ovi*re*el. In the* \\\*st 
sei far as one* can ge‘t fVeun fin* re*ce>rel>, from ;ibeuit 
IfitM) tei ISDO A. o. e*anelh* was tin* principal soiire*e* 
e»f light. I*A’e*ry hoUSe*hielel hael its stock eef (In* 
e*anelle*s ami e*ve‘ryoin* iiM'el to e-ari’y a e*amlh* (*v(*ii 
to his be*el side*. In many I'oinitrics (he* proelue'tion 
ami use* ed’ the*>e* I'ainlh's we*re* siipporte'el by the 
State* ami in Lomloii tin* W'ler^hipfiil ('oinpaiiyof 
’^rallow ( *hanelle*is flourishe*el iineli*r Ifoyal (’harte*r. 
The*y have* still geif tln‘ir soe*le*ty at its ( iiiild-I l:dl, 
at Dowgate*-! lill in tin* e'it.y of Lemelon. 

Be*siele*s tin* talhiw, the* blnbbe*r eef spe‘rm wbale*, 
the* se)-e*allcd >pe*rmae*ctti, was the* ciemmon wax for 
e*anelle manufaelun*. Kings and imbh's nse*d te) 
de*rive* large* ine'eiun* frean its traele*. 'rims in the? 
peirt eef l>re*nn‘n in the* Kith e*e'n(iirv erne* finels among 
the re*cords :i tax impose*d een (his wax amoiiiiting 
to l.'iOOO geelel e*e)ins. Sue*li has be*e*n the* histeiry e»f 
the* illuniinant e>f the* mielelle* age*s. The* preigre*ssivo. 
AVe*st in its .-sc.-irch for fin*I eIise*e)V(*re*d the* mineral 
eev.d whieh feirnis a landmark in the histeny of 
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(‘ivili/sitioii. It brnii^lit in its train tlio strain cn^iiio, 
tli(‘ ni<‘tallnr^;y of iron and otiicr iiii'rliaiiiL'al inviai- 
tioiis <‘]iara<‘t<'ri>ti(* of tla* latter pari of tin* IStli 
century. 

Gas 

In tia* Pliilnsi}j}hlnil Tniusiirlinns of 
of the Royal S«n-iely of liOiidoii \ve lind a n*fereiu*e 
of the re-j-ai'i-lH's of rioliii < 'laytfiii, D. n., wlio .sli(»\v(‘d 
that 1 ‘oal l)iirnt in an enelosnif* ^ives out a ^as \vhi«‘h 
(•(Hihl l>e li;i:hted -- the lir>t relVnMiee of a n(‘W ilhi- 
ininant hron^hl to the noiie(> of man. Ihit it was 
NN’iiliam Murdoch to whom is asi-rilx d th<‘ practical 
application of coal ^:a.s to domc.stic liirhtini^. lie 
li} 4 ht(‘d his lions<> in lh‘d Ruth, (’<»rnwall, in I7(L\ 
It, however, took not h‘ss tiian H) years to iitili/c 
this type of li;rhtin^ for pnl»lic-sl rcr*! iiliimination. 
It may he nnaitioned in this (*onncction that tiic 
practice of pnl»lic-st rc<t liirhtinc; is h> no means 
contiiied to modern tim<‘s. 'I'lie (ircck historian 
states that the strc<'t> of Antioch w<*re liiilited in 
the 1th (‘(‘iitnry n. r. ami it is further reeord<‘d 
lliat in oot) A. l». the Roman (lovernor of Rdessa 
took some of th(‘ oil from tin* <‘hnreh<>s in order to 
keep the stn'ct lamps l)(irnin.i>: all ni^iiht. In fact, 
even during the middle a^cs practically all the 
priiK'ipal <‘iti«‘s of the \\'c>l and some of tin* Ka'^tern 
cities had pnl»lie-sl reel li;!:li( iiiji^, h'rnin the rr-eords 
of the Rritish Rarliament it is found that thou*rh 
strei'ts in Kiijilaml w<'re lighted dnriiijL!: the rei;xn 
of Henry \’lll, hii^hway rohhery was eonimitti'd 
with impunity, and >neh have l)c<‘n the ravat^es of 
these jirmil lenieii that Henry \' 1 1 1 ordered, “I land 
lip the tiiieves and h‘t hom'^t men stay indoors,” 
and ihirinir his reijrn no h-ss than 7*J<td persons were 
hanc'f'd. Legislation was put in force to direct 
that (‘Very honest eiti/en should put up a l:interii 
on his do(»r front to help tin* pnhlie iiliimination — 
an order which was hardly carried out liy the citi- 
zens of the timi'. 

('oniin;; a;i;ain to the (|iie.-.|ion of doiiii'stii* and 
pnhlie illumination, it is worthwhile to renuMnlxM* 
that y:reat impctii" to ^as lijrhtine; was dm* to the 
discovery of the Ihniseii hnrn(‘r. In the year I Slit) 
Aiier von Welshhaeh, while a student at Riinsen’s 


lahoratory at I leidelhm’};, discovered that, the ash 
formed hy l)nrnin}i: a cotton fahrie \vhieh was satiira- 
t<‘d in a solution of erhiiim salts, aft<‘r iMiriiinjj; out 
tin* oru;ani(‘ mattm*, would take the sk(‘leton shape 
of th(‘ orijjinal fahrie and would adhere, to form a 
mesh of (‘onsid(‘rahht strc'iijxlh. This (im^ly-dividi'd 
a.sh fahrie*, wh(‘n siispemh'd in tin* ilaim* of a Rnnsen 
hiirni*!*, h(‘eaim* intensi'ly Inminons. 'I’he earliest 
inanth's w(‘r(‘ composed of a mixtnn^ of laiithamin 
and zireoniinn oxides ; th(‘ pnvsiait-day mantles 
an*. how(‘V(‘r, impn‘^nat(‘d with thorium and ei'i’iiim 
nitrates (thoria JMt p.e., eeria I p.e.). Me shall 
soon s(*(* how this important discovery of Welshhaeh 
serv(‘d to pn^lonj^ the life of y;as li«*;htinu; in onr 
moiiern thoron(rhfar(‘s. 

Coming of Electricity 

Ihit tin* mod(‘i‘n illnminaiinu: a^(‘nt is n(‘ith(‘r 
the :i‘i:e-old oil and wax nor the coal gas, hut the 
energy which introduced a new (‘ra in the world's 
history, namely, tin* elei*trieal energy. It might lx* 
stat(‘d that illumination, as it is no^Y nmh'r.stood, is 
pnietically ti'uding to he (‘iitirely el(*etrieal. Near 
ahoiit the latt(*r part, of tin* last century when 
iin‘<*hani(‘al invi'Utions and nn‘ehanieal dr’viees were 
iimre and more intrixlne(‘d in tin* I 'nitt'd States of 
Anieri(‘a tin* (*leetri(* an* for pnhlie ilhimination 
purpose was ado])t(*d in S(*veral eitii*s, though tin* 
history of tin* (*h*etrie an* dat(*s hack to tin* year ISO!) 
when Davy first light(*d his (*l(*elrie are in his labo- 
ratory and though Av(*nin* ih* I’C )p(*ra in Haris in 
ISIT) w'as lighl(*d up hy JahloehkolV candle with 
the ln*lp of eight-hnndr(*d I )anii*ll cells. The pro- 
gr(*svive Ann*rieans r(*ally took tin* lead in pnhlie 
iiliimination hy inirodneing tin* ar(* light in tln*ir 
stre(*ts. Ti.v* int(*nse himiiiosity and tin* glan; of 
tin; are were too strong to he of pi'aeti(*al utility 
ill doniestii* lighting. Kdi.son thought, to divide tin? 
light. In his attempt to siihdivide tin* light his 
inventive mind looki'd into tin* iiropcriic's of various 
niat<*rials and linally s(‘h‘(*t(‘d earhon lilann*nt (*nelo- 
s(*d in :i vaennni glass gloln* as a first ineainh'sei'ut 
electric lamp. It is ratln*r int(*r(*sting to note* how 
In* tri(*d to lind out a veg(*tahh* lihn* to form tin* 
mat(‘rial for his HIam(*nt and how* hamboo iihn* 
was tinally seh*eted. Just as Kdison was (‘iideavonr- 
ing to design the ele(*trie ineandesceiit lamp in 
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AnuTicn, sit did Sw;in in Kn^liind. In 
both nf tiinn sihtimmIimI in invent in^ (he 
l:iiii|). It >v:is, Imwpvrr, soon ilisiMivorod tlio 

pnii-icnry of snoli Isimps d(‘toi'ior:il(>d mpidly witli 
ns(*. Tlw' (ilMiiKMit irradiially l)<*i*amc* tliin and tlic 
carbon particles were ejected out from the iilaineiHs 
and stuck to the surface insido (he lamps and obs- 
tructed the passajre of li'^lit. ^riu* sear<*h of subs- 
tani'cs of hijrh ini'ltiuj; point eapabic of withsiaiidiiiu: 
hijrh heat and at the same tiim* emitting; strong li^hl 
b(‘came a ])roblcm. Near about the nineties Neriist 
discover(‘d that (‘ertaiii oxides of rare earth (‘oidd 
be pasted round a tine platinum win* which, when 
hcatiul, jrave mit an intense «r|ow <*ven if exposed to 
the ordinary atmosphere, and the Nerust filament 
lamp be<‘ame anolluT electric! lamp. Its use, how- 
c‘V<'r, has been r(‘stric(ed and it I'ciiuires <*arcful hand- 
linjf to kirp the ran* earth in posit iim. 

Petroleum Lamps 

At this staii'e it is worthwhile to have a little 
dij»Tession. It is well known that during; the eij^hties 
the vast oil-ticlds of the I . S. A. were discovered 
and the crude oil thus sciaircd has been an cIcMiKMit 
of oreat utility in the' mai'ch of civilization. Tla* 
common kerosene has bt'cn one of its (‘hild and in 
the early nineties lamps of various desijrns wcr<‘ 
introduced all over the world and this (>ai’th oil 
derivative, kcrosruc, gradually supplant(>d the a-re- 
old vc^(‘tabl(‘ oils for (loiiu'st ic illumination. 'rhouii!:h 
now the principal citii's of the world have Im-cii 
seciirinjx (‘lei’lrical eneryiy. the distant rural homes 
all (»vcr the wni’ld are yet devoid of this power- 
ful agency. The kerosene has been the principal 
illiiminaiit of the rural homes of Kast and Wot. 
^.riie various types of lanterns and lamps have 
umhu'^oiu' remarkable ehanf^es within the last 
cjuarler of a century, and om* can stale with 
impunity that llu* pres<*nt- enclosed hurricane-lamp 
has beem :i friemd of tlu* rich and poor alike 
in all tin* rural tracts, 'riu* lamp in its present 
form was introduced by Dietz in New York, (^iiite 
recently lamps of similar desiyin claimed to be of 
hijrlier elVieieney have also bi'cn put into the marki-t 
by Nier. For indoor purpose's the Aviek iii oil lamps 


W'as of poor luminosity, but recently their illmuinat- 
iiijr pow’er has be<*ii rendered more eMieieiit by the 
introduction of compresM'd air into the* lamp (‘on- 
taininu: ki‘ri»sone. The ni'wer types of lamps use 
rare earth mantles and the dazzling white lijrlit 
emitted by such lamps i> far superior to any other 
f'omiiion illuminant. Aintther derivativi' of this ('arih 
oil is the pi'trol. the common motor fuel w'hich has 
enabled man to com|Ucr the air. Petrol is used 
in specially desii^ncd lamps and its i^aseous non- 
InminttiiN llanie imparts suilicieiit heat to tin' mantles 
forming a da/zlinu: white-li^ht lamp. 

In the latter part of tin' last century as 
elei'trie lamps wen* irettiny; gradually nioi-e and 
more prominent it beeanie the serious rival to 
the jijas liirhtini!: which wa" nearly about a century 
old. Invest ie^^at ions to imjirove the ellicicMicy 
of low'-pressnre •ra-' lamps (!»" water pressure) 
led to the* UM‘ «»f luLilH'r pre>'»ures to secure 
not only hiyiher hcatiny; for the mantles but. 
also a belter and loim'C'r surface for illumination, 
^riie juas is further pre-lieal<*d to increase tin* teui' 
pi'ratiire of the flame Ihit in spite of these* 
improviMuents of the jxas lamps the present t<‘nd(‘m*y 
is t ) adopt more ami more the I'leetrical eiieryiy 
for ilhimination purposes. 'The ea^e of li^htinsx the 
lamp ijiiiekly, the ab-nenee of fumes and other pro- 
ducts Ilf <*ombustion, ha\c naturally led towanis 
adoption of electric lamps. 

Measurement of Illumination 

It would b(‘ now worthwhih' to consider the 
fact that when everx houselmld iiM-d it-* oil lamps 
oi* its w'ax candles tin* adoption o| a standard lor 
illumination pur|>os<‘.s was not of much |consi<lera- 
tion. When, however, public bodies and c<»rporation 
took 11]) the supply of ixas and electric I'nerjxy as 
ilhuiiinants for household and public purposes the 
(piestion of standardization naturally arosi*. It 
is rather curious to note that thoU(>;h tlu* Uritish 
people Avc're lh«* pioneer in this Mm* still by the 
Act i»f Farliameni they stuck to the nld candles as 
their standard, '^riu'ir candle was of su|»ermai'(‘tti 
Avax Aveijrliiny: six to thi‘ pound, burning l*Jt) jri-jiins 
per hour. Tin* Avax Avas nex'i'r of a uniiorin eoinposi- 
lion and so much Avas the Avick alleeteil by the 
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(Iniii^lits tliiit siicli a >t:iiHiar<l was snnti t'oiiiHl tf> 
l)(‘ iiiir(‘lial>h‘ I'nr sciciitii'M' |nir|»ns«‘s. The Fmicli, 
on tlif‘ ntli(‘r iiaial, adopted a .>p(‘eial type of lamp 
introdiieed l»y (’areel witli definitr* speca'Iieation for 
its si/e and wiek, hnriiin^ eol/a oil (onr mustard 
oil), 'riie luminosity of tlie lamp was lixed l»y the 
si/e of the flame and the wei»iht of the oil burnt 
is ascertained by putting: tin* lamp on on(> pan of 
a 1>alanee. ^fhe (iermans ado|)ted :is their unit 
tie* lamp siiji^iested by Hefner which burns pure 
amyl :i<‘etate and ^ives a llame 10 mm. in li.u[ht 
after ten niinntes of bnrnini;. Tin* reprodiuability 
of this lamp and the purity of its working snbstanee 
nndonbtedly led to its adopt imi in <‘entral Kiiropt^ 
as a standard. Ihit th<‘ lamp siitlen'd from the 
defect that its colour is somewhat reddish and it is 
at1e(‘t(Ml by Immidily and earboiedioxiiie content 
of tlu‘ atm(»sph(‘n‘. Meanwhile Sir N'ernoii llan'oiirt 
in Kurland sii^jr^stcd the standard lam|) in which 
lientam* is the workintr Ihiid and the no//i(> is of a 
n‘fract<n‘y material. The standard pentane lamp is 
of fen-candle power and is miw practically adopted 
as standard all over the world, sptMdally amon^ the 
Kn^lish-speakiiijii: people. The (lermaii I lefiuT lamp 
is about 0.0 internati<mal eamlh', and these* thr<*e 
units now have* been (»t1iciali/ed by the Inte'i'iiat ional 
llliiininatioii ( 'oniniission. 

H(‘^ar<linu: the m<‘asnn‘nient of ilinminatiein, the 
rnternational (*ommi>sion of 1001 has a<lopt(*d d<‘ti- 
nite nomenclature for the li^dit :is the* ilinmination. 
The determination of this noimaKdatiire* is based on 
the Ibllowinjf coiisielcrations : - 

.\n ide'al candle has bet'ii siippeiscd to be (*apable 
of eniitlin<; li^:ht i‘<inally in all directions and the 
ii^ht it emits in a unit soliel aii^ile is delined to be 
om* Lumen, 'rims if we deseribe a splua’c of 1 cm. 
radius round a point the surface of this sphere has 
an ar(‘a of sepiare' ceaitinieters and om* .sepiare 
(‘cntimeter are^a on its snrfae'c is s:iid to snbtend 
unit anjjjle at its centre (lM«r. I), 'fliiis w<‘ jret tin* 
eam*ept <»f “Lnim ir’. An international candle jrives 
out Lnni(‘ns. Now a Imnen striking on a surface 
.1 s(|. ft. area at a distane<* of 1 ft. from a radiating 
])oint produces an illmnination '"of 1 ft. candle'’, 
W'herea.s, if 1 mct»*r be the di.'^tance, then on an area 


1 s(|. meter the illumination is 1 “Lux.” Since the 
ratio of a foot to a meter is little more than three 
times and since propat^ation of lights follows the 


Unit area subtended by unit solid angle 



The unit of flux 


inverse .si|iijire law, ID Lnx becomes e(|md to 1 ft. 
camlle. Tims \yv can understand the usual nrmienela- 
tiire now used in illumination |)ra(die(*. 

We hav(? now to deal with the actual methods 
of m(*asnrem(‘nts introdnc(*d in standardi/in^ ])rac- 
ti<*e. W«* kn«»w that tin* eye is a ba<l jndjr<‘ of brij^ht- 
n<‘ss but it can fairly discriminate* b(*tw(M‘n two 
adjacent surface's wln*the*r thi'V are* e*ejiially Ii{j:hte*el 
eir imt. The* snbjee•tive^ photonie‘try is ne»w we*ll 
kneiwn anel the* dincrent type's of phe)te>nie‘te‘rs se» far 
nse*d, fre>m the «rr(‘ase' sp«>t phe>t«)nn*te*r e»f Ihmsf*n te> 
that e>f Iaimme‘r l>re)elhmi e'etntrast type* now nnive*r- 
.sally aelopte>el, are ns(‘d in all standarel labm*atorie*s 
e»f the* worlel. It may he*re* be* pe)inte*el out that tin* 
visual plnitmne'try is really a physiological rnne‘tie)n 
e»f the e*yt* anel re*e*ently atte*m|>ts have* bee*n maelc le> 
snbstitnte* the* hmnan e*ye* by the^ ele*e*treM)ptie*al e*ye* 
of a pln)te>-ele*e*trie cell. This also snl1e*rs frean the* 
peculiar eharae‘te‘ristie‘s e>f the ce*!! in epie'stieui anel 
the* me)difie'atie)ii e)f its pre)pertie*s wdth e’emtinnal ii.se*. 

Tln*re* is ane>lhe*r fae*tor weu'th considering that 
tlie>n^h the* ideal e*anelle has been snppos(*d te) be* 
emitting li^ht ('epially well in all dire'ctiems this can 
harelly be reali/ed in practice*, 'riie lamp e*vidently 
has diflV're'iit linniimsity in dilT'erent dirc'ediems. In 
the e>rdinary eanelh's and all e)i1-bnrnin^ lamps it 
dejcs ne)t illuminate* pea'nts lying ve*rtieally bele»w it. 
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TIk* iiivcrtc*! jrjis niMiitlo ;is well :is tlic iiivfTtod 

olr'i'trit* liiili) iilso Ims nn li<r|it to all 

points lyinjr dircclly jibovc il. So il is natural to 
asoortain some moan value I’nr tlie illnininatin^ p<»wer 
or the Inininosity of any lamp. '^I'liis valm* is tei'lmi- 
cally known as Menu Splu'rhtil (\iittilft I\nrcr in 
Lumens. '^I'lie aetiial (l(‘nvalion oi' this vahir* with 
the help of a standard photomcti*!' i< a ({iie'^tion of 
a little math<‘mati(‘al ('aleiilatinn. Ihit tor rapid 
estimations of this valm* special phntt»met<‘rs have 
been evolved, 'rin* piin<*iple of such pho|oiin‘t<‘rs 
d(‘p(‘nds on the fact that when any lamp i.'^ em'loscd 
on all si<h‘s by a spheri(‘al hollow box the li^lit 
(‘initted by it would afti'r a iinmlxM* of internal 
seatterinj; from any whit<‘ matt snrfa<*e will y:ive 
out its m(‘an valin* in any dire<‘(ion. Ihit in that 
dlr(‘(‘tion the dir(‘ct li^ht of the lamps slaadd bo 
()bstriu‘tr‘d. ^'lie ai'ea of ob>trnetion to the ar<'a 
of the tMielosed matt surface slionld lu'ver l)e le-'S 


than 1 loth ratio. 'I'lu'se photometers are known 
as sph(M‘(‘ photomet<'rs in’ cube photometers at'cordin^ 
ti» the shape of the em'Iosiirr'. 

So far we have dealt veiw roimhiy with the 
tieviees now adopted for nieasiireiiMMit of luminosity. 
For the mea>nrement of the ilhmiination the >im]>le 
law that illumination is d(‘p(‘iideiit upon the direction 
in whii'h li^lit is fallinu; on :i surface is well known, 
'riiis is known as the eosim* law of Lambert. N(»w 
direet etimparisoii with a standard source with tin* 
lijjht falling: on any surface naturally would yiive 
results as one dcsii’e-: eitlar in Lux or in foot 
eainlles. Ciuile r«'i*ently aiioiln-r interesting: property 
id :i (‘ell (‘omposiMl id eo|)per oxide and copper has 
been discovered. Such a composite cell behaves 
as an electric cell whos*. volta'je i*- measured in terms 
id’ the liirht that illiiminales it. 'riie^e photo-voltaic 
cells are eominji’ more and iiioic into general use 
for t(‘(*hnieal piu poses of illiiminat ion measurement. 

Tu hv nm/hffUti. 
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Sukhendu Chaud huri 

Towards tin* closr* (tf (lu‘ iiiiirtoiMith riMitiiry it was 
defiiiitt*ly cstabli.'^Iird tluit <‘nnsi.sl.s nf flfrlro- 

nia^iietic; wavt's of Viiryiii^ IrMi^rtli, aii<l (litliTcait kinds 
of lyit dittiT only ill llu'ir wavi'lnitrtli. Its triiiiiipli 
over tlic* fild cnrinisriilar tli<*<»ry was tlidii^lil tnla* liiia) 
and I'oiiiploto, particularly after tlic brilliant c\pc*ri- 
nionts of Hertz in 18«S7 which (h'iiionstrat(‘d, bcyoial 
doubt, the fiindaiiu'iital souiidnrss of Maxwell's 
electroiiiaKuetie tluHiry of lijrht. Ihit this stroiijr 
foundation of tin* theory of lijrbt was shake n to tin* 
root by the phenonnuion of what is <*alle<| llie photo- 
electric emission, that is, tin* etnission »»f <*lec-trons 
from metal surface's wIk'u lijjht eif sulliciently short 
wavelengtli is incident n])on them. In order to 
explain the* photo-eh'ctrie pheuoiiK'uon Kinstein siijr- 
ffested that litfht consisteel of units of energy, or 
plioton, whii'h behaved prae'tically like* particles. All 
the photons in a <fiv(*n kind of lijrht are tin* saim», the 
stronger the light the more numerous I lu-y an*. 1'he 
eiiei’gy of each photon is the IVe<(ueney of light 
multiplied by the (iiiaiitity h wliich is a con^ljint of 
the (|uantnni theory of Planck. 

Now tlie photon theory of light is all very well 
for the explanation of photo-ele<'tri<* i-ltbi't, but to 
explain the phenomenon of dinVaetioii of light we 
have to take recourse to the wav<* theory of light. 
Thus it aptiears that light soinetiiiies behavo< like 
waves and sometimes like jiarticles. 

Again it is a fact that, when (‘xciti'd, atoms of 
any element can be made to emit light and each 
element emits its own charaeteristh* radiations, cha- 
racterized by definite freum'ucies. One and only 
one theory wa.s found capable of explaining the 
wavelengths of tlieir emitted radiation even in 
geiiorsil terms. This was the t!i(*ory due to Niels 
Bohr who had tf» assume a beliavunir of the ole<*tii)iis, 
which Is (|iiitc c.*ntrary to ordinary dynamic.^ and 


<*iirioii.slv (*nongh, tin* smiii* (plant it y // came in. 
'I'he real troiibh* was that in som<* phenomena tin* 
(*h‘etrons followed old laws, while in others again, a 
new type of iiieehanies was reipiin'd whieh is ipiite 
distiiiet Irom N(‘wtoiiian iiiechaiiies. Sonn*tiiii(*s 
(‘veil the two sets ol'-laws had to be iisi'd in the same 
(‘ahailat ion. In tin* words of (3. P. '^I'liomson W(* may 
say that “the i>osition of a physieist iiiv(*st igatiiig an 
atom was r:ith(*r lik(* th:it of a iii:in trying to make 
sense of an a(‘(‘oiint of a game whieii started as golf 
and sndd(‘iiiy, for no appari'iit reason, turned into 
tennis and then back to golf again. W’orsi* still, as 
film* went on it bccaim* clear tliat tin* electrons did 
not play fair even at tin* game th(\v bad for tin* mo- 
ment ehoseii”. Thus whein‘V(‘r we try to go deepc'i* 
into tlie atoms we an* puzzled to see the behaviour 
of tin* el(*ct(*troiis (*omposing tln‘m somctinn‘s app(‘ar- 
ing ill one form and then in another ditlen'iit from 
the first as if playing hkle and s(*ek with the observi.*r, 
avoiding detection. Strangely enough, the saiin* 
(plant ity h is always attached to the interpretation 
of the b(*havi(mr of elct irons from tin* standpoint of 
new mei'liaiiies. 

Prom this we can safely argue that the pheiio- 
iin*noii is clearly connected with the photo-eh*etrie 
paradox. He Hroglie was tin* first to ])nt forward an 
(‘xplaiiation which can sneeessfidly solve tliesi* dif- 
(ieiilties. His theory is a highly mathematical one 
based on the theory of lb*lativity. We .shall not de:il 
here with the theory of de Broglie but we shall aceejit 
only the results of his theory. His eoncliisioii was 
that any moving partieh*s would be aeeomtiaiiied by 
a group of waves wliose velocity and wavelength are 
governed by the speed and mass of the jiarticics. He 
postulated tliat tliis group of >vaves, like pilots, 
eontndlecl the motion of the .particles. These are 
wdiat are known a.s do Broglie waves. 
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According to dc Hroglio, if w© is tl»c nia.ss of 
the pnrticlc for slow spood and /• tlu* velocity, 
the wavelength >> of the the associated wave i> 
given by 



r 


where h is the well-known Plan<‘k eimstant 
whoso value is ti.oo in’""* erg sees, and 

f. refers to the velocity of light in vaeno and 
ecpinls H S 10 cm/soc. approximately. If r 
can bo neglected compared tr> e. (lie above 
('(Illation rediie(*s more simply to 


The wave velocity T is given by 



whereas (lie group velocity I’ become.- e<nial to (lie 
spe(*(l of (he particle. 

Prom e(|natioii (1) we can at once tiiid out the 
>vavel<*ngth e(HTesponding to a particle of known 
mass and known velocity, in fa<‘t this has Ix'cii 
ealeiilated in the <*ase of an eleetron. For eh'clron.s 
of “Jo.OOO volts eiK'rgy. the wav(‘h‘ngth i onics out 
to be 075 l(h'* cm. As we know this is of the 

order of hard X-ray.s, we can infer that, wavi- 
associated with .‘^iieh electrons should behave in 
many respects liki* hard X-rays. 

It is iief'dhvss to say that the tluxiry of de llrog- 
lie can (‘xplain mo^t simply and siieeivssfiilly the 
dual nature of waves and partieh's. 'riie photo-elee- 
trie paradox now finds an (Misy explanation from the 
theory of these wavi's. For we may argue that a 
frex* eh'etroii, such as a ea(hode-ray eorpnsi-le. ought 
to be guided by wavi^s and con.sennently should show 
ditVraetion efteet. This idea can be snbjcetiHl (*> 
experimental test, and indeed sncce.ssfnl experiments 
have b(?en carried ont to detect the association of 
waves with free electrons by Davisson and (icrmer, 
G. P. Thomson, and others. We have already seen 
.. that the Tvavelength of the free eleetron of manage- 
able energy is of the .same order as that of X-rays. 
This fact wits utilized in. detecting (he wave nature 


(»f (he electrons exactly in the same way as Debye 
and Seherrer did in (he eas(* of X-rays. 

It will not be out of phiei* to discuss here 
the nature of the medium which transmits tin* (de(?- 
tron waves. 'Hiis i|iiestion has been tri(*d to be 
:mswer(Ml by m:my theoretical physicists, but without 
imieli siiee(*ss. If we tri*at them as ordinary (*tlier- 
vibnitioiis a serious ditliciilty ariscLs. .Vll the (‘thcr- 
vibratioMs ditler only in wavc'lengtli. Ifthewavo- 
l(»ngth is given, tin* kind of light, is s(*ttl(*d once for 
all. Th(* ('leetron waves have varying wav(?lengths 
dep(*iiding on the energy of the electrons but tlmy 
usually fall in a region which is already ()<*enpicd by 
X-rays. Ihit tln'y are c(*rtainly not the same as 
X-rays. W(* may. lioweviT. get rid of this ditliculty 
when we postulate the existence of .some mediiini 
other than ether (we may call it siibcther) a.s the 
v(“hicle for ci(‘(‘troii wav(*s. This is not, after 
all. an attractive idea to have two ethers filling the 
saiin* spae(‘. Then (he waves of protons — if tlu*y 
c\i*^t would demand :i third niiHliiim for their 
propagation. Space is tlnis becoming overerow^ded. 

< )tli(‘r sngg(*.stion.s arc to regard the (‘leetron waves 
as a kind of mathematical ab.slractioii, a sort of 
ghost -waves. The whole (|iies|ion thus seems to 
b(* y(*1 far from .solution. 

W'e shall m>w return to the experinmiital evi- 
dence of (he presence of el(‘ctroii wave's. Davisson 
and (i(*rm(*r used a beam (»f homogemMnis eli'ctmiis 
of ('iicrgy varying fr(nn tin to t»0l) volts in their 
dilVerent .s(*t.s of (*xp('rim(*nts. It was allowed t(» fall 
on a eryst'.d sui'fai'c of niekel. "Die scattered elec- 
trons are c(»ll(‘cte(l in a Faraday cylinder suitably 
orif'iited. 

If W(* now substitute tin* mnmM-ical values of 
If and lu in the mon* simplitied fornmia (*J), 


and wrilf*. i * . where 

r is the potential drop in volts (^(piivalcnt to the 
energy (*f the electron, and e the ('h'clronic charge 
we get 

/ - ^ X Itr' cm, (4) 
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Davissiiii (icnncr's inctlKui is to pK»t /• or ratlicT 



siiiy. follow nrjiy:u:'s W'oll-known law 


of r<‘ll«M-t ion y//. t! '.in 7 w'Iuti* ;/, //, and v liavn tli<*ir 
Usual siii:nili<’ainM'. I‘’or «‘a»-li valin* o| h Im* draws (lu* 
slraijulit liiw y/ sill 7 n "I'ln* ohsrrvod lu'ain slionM 
iir on oiM* of tin*''!* straiy;lit liiws it lu‘V ohry 
tlir plain law. 'rimy found that tliis iT*«|nirciin‘nt was 
salislifd ino>t sal isfarlorily. 'I'liis rrsiilt is a sfrony: 
rontirinalioii of tin* <‘\i>t(Mi 4 ‘i> of d<‘ liroifli** wavi-s. 



Niiffa.'il /iiK* 


Nnxi wi* Inni to llm ditlVantion of ('l<‘<*troiis 
wIh'Ii I ransniittt'd tlirou;>;li tliii: liliiis. 'rim lirsi 
(‘Npcriiimnt in tliis liim wa" t-airioil out l>y A. K^nd. 
A Imam id* «‘alliod(‘ rays was passed tliroii^li a film 
tidx* and tlion dnilcrtcd liy an oliM'troslal it* ilclti. 
'riiis dcllfctcd l>t*am pas-'i-d lliroii^li a Imli* imii 
in ■ liaiiictor inmii'dialciy hcliind wliifli was uiounf<‘il 
a tliiii liliu of t'ollnloid. Aftci* passing tln'tiu^li tim 
liim tIm l)fani Iravni'si-d a distaimc of JO <*111 and 
llx*!! sh'urlv a pliotoM'rapliic plati* plai'fd noriually 
to lilt* lii'aiii. 'I'Ih* pattern l•onsi.st^Ml of an iiilrii.sc 
foulral sped 'iirroundod l»y oim or nioiT faiiilfr 
riiijis. 'rim waxidniiirlli rc(|uin‘d was of fim riy:lil 
ordor to lit dt* Uroirlic fonimla, and I he an<;nlar 
<liameler td' any rimr was a|>pro\'imat(‘ly inversely 
proportional hi .s<|uare rotil. of tin- vtillaire. ^I'lie 
llii(‘lvness td' llm tilms usimI was <d tli(' order of .'Mo 
.'1 X It)"*' <*iu a- estimate<l hy iiiterferoiiei* measiire- 
lueiits. 


Xo exact eotiiparisoii with the tlieory i-s possible 
hy this exp<‘riiiieiit as the struetiire (d’ celluloid is 
iiiiktiow'ii. (J. 1*. Thomson then tried to diffract 
eleetrons hy transmission through thin films such 
as those (d' aliiminiiim, ^(dd, silver, tin, platinum, <*tc. 
The •‘xposures varied from a hwv seconds up (o a 
tew^ niinut(‘s depending on tin* int(‘nsit.y and voltage 
• d tin* eathodi* rays used. In all cases, tln^ patt<‘rus 
liow' a series of concentric rin<ss round the central 
sp4d wlii<*h is formed hy the undefleeted beam 
(Si*e lij^s) III evmy case examined, the a}xrc*ement 
helwi'eii thejiry and experiment is entirely satis- 
fa<*fory :ind we are led to snp|)ose that the electrons 
form the dilfrat'tion ]>at terns just similar to 
tlmsi* whi(‘ii W'»>uld he i>rodnce<l by waives of 
h yy/„e. In addition tii tlu-si* thin lilms, e\p(»ri- 
ments were* 4*arried out nsinir spluttereil tilms of 
•»id<l, silver. h*ad, iron, nicUel, etc. 

I )r. K. Kiipp performed a serii*s of <>xperimi‘nts 
on the diilrai't ion of sluw' el(*ct nuis of vidts 

em*rLcy, l>as>inj^ throimii thin nmlal lilms. 'riionjii'h 
tim rin«j:s wen- dilfu'.c* and va-ry faint, tin' relativ** 
si/es jd’ the iiny:s aj»re« d with tin* crystal structure 
to about ") p<*r cent. 



( jo1«1 


rsinji very thin lilms of mica, Kikiichi has ob- 
tained siune very b(*:iutiful ami lemarkahh* r<*sults. 
'Fhc v«df:i.i>:es ns(*d varies from 10 kilovolts to S.") 
kilovolts. Dilferent types of diffraction patterns 
wa*re found, depending «m the thiekness of the mica 
liim. With thiniK'st films (thiekness of the ordi'i* of 
10" cm) lh(* pattern showed a netlike strnetiire 
arraiij^ed in three s(‘ts of parallel lines at lit)® to each 
other. With films thick enough to show inter- 
fen*ncc colours the pattern consists of s^tots rcscin- 
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Lnnc spols iiccdnipiinicd by black and white 
lines. The analysis of the pattern showed excelh-iit 
aj^reeinent, with the known stnictnrcof iniea. 

NIfIi kawa and Kiknehi have* shown that ev(‘ii 
an insniatoi* like calcite ran be made to ^ive ililViTM- 
tion ])at terns by reflection of eh'clnins. 'I'he patterns 
took the form of black and white lines from which 
the spacinjxs of the crystal can be calculated and the 
am'e<Mneiit was found to be jjood. Kmsiic has c»bscr- 
ved these lines with calcite but not with yralcna which 
is a conductor. 



Ahiininiuin 


III a later invest ijj;atioii Hupp has >iicccc<lcd in 
dcinoiistrat in;; the rcticction of eic<‘tron> by a ruled 
njratin;; at very obli<|U(* iin*idence, thus showiiij; tin* 
similarity of electrons and \-rays. This Ivpe of 
expei’iiiu'iit has also been »*arrieil out by \\'<irsnop. 

Application of Electron Diffraction to the study 
of Surface Phenomena 

'riie interlVrein-e phcnoiucna oi'curriny: in the 
relleclioii of slow elect rolls open new p(»ssibilitie.'N 
for tlu‘ examination of surface structure, 'fhey have 
two ail vantages over X-rays in this n*spec(. They 
pi*iu‘trate less deeply and the iiitiM'actioii between 
tin* electrons and the atoms in the substance under 
investi;;ation is more intimate that that occiirriii;; 
ill eass of X-ray rellect ion. In the ease of electrons, 
only the first ten or twenty layers are etlective 
while, with X-rays tlmusauds of atomic planes are 
involved. The electronic interaction with the atoms 
shows itself by the oceurnaice of a refractive index 
for slow electrons. In Davisson and Gcrmcr s (*x- 
pcritncLit there occurred certain characteristics in the 


diil'raction patterns whieh were attributed t(> sevcu’al 
layers of y:as atoms on the crjstal siirfac**. The 
<‘t1eet of alhkwiii;; to conn* in <'<mtact w-ith nickel 
.''iirfaee in the above cxpcrinuMit was to diminish 
the intensity of ditlractioii maxima :iiid ihis was due 
to layci>i of ;ras molecules covering: the surface. 
In addition to the iiitiaisity ehaii;;e two other types 
of diilVaetioii pattern were nl>>erved. TIicm* appi'ared 
after In^atiiie; a crystal and allowin;; it to <*ool. They 
wt‘n> of short duration and were not iceabh* a short 
time after the heat in;; process, (iermer’s eoiieliisioii 
was llial the y;as atoms form a “^iiiyile Layer arranj^ed 

like thf‘ atoms of the crystal but with a donbh* 

o 

s(‘paration at a depth of I} A below flic lirst layer 
i»f nickii atoms. Tin* fast electrons are not inMiicnccd 
by thin layers of y:as normally present on surfaces 
in vaminm or possibly tliat tlicy tiMiiporarily remove 
the layers by bombanhiKait. The tar;;i'ts iis<mI are 
•*iii;;h* crystals or a mass of small crystals. In adtli- 
tioii ti> regular patt< iTi there is always a backy;ronnd 
of dilfnse seatteriny: probably mostly due to i*h*ciroiis 
whieh have lost eiuu’ey by in(‘l:istie collision. In 
many I'ases the l>aek;;ronnd is all that appi^ai's 
because the snrfaei* layiT is really amorphous or, if 
erystalliiK*. is eoiistrnetcd in such a Way that diilrac- 
tioii at small any:les is impossible. 

A. Miirison has (^\amiln‘d the dillVaetioii 
paitern foniuMl by Iransmivsion of elcilrons throll^h 
thin films of vaseline, paratfm wax, pii-eiii, tallow, 
lanl, Kveret’s thick and thin tap ;»reases, thermos- 
tat oil. (';(:ill,(-, and < -j 1 1 ci l'* 'I'he pattmTis indicate 
orientation of the molceulcs normal to tlie surface of 
the film and the experiment slmws that this orienta- 
ticni is present both at the vaeimm ;;rease and baek- 
ini;-;;rea.M* interfaej's. Snbsl;iiiees whieh y^ives this 
pattern are likely to ai't W(‘ll as lubricants. 

Many expm'iments have been attempted to see 
whether polished metal surfaces show rinj; patterns 
by relleetion i»f elei-lrons. Hollyerystalline surface 
l.’iyers y:iv«' riny: patterns. In this coime(‘tion it must 
l)i» remembered that the ani;le of iiieideiiee is only of 
the «ird*‘r of 1°. in the lirst place, it is obviously 
necessary that the surface should be crystalline and 
this is probably the reason why polished ini'tal sur- 
faces have not shown dill raci ion rin;;s. The process 
of polishiii;; prcsnmaldy produces a layer of anior- 
pliuns metal and the electrons are irregularly diffused 
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without roriniii^ jiiiy piittorii. A surface of alunr- 
niiiin otehed with <-aiistie potash also failed to jrive a 
pattern. A layer »»f yjold spluttered on qii:irt% fjives 
very ^o(mI riniis. 'I'he surface is matt an<l probably 
eonsi.sls of a series of irregular lumps small enough 
for the electrons to pcMietrate them. A polished lead 
surface In^alt'd to near tin; meltintr point show*‘d 
rin^s which, thoiijjli rather faint, were «'asily measur- 
able and corresponded to the striictiin* assigned to 
PbO. Germer has also slifiwu that fast electnuis 
scattered from polislied metal surfaces d<i not form 
diffraction rin*rs. A strouj; I)/*bye-Scherrer pattcTU 
i.s produced, however, by electrons scattered from a 
sui*face which has been mechanically rou‘ 2 :hcne<l in 
such a manner that electrons are able to pass directly 
throii^rh projectintr irn^^u lari ties. Small ridires 
extending from wires which hav<* been drawn thronjrh 
an imperfect die also jrive rise t<» a <lilfraction pat- 
tern. 1'he.s(* experiments indicate (I ) that there is 
no considerable lay(‘r of amorphous inat<'rial (Ihalby 
layer) on a iiolished metal surface, and (2l that 
l)eby(*-Seherrcr patterns are formed only by transmit- 
ted electrons. 

If. R. Nelson has e.xaniined the case of reHe«*tion 
of ele(*tn»ns f<'nery:y 20 t<» oO KV) at v<*ry jrni/.insr 
ineulenee from the film of vaseliiu*, par.dfin, and 
tap-jrreases. The dillraction pattern consists of 
rows of spots similar to an X-ray sinjrle crystal 
rotation picture. Observed r(?flections are in };o«)d 
agreement with the structure of normal hydrocar- 
bon crystals. This shows that the lilnis are largely 
crystalline with the long axes of imlividual crystal 
perpendicular to the plam* of the tilm. 

Diffraction by Liquid Substances 

tAaning to the; ease of dillraction by liquids 
L. R. .Maxwell has obtained el(‘ctric interf(*reuce 
by transmission of electrons through licpiid films 
of phytol fC 2 o Ilyo Oil) Niijol and tw'o different 
grades of cenco vacuum-pump-tiil. The patterns 
obtained for these four liquids are practically the 
.same and char:iet.erized by three complete diffrac- 
tion rings. The rings indicate the .spacirigs to be 
of such values as are obtained by G. W. Stewart 


bir X-ray diffraction in liquid pentadoenne and 
tetradecane. The probhun of interpreting the resu’ts 
by a group theory such as proposed by Stewart 
is the same for electrons as for X-niys. 

Electron Diffraction by Gases and their 
Molecular Structure 

Mark and \Vii»rl were the first investigators to 
work in this line, and the vapour used was that of 
carbon tefrachloride. The vapour was contained 
in a glass-bidb with a controlling tap, and the 
nutlet tube was tirawn down so that the vai)our 
iindecides eniergj'il opposite the eiiil of tiie dt'liiiing 
slit for the electron beam, fii order to (;oiifino the 
vapour tj> as shi»rt a path as ])ossible, a cooled 
.siirfai'e was providi>d opposite the jet and on this 
the “spent” vapour condensed. 

The distaiu'i; betwe(‘n th(‘ atoms (»f the bromiiu; 
molecnie as d(‘t(‘rmin(‘d by Wierl is very close ti> 
Meeke^s bandspectriim m(‘asiirement of 2.2<) 

It is thought that CO- and CS- an* linear mole- 
enh's and this agn‘es with X-ray n*snlts. Kvi«h*m*(* 
on the dipole-moment of S()-,» (l.fil — l.TfixlO"^** 
e. s. II.) suggests that this molecule may be triaii 
giilar blit the observations are not c»»nc*liisive. The 
experiiiientai results on the tetrahednil mohaaih's 
an* in good agreement with the ass'nniption of 
the regular model. It is intc*resting to noti* that 
tin* distance betwer*n the enitral atom and an oiitf*!' 
one is in f*ach (*:is(* .almost cxat'tly the saim* as the 
ones dr*ilne(*d by (in! iM'hmidt and Raiding from 
erysf;il struct nn* work on the basis of ionic* radius. 
It had always l)(*(‘n thought that the* tetrahedral 
binding was honiopolar rathc'i* than hi‘tc*ropolar. 

\Vif*rl outlines tivf* important probh'ins in organic 
c*hcmistry which, hr* thinks, it may be piissible to 
>olve l»y means of eloetroii dilfraetion (experiments : 

(1) Whether the distance between carbon atoms 
ill aiiplmtic oompouiids i.s distinguishable from the 
same distance in aromatic compounds. 

(2) Is a distinction between plane and puckered 
cyclic com poll tid.s possible ? 

(.S) Can anything be discovered concerning free 
rotation in aliphatic chains ? 
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(4) Aro stnictiiros of isoniors of iins:\tur:it(Ml 
riirbon coinpoiinds wliat. tlio clcscriplivo foi*iiiiil:i(' 
suggest ? 

(f)) Is rotation in satiiniteil liydna'arlMuis abso- 
free ? 

To solve tli(* im»l)loms (1) and (2), heiiz«‘n<‘, 
eyelolu'xaius and cyeloiH'iitaiU! wen* studied by 
NVierl. Delniile evideiie** in favour of :i plane stnie- 
tiire for l)en/.(*ne and eyelop(*ntane was obtained and 
tin? indieations are that the ey<*Iohexane nH»h‘euh* is 
pnek(*red. < Questions of isoni(*risin and fn*i‘ rotation 
in <*onipouiids of tin* type of (\> llo (-I 2 and 
(-I 2 have also been diseiiss(‘d by Wierl. The most 
interc'sting and satisfying feature of tiie results ob- 
tained by Wierl is the gen(*ral agreement lM*lw<»«*n 
the values dedneed from eleelron <linra<‘tion for the 
earbon-earbon distanee (single, double, and triple 
bond eonditioie) with the values (h'diieed following 
the lueihods of X-ray erystallography and infra-re<l 
siM’elroseopy. 

finally, mention iiiiist be made of the works 
earriedoulbyH.de Las/lo on six benzene <leriv:i- 
tives in the va|M»ur phase. 'fhey are hexa-c’hlor, 
liexa-brum, ben/eiie, .symmetrieal Iribroiu, Iri-iodo 
benzene, /;-dibr<mi and di-i«Mlo benzene. Tin* j « suits 
agree well with the tluMiretieal scattering curve* 
bjised on a mode*! where* benzene is a regular Hat 

o 

h(*\agoiial ring witli e*arboii-earl»on elistaiiee l.^ll A. 

The hale»gen-<*arbe»n di.staneM's were found le» be* 

(M;1 l.ti!) A ' <M>1 A 
r-Hr - I.SS A >: O.Ol A 
r-l - 2.05 A ± 0.01 A 

These distance's app(*ar to rciiiaiii I'emstant and to be 
inde'tKMieh'iit e»f the* inimbi*r e»f similar ate)iiis .substi- 
tiiteel at the same? time in the be*nzcne ring, aiul all 
the atoms lie* in tiie .same* plane as the* benzene* ring. 

The».se earbon-hale^ge*n elistauee*s are always le*ss 
than the)se generally aeeepteei for aliphatic e*oiii- 

o 

pounds, the di.screpane*y being of the* oreler eif 0.00 A. 


Polarization of Electrons 

Se> far we^ have di.se*ussf*fi siie*h e*xpe*riments in 
which the* e*le'etre»ns behave as wave*s, the wavelength 
give»ii by the el« Broglie formula. Xe*e*e*.ssarily the 
(|ii<^stie)ii arise*s that if the*se ele nre)glie wave*s 
sutler inte*rfe*re*nee*. rei{e*e*tiem, n*fraelie)n, anil the 
allied phe.*uome*na. the‘y sliemhl alse) show what is 
e*all(*d polarization. We* sha II now ih*al with what 
siiee*e*ss has bi*en ae‘hieve*el as regarels the answe*r e)f 
the above <]ue‘stie>u. 

In e»reIe*rto e*\plain oplie*al sp(*e*lra, it is neH*e*.ssary 
te» assume that an eh?e*treui has me)re* tlian ’.i eh*gree.s of 
fre*e*dfHu ass(»eiate‘d with it. It is re'garde'd as a spin- 
ning boely with niagne'tie* mome'iit rJt- l and me*- 
e'hanie'al mi>me*nl h t-’r. The‘n* is nt>thing in de Bre»g- 
li<*-Se*hre“)ding(*r wave*-nu*e*hanie*s e'eu’ivsponeling te> 
this and the th(*ory is thus iiu.'ible to ac'e'eiunt fe)r 
et!e*e*t like* tine* struct lire* i>f hyelreige*!! spc'ctra eu* te) 
pre*elie*t e*«»rr(*e*tly the ri‘sidts of Stern-derlach e*x|)e*ri- 
nients. In Dirae's r<*l:itivistie* wave* the*ory this de?- 
fe»e*t is re*me»v(‘d and the* e‘lee*tr;>ns appe*ar witli elire*e- 
tieuial pre»pe*rtie»s re'se'iubling the»se* of spinning meule*!. 
Darwin shows that a fre‘i*ly moving e*lee*troii has a 
iiiagiu'tie* uiome*iit rh Ibr sp(*e*d small (‘ompaivd 

with that of light. The* dir(*e*tie>n of the magnetic 
axis has no ne*(?f*ssary re'lation te) flinM*tion of the 
mot it)!) e)f e*le*e*tre)n aiiel nc*eel not be in the* wave front 
nor e*an it be determineni by measuring the force the* 
e*le*i*tron i*xe*rts e>n magne‘tonie*t(*r, bf*e*ause* of the* 
inhe*re*nt iine'ertainty in the positie)n and vele)e*ity e)f 
the* e*|ee*tron. Mott e*e)ueluded that nue*|e»ar .scattering 
ought to prodiie'c an at)pre*eiable asymm(*try e)f the 
se*attere*d be*am if e(*rtaiii e'onditions are fnlHlle*d. 
This asymmetry e*aii be* sheiwn by a sf*e*onel se*attering 
uiiele*!' .similar e'oiiditie>ns. 'Phis a^ymmi‘try is one e)f 
bSO*^ remnd the axis of the* be'ain ami ne)t 90^ as in 
the* ease eif light or X-rays. S<*ve*ral weerkeirs have 
examiii(*d the* deeubh* right-aiighHl .se;atte*ring e)f 
«*athe>t]f‘ r:iys by me>tals in an att(*mpt te) te*st ]\re)tt*s 
lhe*e)ry, but no elefiiiite* e*e)uelusie)n has yet been 
arrive»el at. ft is se»en that the*re* is ne) polarizatmii ejf 
the* kinel r(»eiuire*d by Me)tt*s th(*e)ry within the* limits 
e)f pre)bable e*rror. 'finis one is ine*lim*d to siirnii.se* 
that the pe)larizatie)n of a fre'e ele*e‘tron may be* among 
the* unobservables. 
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Presidential Address to the British Association for the 
Advancement of Science, 1936. 

The Impact of Science upon Society 

Sir Josiah Stamp 

Prenifi^nt of the AsHuciation. 


The reactions of soriety lo scirnce Jiave liauntcci our 
prrsidi'ntial aildrcssfs with various misfrivings for 
some years past. Jii Ids ^reat centenary address 
General Smuts, answerin/jj the question ‘ What sort 
of a world picture is science leading to? ’ declared 
that one of the great tasks befon*. the liuriian race is 
to link up science with ethical values and thus to re- 
move grave dangers thrcati'iiing our fntun*. For 
rapid scientitic advance confronts a stationary ethical 
development, aiul science itself must find its most 
difficult task in closing a gap which lhn‘atciis dis- 
ruption of our civilisation, and must hcconu* tlic most 
efleelivc drive towards ethical values. In the following 
year a great Fngineer spoke, as a di-silhisioned man. 
who watched the sweeping ])ageant of di.scovc'ry and 
invention in which he used to take unbounded delight, 
and concluded by deploring the risk of lo.siiig that 
inestimable bles.sing, the necessity of toil and the joy 
of craftsmanship, declaring that spiritual betterment 
was necessary to balance tin? world. Then c?amc the 
President of the Royal Society, a supreme Hiochemisl, 
on the perihs of a leisure made by science for a w'orld 
unreadj' for it, and tin; nccessily for ])lunning 
future adjiistmciil in social reconstructions. Followed 
the Astronomer, deploring man’s lack of moral .self- 
control; in knowledge man stands on the shoulders 
of his prcdcccs.sor, whereas in moral nature they are 
on the same ground, 'i'he wreck of eivili.satioii is to 
be avoided by mon; and not by h*ss science. T«astly, 
the Geologist gloried in the greatt;st marvel of 
millions of centuries of development, the brain of man. 
with a cost in time and energy that shows us lo 1 h* 
far from the end of a mighty purpose, and looking 
forward confidently to that further advance which 
alone can justify the design and skill lavished on such 
a task. So the Geologist pleads lhc*n for scientific 
attention to inan’s mind. He has the same faith in the 
permanence of man’s mind through the infinite range 
of years 

' Which oft hath swept this toiling race of men 
And all its laboured monuments away,' 


that is shown at the Grand Canyon, where at the point 
exposing, in one single view, over a billion and a half 
years of the wiirld’s geological history, a tablet is put 
lo the memory of Stephen Tyng Mather, the founder 
of the National Park Service, bearing what is surely 
the mo.st astonishing scientific expression of faith ever 
so inscril)(‘d: 

‘There will nvvvr come on end to the good that he 
has done.' 

We have been ph^ading then in turn for ethical values, 
for spiritual bcttcrinciil, for right leisure, for moral 
advance, and for mental dcvelojimciit, to co-ordinate 
change in man himself with every degree of advance 
ill natural science in such a hariiiony that wc 
may at last call it Progrc.ss. This cxtcntion 
of our deeper com*crn beyond our main concern 
is not really new, but it has taken a new direction. 
I find that exactly one hundred years ago there; was 
a full discussion of the moral aspects, a protest that 
physical science was not indeed, as many alleged, 
taking up so much of the attention of the public as 
lo arrest its study of the mind, of litc*raLure and the 
arts: and a round declaration that by rescuing 
.scientists from the narrowness of mind which is the 
consequence of limiting thcm.selvcs lo the details of 
a single science, the Association was rendering ‘ tin- 
prevailing taste of the time more sulvscrvienl lo mental 
culture.’ A study of these early addre.s.se.s .shows that 
wc arc m, n* diffiilcnt lo-day in displaying the emotion.s 
aiul ideals by which I do not doubt wc are all still 
really moved. Rut they also show that wc are pre- 
occu})i<Ml lo-day with some of the results of scientific 
dis<*overy of which they were certainly then only dimly 
conscious. A part of that fi<;ld, which ought itself 
to lM*come scientific, is my theme to- day. 

What do wc mean by impact? Afy subject is not 
the influence or etrect of science upon society — too 
vast, varied and indeterminate for such an occasion. 
We maj' consider the position of the average man, 
along a line of change w’c call ‘progress*, at the begin- 
ning of a certain interval of time and at its end. Wc 
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might tht-n analyse liow miieli is diic (n a c'liangr 
in the average man himself, his innate physical a..<l 
mental powers, and how much to other inlhieiu'cs, ami 
particularly to science. Wv may di'hatc whether the 
distance ciivercd is great or sinall liy some assiiined 
standard, and whether progress has heeii rapiil. We 
might ask whether the <lirf‘elioii has heeii right, 
whether he is hup])ier or better — judged again by 
some accepted standard. Hut our eoni-erii here is with 
none of these questions. I ask whether the transition 
has been difh’f'ult and distressing, in painful jerks and 
uprootiiigs, costly, unwilling, or unjust; or whether 
it has been easy, natural, and undisturbing. Does 
society make heavy weather of these ehangt's, or dm*s 
it, as the policeman would say, ‘come quietly’.^ The 
attitude of mind of our order may be either that 
change is an interruption of rest and stability, or that 
n‘st and stability are a mere jiaiise in a constant ])ro 
cess of change. Ibil these alternatives make all the 
dilferenee to its ac'commodating meehanisnis. In om* 
case there will be well diweloped tentacles, grappling 
irons, anchorages, and all the apparatus of si'ciirity. 
In the the other, stieiety will ])ut «m casters and roller 
bearings, cushions, and all the aids to painless transi- 
tion. 'rhe impavt of seienee will be surprising and 
painful in tin; one ease, and smooth and undamaging 
ill the other. Whati*ver may be the verdict of the 
past, is society and its institutions now learning that 
ehangt*. is to be a continuous fuiudioii. and that nu't't 
ing it requires the ilcvelo])ment of a t(‘eiinic(m‘ of its 
«iwn? 

Seienee itself has usually no immediate impact 
upon institutions, constitutions ami philosophies of 
government and social relations. Hut its efjvcls on 
people's niiinbers, location and habits soon have: and 
the resistance and repugnance shown by these iiisli- 
tiilions and constitutions to (he changed needs may 
rclioiind or rc‘act through those circcls upon scieiililic 
enterprise itself and make it more precarious or more 
diffieult. Thus the elTe<*L of applications of eleetrieity 
and transport iniproveiiieiits is elearly to make the 
origiiiul areal exlciiL of i*ity or proviiieial governments 
quite inappropriate, and the division of fiirietinns and 
methods of administration archaic. If these resist 
change unduly they make it more diilicidt and fric- 
tional, and the applications of seien**** h ss protitahle 
and les.s readily aeccptablc. Time makes aiieiciit 
good uncouth. When two bodies are violent or un- 
gainly in impact, both may be ilamaced. If Hu* written 


const ilutioii of llie L'nitid Stales, devised for the 
‘ horse and buggy ’ days, still proves not to he amen • 
able to adjustim'iit for siieli dt iiiands. it will be 
ditfieiill to overstate the repereiissioii upon eeoiioiiiie 
developments and llu‘ seiiiiUle enterprise that origi 
nates them. Let the Supreme (’oiirl l)eeisi»iii of uii- 
1 otistiliitionalil V on tiu* Temiessi-e Valb y experiment 
ill large si‘ah‘ applied seieiiet* to iialiiral problems on 
a co-ordinated jilan hear witm-ss. Such unnecessary 
resistance may he responsilih* bir iniieli of what has 
hi'cii aptly called friisl rai ioii of sririu'e.’ Avoid 
ahh‘ fri<*tioii in tlie rt'ceptioii gixeii to seienlifi<' dis- 
covery not «mly ileprives the I'ommimity of ailvanlnges 
it might otherwisi' have eiijoyid iiiueh larliir. or 
«*reales a heavy balaiiee of cost on their adoption; it 
may also dist'ourage applit'd seiemv itself, making it 
a less allraetive ami worthwhile pursuit. In that si-nse 
W(‘ are eoiisitieriiig also the impact, of society upon 
sc'iciicc. 'I’his loo is not new. 'I'lie Association had 
as one of its first objects ‘ to obtain a iimrc general 
attention to the objects of Seienee, and a ri'inoval «>f 
any disadvaiitagt s of a piiblit* hind which impede its 
progress.' Tin* first aildress ever olfered aflirined that 
till* most eirceliial method of promoting seieiiei* was 
the removal of the oiistai'hvs opposing its progress, and 
the Presidi'iil instanced the very serious obstacles in 
the .seiemr of optics due to the rtgiilalions relating to 
tin- mamifactiirt* of glass. To-day perhaps the 
.scicnlisl ]>la(‘es nmre stress iqion the failure of govern 
meiits to ciit‘ourag(‘, than upon their ((‘iideney to dis- 
coii*‘ag(‘. So miu'h liicii for the idra of ini pact. Is 
tin* seienlisl or inventor responsible for impact, and 
if not. who is.^ 

rd.se where I have relouehed .Jeremy Heiil ham's 
poignant picture of tin* inventor of over a century 
ago. plans anti ea)) in hand, on tin* doorstep of the 
rich t»r influential, waiting for sometnn* to helleve. in 
him. Trom this type of (‘xti'rnal ‘sport* amongst 
eiigiinH'i's and seif-nlisls came miieli or most industrial 
innovation, exl(*riial to the pro(*e.sses of business. To- 
day, in the older and applied .seieiiei's allVeling 
iinbisiry the .solo seienlisl is the. exception and, with 
till* large research di'parlini'iits of particular liiisinesst-s 
and trade research as.soeiatioiis. tin* pietiin* is (piite 
difl'ert'iit tin* (‘xpeiuiitiire higher, hut the ri suits iniieh 
more rapid ainl numerous even if for a lime they may 
be kepi seeret. Altliough records of fiiii.sln'd work may 
lu’ available over the civilised world, there is much 
overlajipiiig of eurn*iil work, but the jiriee of this as ;i 
whole is a far smaller fraction of tin* total result, if 
we omit from our eoiisideralion the first magnitude. 
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«liscovrrifs of I'pix'li-inakin;; infiurnrt'. 'I’lir industrial 
cointniinity is now far inort* anunaldi* lhan hitherto 
tn scientific influence, indet'd it is often the iiisti,u;nlor 
in the mass of minor advances. 'I'lie lU’w (‘poch of con 
cerled industrial researeli dales really from the enti of 
the ^rcat war. DiirinjL^ all that time I liaxe held some 
middle ])o.silion of responsibility belwi’cn the research 
laboratories and iiistitiiti's on the oin* haiitl. and the 
costing and profit and loss aecoimts on the other, and 
my im])ression is that the ))roporlion of work in which 
the initiation comes from the business end is stt'adily 
increasinff. In studies of the periods of seientifie and 
industrial ^[estation n*speetively. I liavi* else where 
defined xcifntijic ffrstation as the lime elapsing* between 
the first concept «)f the idea ami its piibli*- prt'sentation 
to society in a forin substantially that in which it 
ultimately finds t'xtcnsivc use without iiiiportaiil modi 
lication; and hidnstrial fffslnlinn as the period 
elapsing from this point to the dat<‘ when in an 
economic or industrial sense the innovation is cnVctivc. 
Motli ])criods arc difficult to determine exactly in 
practice, but on a tiroad view, flic period of industrial 
gestation, with which alone 1 am here eoiii'crned. 
appears to me certainly to have slwndened materially, 
though possibly at greater s<icial cost. It would obvi- 
ously bo St) if industry is actively eueouragiiig researcb. 
‘ Faraday’s discoveries <‘anie at llu‘ beginning of tin* 
great steam era, and for fifty years there would have 
been no dilferenee in transport even if those dis- 
coveries bad not be«‘ii made,’ for the telegraph was the 
only meterial iiiflueiiec* upon it, and ))raetieal lighting 
was delayed till IfKM). 

fn nearly every sci<*ntific field there is sub-division 
of labour, and it is rare that tlie wtirker who digs out 
new truth ‘ at the face,’ so to speak, is also resptmsi- 
ble for bringing it to the surface for the pidilie use, 
still less for tlistrihiiling the new seientifie apparatus 
or ideas broadly, and even less for the profitable (*x 
))loilatioM of tile whole process, 'riiese funetions are 
nearly always distinct. ev»-n though they are embraced 
under the one general ))opubir description: eliemist. 
»‘ngineer, etc. Ibit in few eases is it any part of the 
])rofessioiial training in the Md)jee( itself, to sliitly 
bow new products or processes a fleet tin* structure or 
welfare of soei»‘ly. I have quest ioiu'd many seientifie 
workers and find tlieiii, of I'ourse. keenly alive* to the 
positive and diree t lu'iietii'ial ettVets of llu-ir work, 
but they have rarely any (piantitative ideas as tn 
negative, indirect and disturbing eonserpieiiees. All 


tlie.se <lis<‘overi(‘s, these' scientific infants, duly born 
and l(‘ft on the doorstep of .society, get tak(*n in and 
variously eared for, but on no known principle, and 
with no directions from the ])rogenitors. Xor do the 
economists usually acknowledge any duly to study 
Ibis phase, to indicate any si'ries of tests of their value 
to soe'ieiy. or even of methotls and regulation of the 
optimum rate of introduction of novelty. 'Fhese 
things just ‘ happen ’ generally under the urge of 
profit, and of eoii.siimers’ desire, in free eornpetition, 
regardless of the worthiness of new desires against 
old. or of the shifts of pro<liielion and, therefon*, 
eni])loyment. with tiu'ir social eonscqueiiees. The 
economist rightly studies llu'se when they happen, but 
be is not dogmatic about them not being allowed to 
linppt n at all in just that way on account of the social 
ilislurbanet' to* degradation of non-eeonomie values 
whieJi they may involve. It is truly a ‘ no-mnirs land ‘ 
for it is rarely that the riirietions of govermneiit begin 
until a vest**d problem (*xisls. Ivspeeially in Hritain we 
do not anticipate — ‘Don’t worry, it may never ba])- 
peii.’ Probh'ins with us are usually called ‘aeadt'inie 
until we are ‘going down for the thiril time.' It is a 
maxim of political expi'dieney not to look too far 
ahead, for it is declared that one will always provide 
for the wrong (‘ontingeiiey. Tin* national foresight 
over wirt'less w'ns exeeptional, and it has to be ej)ii- 
( rusted with the opportunist treatment of the internal 
etimbustion engine. fit n'ply, it can, of course, be 
urged that no one c*aii foresee just bow a seientifie 
idea will develo|) until it is tried out, rough and 
tumble', ill eeoiiomie society, and to make anticipatory 
rules may even binder its development. 

ft is rigidly slated that tlie training of Hit* scientist 
itieiiides no awareness of the social consequenees of 
bis work, and the training of the statesman and 
aeiininist ralor no perparation for the potentiality 
of rapid seientifie advance ami drastic adjustment 
due to it. no prevision of the lei'biiieal forces wliieli 
are shaping the soe*iidy in wliieli lit' lives. 'I’lie eriieial 
impact is nobotly's biisincKs. 

When the researeli worker lifts bis attention from 
bis immediate piir.siiil and eonlemplates its hinterland, 
III* has three possible areas of thought. He may 
dwell upon its prat'tienl applications and seek to make 
tlit'iii as immediate and realistic as possible; moved 
by the desire not to be merely academic, be may return 
to hi.s ta.sk, to foeii.s his attention primarily on what 
is likely to be of practical utility, rather than on what 
is intelleetnally intriguing. Or he may think of its 
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uUimattr social consequences, and specidatc on the 
shifts in demand, the iincmployim'iit, the loss of 
eapital, the ultimate raising of the staiulard of lift* 
that may result — in other words, he may eiij^a^e in 
economic prevision and social and political planning 
for the results of his efl'orfs. Or in the third plaet*. 
he may listen and watch for hints from other fit'lds 
of scientific study which may react upon his own. 
and su^^est or solve his prohlems. 1 <lo not attempt 
to /?ive these priority. Economic and politiral pre 
vision is the most ilifiieult and precarious, h(‘eaust‘ 
it needs a technique diircreiit from his own, and is 
not j^iven by the lij^ht of nature. Sjjceialisl scientists 
have no particular j^ifls for understanding the institu- 
tional processes of social life ami the psychology of 
multipic and mass decisions. It is a tortuous and 
baffling art to transmute their exact findings into the 
wills and lives of unscientific millions. Hut ({uite a num- 
ber engage in the pursuit and have not much greater 
aptitude as amuteiir iniiiistc'rs of fort'sighl than states- 
men would have in planning research. Fewer arc 
skilled, however, in what should be the most apjiro 
priate auxiliary to their work the syiithesisiiig <iF 
scienlifie knowledgt*. 'Flic more ])cncl rating they are 
in their main ])ursuits, the less may they abstirb 
through analogy or plain intiiiialioii from outside. 
We 4'onstaiitly hear that the av<‘rage clinical appli 
cation lags much farther behind the m-w resour»-«-s 
<*f diagnosis from the laboratory than eireumslane<s 
eonipel. Hut it may be the other way roumi. 'I’lu- 
strongest hint of the presence of a jiarlieular fa«-tor 
— a positivt* eleineiil in beri-b»*ri -was given by the 
elini(‘ian to the bio-eliemist. who relied entirely on the 
aitsencf <if a particular factor, a negative «-lenieiil, iu» 
less than fifteen yi'ars before tin- bi^i-ehemist t<iok 
s(*rious notice, looked for it, ami f<iund it. Haet«-riology 
and eheinislry await the advance <if the bio-ehemisl 
befor** they come j’llVetively tti each otlu*r's assistance. 
The cause and pn'veiition of the obstiiiat*’ d<’gree t»t 
maternal mortality are obje<-ts pursued ad hoc, with 
hardly a casual glance at the *lireet app«-al of the 
eiigcnist to observe the natural eoiiseqiieiiees i»f an 
improvement in female infant mortality two decades 
earlier. 

I do not then preteml t«) dogmatise as tt* how far 
the .scientist .should become a social n* former. One 
physicist welcomes the growing sense of social res- 
ponsibility, among some scientists at least, tor the 


world the labours of their order have so largely 
created, though he ch-plores that in this field 
they are still utterly unsiutuif ifie. 'Fheii another great 
authority. Sir Henry Dale, declares that it is tin* 
scientists' job to dc-velop their seieiiee witluiut etui.si- 
deration of Hie social uses \.o which their work might 
h(‘ put. 

I hav4- huig watched llu* processe s by which the 
seieiitifie s|)eeialist ‘ makes u)) his mind ' in fields of 
empiiry oulsitle his own. It seems still a matter for 
itivesiigalion whether the d(‘V(‘lo|)menl of a specialist's 
lliinkitig on balance impairs or improvi's tin* powers of 
general thinking eoiiqiared with what they might other- 
wise have been. Wi* do not know I hi* kind or degree 
«>f truth that may rest in .Vnatole Fraiiee’s aphorism: 

‘ The wt»rst 4)f seii*nee is, stops ytui thinking." Fer- 
haps this was more subtly expresseil in the simpler 
w«irds of tin* darkie mother: ‘ If you haven’t an 
( ducat ion. you've jest ijttt to ust* y(»h brains.' 

My (»wn experieuci* is that when the attempt to 
deal with social eons(‘({uene('s is made, we quickly 
find oiirs(‘lv(*s eitlur in the titdd of larger prdities 
(hbating tin* merits of the thna' prevalent forms of 
state government, or edsi* performing miracle with 
fan(*y ( urrmieii's and lludr blue prints r('minis(‘ent of 
the ehe'iiiieal engineer. 

Hut th(‘r(‘ are some e ssemtial features of the impact 
M'hieh must be dealt with midt r any form of society 
and government and with any machinery for regulating 
\ allies. Tliev iiivolv(‘ man's abilitit's, his all'eetions, 
and his tools, all of whii'h have' been brusepiely treated 
in the past, and might be* scientifically treated in the 
future. .Vn industrial (‘ivilisation is unthinkable with- 
out division and, therefore, spe'eialisation, of labour, 
and without tools and ea]Mtal iiistrumenls. 'Fhen life* 
itself is not much worth living without social lies and 
the* allegiances of place and kin. These three' indispen- 
sable eU'inents ed’ the good life bring out ele'feiisive 
meehaiiisms for their protection. No one likes to se*e‘ 
a man trained bir a spe'eial service <ir specially fitted 
by natural aptitudes cut oil' from opportunity tei use 
his powers and rediieed to the level of an unskilled 
biped. \o one likes to see the results of abstinence* 
and specially directed labour which is e'lnbodied in a 
great machine or fai tory rendiTed inqmlenl liing before 
it has given its life’s usefiihiess. Waste of skill and of 
capital are alike grave faults by which we should 
judge and e*ondenin an industrial organisation. And 
sine'e man does not live by bread alone, if a ruthless 
industrial organisation e^mtimiully tears up the family 
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from its roots, transf(*rrin<i; it witiioiil rlioiot*, lo new 
siirronmliiifcs.. (Icslrovinff tin* ties of kin, lioiiii* ami so- 
«-ial life, of eiliu-aliniial and ri'erralional environniiTits, 
it is far from ideal. Hiiinan lalioiir eaii never he indeH 
nitely lliiid ami Iransferahle in a soeiity lliat has a 
soul ahov<‘ e(»nsiimpti(Hi of mere eommodilie.s. These 
lhr(‘e ohstiTietions to <‘han^e are not final and rigid 
limitations u])oii it. Men die, their skill and home 
assoeiations with them. Plant and (‘<|iiijimeiit wear 
out. TIn-ir sueeessor prisi-nts a natural opportunity 
ill eaeh of the threi* eases for the iiilroduetioii of 
ehaiige in position, in aptitiuh', in purpose or design, 
without waste or huiiian distress. 'I’he length of 
working life and the ihirahility of imderial.s mark 
the natural phase or periodieity of a smoothly 
ehanging soi'iety its quanta, so to sp(‘ak. Hut the 
impetus for «-haiige t»r the irritant has no.sueh inttT- 
vals. It proeeeds from various eaiisis: varying 
harvests, ehanges in natural forees; ehanging human 
ilesires ami fashions; diHeremt-s in the rate <if gniwtli 
of population in its dilfereiit parts; the i'olleet iv«' 
psyehologii'al errors of optimism and pessimism in hiisi- 
ness ill an imiividiialislie soi'iety; variations in gi>ld 
supplies and enalit ]Kdieies based thereon. All or any 
of these, without invoking any ilisturhanei's from the 
impaei of seieiititie diseovery, would si'i've to make ad- 
jiistineiils m'ei'ssary outside the natural phases to 
whieh I have referred, in a soeiety with parts that, are 
interdepemh'iil through division of laliour, and loealisa- 
tion of industry, joined hy foreign trade ami eoiiveiiient 
transjjort. These alone would hring ahout a ehanging 
world with ineomplete adaptations, loss of eapital, 
and so called frictional unemployment. It is easy lo 
exaggerate the adjustment necessary for the addition 
of invention and si'ii-nee to lln-se causes of change. 
Ihit with the inteiisifleation of seientifie idl'ort, and 
the greater suh division id* industry, the possilde dis 
location heeoines more fre(|uent and the ways of meet 
ing such change of greater piihlie import anee. 'riiis 
tiehl of inquiry includes widely iliverse questions, 
e.g., fiali'iil laws, invention clearing, ohsohseeiiee 
ai'eountaney and costing regulation, taxation ailjnst- 
iiu-nts, local rating pooling, trade union regulatioii.s, 
price controls, ti'ehnieal ediieation, age ami other 
diseriiiiinations in unenqiloymenl relief, transfer 
bonuses, ptaisioii rights, housing facilities, and more 
selective direction of iinaiieial support of intensive 
.seientifie rcseareii. In this neutral field the specialist 
scientist and the politician are both amateurs. It i.s 


lo he covered hy each extending his studies, and by 
specialists who treat impact and change as an area 
of seientifie study. 

1 do not propose lo go over all the ground, so 
old, .So I'onstaiitly renewed, as lo tlie efi'eel of rna 
ehiiiery upon employment. It is known as an historical 
indiietioii that in the long run, it makes more emp'oy- 
ineiit than it de.stroys, in providing work in making 
the machinery, in rediieing price .so that far greater 
qii.aiitities of the eoininodity eoneeriied may he eoiisutii- 
ed, and in (‘iiahling piirehasiiig power lo he divirrted lo 
iiierea.se other produetioiis. It has even facilitated the 
creation of a larger population, whieh in turn has 
provided the new markets to work olf the additional 
])oteiitiality of the machinery. It does all tlii.s in ‘the 
long riin,‘ hut man lias to live in tlie short rim, and 
at any given moment there may be siieli an aggregation 
of unadjusted ‘short runs' as to amount to a real 
social hardship. Moreover, it eoiiies in this generation 
lo a people made self eoii.seioiis hy statistical data 
repeated widespread at frequent intervals, and lo a 
people socially much more sensitive to all individual 
hardship ami \ieissilmle wliieh is hroiiglil ahout hy 
eomiiinna] aihanei'. 

'I’liere are two important aspects of the* ehangi' 
indiieed hy seii'iiei' whieh are insiitneiently realised, 
ami wliieli makes a profoumi diirereiiee lo the diree 
tioii of tlioiiglit and inquiry. The first I will call 
the ‘halanee of innovation' and the sei‘oml the ‘safely 
valve' of population. 

The changes hroiiglit hy seieiiei* in eeonomie life 
may he broadly i-lassific-d «s the ‘work creators’ ami 
the ‘work savers.’ The latter save lime, work, and 
money hy eiiahling the existing sn})ply of particular 
eominodilit s lo he ))ro(lneeil more easily, and tlierefon- 
at lower cost, and tinally at lower prices. IVople can 
spend a*- mneli money as before, upon them and gel 
largtT ({(lanlities or they can eoiiliiiiie lo buy their 
exisiing requirements at a lower cost. In this .second 
I- vent llu-y ‘save money’ and their purchasing power 
is n*leased for other purposes. Hy a parallel process, 
producing or labouring power i.s released through un 
einpioynieiit. The relea.scd working force and reh'ased 
piireliasiiig jjower can come together again in an 
inrreasrd demand for other products whieh, to this 
extent, have not been hitherto within effee.tive demand. 
The supply of this inerease may go part or all of 
Hie way to ah.sorb the di.splae(‘d Inhoiir. Hut this 
process takes time, and the labour displaced is not 
at once of the right kind nor in the right place. More 
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important, however, is the invention of quite new 
objects of public demand, wliieh may be desired in 
addition to llie supply of old ones. This brings to- 
gether released labour and relea.seil ])ureliasing power 
in the most decisive way. 'I'he most or«lerly aiul least 
disturbing phases i>f progress will he foiiiid when 
these two types of innovation an* reasonably balaneed. 
Of course, few new objects of piirehasing auiltitiim are 
entirely additive; most of them displace some other 
existing supplies. Artificial silk displaces some cotton 
eonsuinption, radio may displace some types of 
musical instruments. Heeeiitly tlu* (ieriiiaii production 
of pianos and guitars has been at a very low p<*rceii 
tage of capat'ity, and part of this lias laeii madt* 
good by tlu* <lcmand for ratlio sets. 'I'lie dislocations 
caused by labour-saving machinery can most I'asily be 
mad<' good by a due halancv of new labour creating 
(*ommoditics. 

natural increase of ])opiilalion is the best shock 
absorber that tlie community can possess, especially 
if aceoiiipaiiied by an extension of territory such as 
the United States enjoyed in the constant westward 
movement of the frontier in the iiiiietcenth century, 
or Britain in the }>eriod of overseas emigration. A 
moment’s reflection will show why this is the case. 
.\ssume that 1 ,000, 000 units of a comiiKMlity are made 
by 100,000 men, and that then? is an inc*rease of 
impulation of 2 per <*ent per annum, so that in five, 
years 1,100,000 units will be eoiisiitiied and « mploy 
110.000 men. Xow assume tlie introduction of a new 
inveiitioii wliieli enables 1.100, 000 units to be iii.ade 
by 100,000 in<*n. Th»*re will be no displaeeiiieiit of 
existing labour, but only a redire«*tion of new and 
potential labour from that industry to other fields. 
Again, a eoiisiderahle rediietitm iii demand per head 
can be sustained without dislocation, if the .netiial 
aggregate of prod iu‘t ion demanded is maintained by 
inert*asing numbers, 'fhe affected iiuliistry eaii remain 
static and iieetl not become derelict. New entrants 
to indiislry will be ilireeleil tii thos<* points where 
purchasing power, released through labour-saving 
devices, is «*reating new o])])ort unity with new pro- 
ducts. New capital is also naturally directed info 
the new chaiiiK'Is, instead of into additions to the old 
industry. 

Now the problem before all western industrial 
countries is the fact that their populations are shortly 
becoming stationary (and then will begin to decline 


noticeably) and tliis safety valve of increasing popula- 
tion w'ill no longer be available. Every transfer of 
per capita piirehasing pow»‘r to new directions must 
then he a definite deduction from the old directions, 
no longer made good by the steady increase in the. 
iiiimhers deiiiandiiig h*ss per head from those old 
sources. 'I'hit impact of seieiiee upon a stationary 
population is likely, tu'teris parihust to la* iiiueli more 
s<*verely felt than upon a growing population, because 
the changes of direction (‘aiiiiot la* absorbed by the 
newly directed workers. Of course, the effects of a 
statii* population can be mitigated if the per capita 
iiieomi* is increasing, because a new direction of de- 
mand t‘Hn be satisfied out of the additional pureliasing 
power without dislurhiiig the original iliri'ctions of 
demniid provided by the original pureliasing power. 
But the change from a growing to a static or declin- 
ing population is only one type of difficulty. While 
the aggn‘gate is altering but slowly, the ])arts may be 
changing rapidly, 'riiiis, in this country iO.l* millions 
ill l.U.MT becomes t0.l> in 1!)12. 10 in 1047, »9.8 
millions in l!).')^. .‘fS.O in and »‘)7.5 in 1902. 

But tlu* eliildn*!! aged 10 — which I take because of 
its hifiiu*n(*e on si*bools. teiiehiiig and industrial entry 
have lu*en estiiualt*il, taking those in 1!)37 as 100, 
to he 8.^ in 70 in 1052 and 02 in 1002. A 

fall of this magnitude iiu*ans that industries and in- 
stitutions dependent upon tin* pri'sent numbers must 
not be mt‘rely static but actually regr«*ssive. On the 
other hand the old j>eople from 05 to 74 will increase 
ill this ratio — 100, 1 1.'f, 127, and l.‘i;i. These problems 
of static ])opulHlioiis at home are aeeeiituated by the 
possibility of a similar li*iideney abroad, and need 
thought ill advance. 'I’he Australian farmer is more 
affiH'ted by the British conditions of population than 
by his own. 

We have thus the first difficulty, that of a static 
total deiiiaiid, tin* second, that tlie safety valve of 
new industrial (‘iitrants is he(*oming smaller, but a 
third diffieiilty eoinc's from the present teiuleiiey of 
that class. A stationary elderly )>o)mlatioii must be 
v<*ry inflexible to ehnnge, but a stream of new young 
life, t*veii if it is to be siua1h*r, would give, tile oppor- 
tunity for just that ehangi* of direction, in training 
ami mobility, which so»*i»*ty needs. But unfortunately, 
in prai’tiee this does not now seem to be very adapt- 
able. For Ave learn from certain Unemployment 
Insurance areas that while the older people will will- 
ingly take jobs at wages a f(*w' shillings in excess of 
the unemployment relief, tlie younger men are more 
difficult. For every one that will accept training under 
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frood conditions to suit llicin for eligible work, ten 
nifty refuse, and llie number who will not go any 
distanee to take work at good wages is als<j in excess 
of those who do. Attaehmeiil to place lor old<T jieople 
is iinderstaiiflable, and has been accent iialed by hous- 
ing difKeiilties one learns of miners iim-inploye<i in 

a village where the prospects of the pit reopening 
are negligible, while at the same liiiu*, 011I3’ twenty 
miles away new miners are lu-iiig created by attraction 
from agrieiilliire to more exiemleil workings in their 
firt'a. ’I'iie very social machinery which is st‘t up to 
facilitate change or to soften dislocation, aggravates 
the. I'vil. 'rile first two diftieullit's are unalterable. 
'I'liis third diflieulty is a siibji'ct for scientific examina- 
tion. 

So much for tiu* effect of (‘hange of any kind u))on 
employment. Vow let us narrow this to seientifie 
changes. .Vt any given moineiil tin* impact of seieiuv 
is always causing some imeinploymeiit, but at tliat same 
time the eonslruetive additional employiiu'iit following 
upon past exfiired impacts is being (‘iijoytsl. Hut it is 
easy to exaggerate the aniount of the balance of net 
technological uiiem|)loyinen1. Kor industrial disequili- 
brium arises in many ways, having nothing whatever 
to do with science. C'hanges of fashion, (‘xhauslion of 
resource's, difft'rential growth in jKqmlation, changing 
customs and tariff.s. the psychological booms and d(‘ 
pressions of trade through iiionelary and other causes, 
all disturb f*(|uilibriuin, and, therefore, contract and 
expand einployincnt in particular places. Our analy 
tienl knowledge of uneinploymeiit is bringing borne 
the fact that, like ea]utal aeeiiiiiulation, it is the result 
of many forces. A reeeiil official report indicah-d that 
a quite unexpceled aiimunt or })erceutagc of unemploy- 
inent would be present even in boom limes. We know 
alreatly that there may be a shortage of reqiiireil 
labour in a district wFiere there is an iS or 10 per cent 
figure of uiieiiiploymcnt. So, in this country there may 
well be a million unein})loyeii in what we should call 
good times- -it is jiarl of the price we yiay for the 
high standard of life s<-eured by those who retain 
employment. Tor a level of real wage may be high 
enough to prevent every one being employable at that 
wage — though that is by no means the w’liolc economic 
.story of unemploymt'iit. Of this number probably 
200,000 would be practically iini'inployable. on any 
ordinary basis — tin* ‘hanl core’ as it i.s called. Per- 
haps seven or eight hundred thousand from the per- 
petual body, eh inging incessantly as to its unit 


eum|H>silion, and consisting of worker.s undergoing 
Iransiliuii from job to job, from place to place, from 
industry to industry, with seasonal occupations — the 
«*lements of 'frictional' unemployment through different 
causes. Out of this number, I .should ha/.ard that 
not more than 2.50,000 w'ould be unemployed through 
the parlieular disturbing element of net scientific in- 
novation. 'I'his is the maximum ehargi; that should be 
laid at I lie tioor <if .seienec, except in special limes, such 
as after a war, when the ordinary application of new 
seientifie ideas day by day has been delayed, and all 
the poslpouetl elianges tend to eomc with a rii.sli. At 
any given moiiK'iit, of eoiir.se, the teelinologieal iin- 
employmeiit that could ht; computed from the poten- 
liality of new proeesse-s over displaced ones, appi'ans 
to b«‘ much greater. Hut siieh figures are tjross, and 
from them must be deducted all recent employment in 
producing new things or larger proiluetion of old 
things, due to science. If we are presenting seienec 
with part of I be responsible aeeoimt of frictional un- 
einployment at any moment, it will be the total 
teelinologieal ri'diietion due to new processes and dis- 
plat'ciiient due to altiTcd din'clions of dt'innnd, less 
tile total new eiiqiloyinent created by new obji*ets of 
deniancl. 'I'liis has to lu' remembered wlu'ii we are 
being frightened by the mtw tnac'liine that does with 
one man what formerly engaged ten. Perhaps birth 
control for people dt'inandr* ultimately birth control 
for their impedimenta. 

'rile rale of ini rodiiel ion of new ini'Miods and the 
I'onseqiit'iit impact upon (‘inployineiit may depend upon 
the size and eliaraeter of the business unit. If all the 
producing plants for a parlieular market are under 
one control, or under a eo-ordiniiti'd arrangement, the 
rate of iiitrodiielioii i>f a new labour-saving device will 
b'* governed by a simple consideration. It can bt; in- 
troduced with each r»*newal nrograiiime for each re 
plaeeiiieiil of an obsolete unit, and therefore without 
vaste I.!' capital through ])remalure, ob.soIe.seenee. 
Hut this Hp))Iies only to small advantages. If the 
advantagt's are large, the difi’erenee in working costs 
for a given production between the old and the new 
ly))es may be so considerable that it will meet not 
only all charges for the new capital, but also amortize 
the wasted life of the assets displaced before they are 
worn out. In neilht'r ease then is there, any waste 
of capital, and the absorption of the new idea i.s 
orderly in time. Hut it is quite otherwise if the units 
are in different ownerships. Exees.s eapaeity can 
quickly rcrsult from new ideas. A new' ship or hotel 
or vehicle with the latest attraction.s of seientifie in- 
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ventioiiy quite* inarfi^inal in tlit'ir fiiarac'trr. may fibtaiii 
thi* bulk of the* oustom, iiml render lialf empty and, 
therefore, lialf obsolete, a unit built only a year beft>r«‘. 
'I'he oKl unit has to eoinpt'te by lower priees, and make 
.smaller profits. 'I'he ii(‘wc‘r unit is ealled upon to bear 
no burdens in aid of the reduced ea])ital values of the. 
old. It may be that the enhanced profits of the one 
added to the rt'diieed profits of the other make an 
average return uj)on capital nof far different frotii tin- 
average that would result in a eominmiity where 
orderly introdiu-tion on a renewal basis is the rnh*. 
Or perhaps the eoinmunity g(‘ts some of its iioveltit-s 
rather earlier under eoiiipetilive e«indifions and pays 
a higher rate of interest for them as a net cover for 
the risks of obsoleseenee. Waste of capital would 
be at a minimum if the ‘physical’ life of before wearing 
out were as short as the ‘.social’ life of the maehitie. 
'I'o make a thing so well that it will last ‘for ever* is 
nothing to boast about if it will la* out of fashion in 
a few years. 

Scientists often look at tin* problem of practical 
application as if getting it as rapidly as possible were 
the only factor to be eonsiderctl in .social advantage, 
and this dilferenco in the ))osition of monopoly nr 
single manag(*ment in their aliility to ‘hold u])’ new 
ideas is treated as a frustration in itself. Tims it has 
h«*en .said ‘the danger of ob.solc.seence is a great pre 
veiitative of fundamental applications to science. 
Large firms tend to be excessively rigid in the 
stnietures of production.’ Supposing that the obsolcs 
f-enc-e in question is a real factor of c<i.st, it would fall 
to be reckoned with in the eompulalioii for transition, 
whatever the form of .society, and even if the p< rsonal 
‘profit’ incentive wi-re iiic»perative. ll <-aimot be 
spirited away. A eustoinary or c<»nipulsory loading of 
co.st.s for short life ohsolc.seeiiee would retard imeeo- 
nomieally rapid competition of novtdties and could Ih* 
scientifically explored. 

Now let us look at displaced labour anil the costs 
of it. If the eifeet of diversion of demand through 
invention is to reduce the .scope or output of particular 
industries or concerns in private management, they 
have no option but to ri*duce stalT. If the pres.sure 
is not too great, or tlie ehangi* too rapid, this does 
not neees.sarily result in dismissals, for the contraction 
of numbers may be made by not filling up, with young 
people, the vacancies caused by natural wastage, 
through death and retirement. lUit where di.smissals 


are inevitable, re eiigageincnts may lake place quickly 
in the competing industries, otherwise unemployment 
ensues. Any resulting burden does not fall upon the 
contracting and uiqirolilablc indiislry — it has troubles 
enough of its own already. Nor is it put upon the 
new and rising industry, which is allraeting to itself 
the transferred profits. In the abstract, it might be 
deemed proper that before the net gains of snch an 
industry are computed or enjoyed it should bear the 
burdens of tin- social dislocation it causes by its in 
trnsion into society. In prat-lice, it would be difficult 
to assess its liability under this head, and in fact even 
if it could be determined, new industries have so many 
pioneer elforts and los.ses, .so many failures, .so many 
siqh-rseded beginnings, that it might well be bad 
social policy to pul this burden upon them, for they 
would he discouraged from starting at all, if they had 
Iti face the pros|)eel of such an overhead cost whatever 
their results. It would, of course, be theoretically 
)iossible to put a special levy on those m-w industries 
that turned out to be profitable, and to u.se it to relieve 
the social charges of disloc-ation of labour. Hut much 
the same argument could be ii.sed for the relief of 
ob.soletism of ca))ital. The distinction would, however, 
be that in the ease of the capital it could be urged 
that the investor should have been widi* enough awake 
to see the possibilities of the rival, whereas the worker, 
induced to take up employment in such a superseded 
industry, was a victim, and coulil not be expected to 
avoid it by prevision. In any ease, flic prevailing 
sentiment is rather to eneourage developing industries, 
than to put special burdens upon them, in order that 
the fruits of science may be i-fVeclivcly enjoyetl by 
society with as little delay as possible. 

In the upshot, therefore, the injuries li» IalM)ur, 
though not to capital, are regarded as ecpiitably a 
charge to be boriu- by society in general through laxa 
tion, and to be put upon neither tin- causing nor the 
suffering business unit. 

.\nil it may well be assumed that taken throughout, 
the gains of society as a whole from the rapid advance 
are ample enough to i-ovcr a charge for (-on.sequenlial 
damages. Hut .society is not cotiseiously doing any- 
thing to ri'gidntt- the rate of change to an o)>timiiin 
point in the net balance between gain and damage. 

'I'lie willingness ijf soei«-ly to ai-cept this burden 
is probably mainly due to the difficulty of fairly 
]>laeing it, for we find that when it ran actually be 
isolaletl ami the eoinmunity happens fortuitously to 
have a control, or the workers a power to induce, il 
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will be thrown^ not uj)on tiic attaekirig industry^ if 1 
may so call il, but upon the defender. Thus in the 
United Slates rerent ly, the priee of consent to co- 
ordinating seh(‘ines made fur the; railroads to reduce 
operating cxpc'nstrs, has been an agreement on this 
very point. If staff is dismissed^ as it was on a 
large scale in the depression^ because of fever 
operations and less stni‘k in eonseqiienee of reduced 
carriage through the smalh‘r volume of trade, or 
through road and st-a competition, no attempt is made 
to put any of the social cost upon the railroads, and 
the dismissed staff ht'come part of the general unem- 
ployed. Hut if the self-defence of the t'ompanies 
against competition takes the form of <‘o-operation 
with each other to reduce operations and stock and., 
therefore, costs, any resultant (lisniissals an* made a 
first charge upon them. Tlie agre«‘meiit is <‘iahorato, 
and has the e/fe*-! of preventing any adjustments 
which an ordinary hiisiiu'ss might readily make when 
il throws the burden on society, unless those adjust- 
ments yield a margin of advantage large enough to 
pay for their ])artieular special effects. Thus the 
rapidity of a<ljustment to now conditions, not to meet 
the case of high(‘r profits to be made at the expense 
of workers, but rather to obviate losses through new 
competition, is materially alfoetr<i, and a brake is put 
upon the meehaiiisiii of equilibrium in this industry 
which does not exist in its rivals, or in any others 
where the power exists t<i throw in upon tin; eom- 
munily. A similar provision exists in the Argentine, 
and it is imposed by Act of Parliament in Canada, 
but as one of the eoneeriis is nationally owned, and 
the current losses fall upon the national budget, its 
charge is really socially borne in the end. In this 
country such provisions were pari of the amalgamation 
project of 192;^, and of the formation of a single 
transport authority in London in 19;t;t ami, therefore, 
did not arise through .stet)s taken to meet new fat'lors 
of competition. Hut the opportunity for their iinpf>si- 
tion came wlieii rights to road pow’crs and riglits to 
pooling arrangements were sought by tlie railways — 
both of them adjusting mechanisms to minimise the 
losses due to the imj)aet of new invention— and this 
was clearly a specialised case of keeping the burdens 
off .society. In Uie ease of the eleetriely supply 
amalgamation of 1933, brought about for positive 
advantages rather than in defence against competition, 
similar provision was made, and parliamentary powers 
for transfers to ga^t and water undertakings, also not 


defensive against innovation, have been accompained 
by this obligation. In the ease of such uncontrolled 
businesses as Imperial Chemicals and Shell Mex, 
rationalising to secure greater profits, rather than 
fighting rearguard actions to prevent losses, obligations 
to deal with redundancies had been voluntarily 
assumed. In such eases the public obloquy of big 
business operations inimical to society can be a 
negative indiieeinc'iil, but some freedom from radical 
competition in prices provides a positive power to 
assume the burden initially, and pass it forward 
through priee to eonsiiinc*rs, rather than back against 
shareholders. The third case, howcv(*r, of making it a 
net sharge on the improved profits, is (juitc an adequate 
outlet. If the principle of putting tin's particular 
obstacle in the way of adjustments to mec?t new 
competition (as distinct from inerc'asing profits) is 
socially and etliieally correct, il is doubtful whether 
il is wisely confined to eases where there is quite for- 
tuitously A strategic control h}* piihlie will. 

It will be, clear that the difference between tlie 
introduction by ])iirely eoininiilive eleim*iils involving 
premature absolesc*eiu‘e and iinemployiiU'nt, and by 
delayetl action, is a cost to society for a greater 
promptness of ae«*essibilily to novelty. The two 
elements of capilnl and labour put out of action, wouM 
have supplied society with an extra (|uantity of exist- 
ing elass(‘s of goods, but society prefers to forego 
that for the privilege of an earlier aiitii'ipation of new 
things. I estimate this priee to he of the order of three 
per cent, of the annual iialioiial ineome. Hut when we 
speak of social advantage, on lialaiiei*, outweighing 
social cost, we dare not he so simple in praetiee. If 
the aggregate individual advantage of adopting some 
novelty is 100.1’ and the social cost in sustaining 
the eon. sequential unemployed is 90.r, il does 
not follow that it is a justifiable bargain 
for soeic’ty. 'I’lie moiu*y <*osl is based on an 
economic ininiiiiiim for imfiorlant reasons of social 
repereiissions. Hut Hie moral cffi'cts of unem))1oymeiit 
upon Hie eliaraeter and hnjipiness of tlie individual 
e.seape Hi is equation altogether, and arc .so great 
that we must pause upon the figures. What .sliall it 
profit a civilisation if it gain the whole world of in- 
novation and its victims lose their souls? 

So far 1 liave treated the. problem of innovation a.s 
one. of uneconomic rapidity. Hut there is another side 
— that of improvident tardiness. Enormous potential- 
ities are seen by si'ieiitists waiting for adoption for 
human benefit, under a form of society quicker to 
realise their advantage, readier to raise the capital 
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required, readier to pay any price for dislocation and 
to adjust the framework of society accordingly. A 
formidable list of these potentialities can be pn‘parcd, 
and there is little doubt that with a incntality 
adjusted for change, society could advance nuwh more 
rapidly. But there is a real distinction bf'twceii the 
methods of adopting wliatcver it is decidctl to adopt, 
and the larger question of a more thoroiigligoiiig 
adoption. In profiortion as we can improve the impact 
of the present amount of innovation, we can faci- the 
problem of a larger amount or faster rate. Unless 
most scientific discoveries happen to come within the. 
scope of the profit motive, ami it is worth .sonicoiic‘*s 
while to supply them to the (community, or unless the 
community can be made sufficiently seitmtifically 
minded to include this particular demand among their 
general commercial demands, or in substitution for 
others, nothing happens— the pohiitial never hec'nrnes 
actual, it has been computed that a beiu'volent 
dictator could at a relatively small exjicnsc, by apply^ 
ing our modern knowledge of diet, add some two 
inches to the average stature and s(?vcn or eight iiounds 
to the average weight of the general po])ulation, 
bc'sidcs enormously increasing their resistance to 
disease. But dictators have disaclvantagt's, and most 
people prefer to govern their own lives indifferently, 
rather than to be i<leal mammals under ordf‘rs. 'I’o 
raise their own standard of seitmtific apj^reeiation of 
facts is the better course, if it is not utopian. It has 
been clear for long enough that a diversion of part 
of the average family budget expenditure from alcohol 
to milk would be of great advantage. But it has nut 
happened. If the individual realised tin* fact, it 
certainly might happen. It is ironically remarketl 
that the giving of free milk to necessitous <'liildren, 
with all the net .social gain that it may bring about, 
has not been a considered social action for its <»wn 
sake, but only the by-product eine,rgen<*y of commercial 
pressure — not done at the instance of the Ministry 
of Health or the Board of Kducalion, but to please 
the Milk Marketing Board by reducing the surplus 
.stocks of milk in the interests of the producer! 

Scientists see very clearly how, if ])olitieians were 
more intelligent, if business men were more disin- 
terested and had more social responsibility, if govern- 
ments were more fearless, far-sighted, ami flexible, 
our knowledge could be more fully and quickly used 
to the great advantage of the standard of life and 
health — the long lag could be avoitled, and we should 


work for social ends. It means, says .Mr. .Julian 
Huxley, ‘ the replae«*im*nt of the present st>eially 
irresponsible financial control by .socially responsible 
planning bodies.' Also, it obviously involves very 
eonsid(‘rable alterations in the striu'lun* and objectives 
of society, and in the oeeupalitins and pre-oeeiipatioiis 
of its individuals. Now a careful study «»f the 
literatun* of planning shows that it deals mainly with 
planning the known, and hardly at all with planning 
for (‘Iianges in the known. Although it eontenqilates 
‘ planned ’ research, it does not generally provide 
fi»r introducing the results of new research into tin* 
plan, and for dealing with the actual impticl — the 
uiiianploymeiit, redirection of skill, ami location, 
and the breaking of st-ntimental ti(‘s that distinguish 
men from rolmts. It .seems to have not many more, 
expedit'iits for thi.s human ]>roblem than our quasi- 
individualist society with its alleged irresponsibility. It 
also tends to assume, that we can tell in advance what 
will succeed in public demand and what will be siiper- 
.seded. There is notJiing more difficult, and the attempt 
to judge correctly under the intellectual stimulus of 
high profits and risk of great losses is at least as 
likely to succeed as the less personally vital decision 
on a eoinmiltee. Wouhi a planning committee, for 
exani))le, [ilaririiiig a new hotel in IPO I, have known 
any better than capitalist pri'vision that the fifteen 
bathrooms then eonsidered Hde(|iiate for .social demand, 
ought really to have heen t(‘n timt's that number if the 
bold was not to be eoiisiitered ob.soletf* thirty years 
later Prevision thought of in terms of hindsight is 
ea.sy, and few .scientists hav«* enjoy«*d the ri*sponsibilily 
of making practical decisions as to what the public 
will want far ahead. 'I'liey, then-fore, ti-ml to think 
of prevision in terms of knowledge and appreciation 
of particular s('i(‘iilifie possibilities, whereas it involves 
iiiikiiowii demand selu-dule.s, the utieeasing bafHing 
priiK-iple of substitution, the iiii-rtia of institutions, 
the crusts of tradition and the queer iiiealeulabilily of 
mass mind. Of course, in a world where, people go where 
they are told, when they are told, do what they are 
iiistrueted to do, accept the rewanl they are allotted, 
<‘onsiime what is provided for them, and what is mani- 
festly so seienlilically ‘good for them' these difficulties 
need not ari.se. The human ])rol)leiii will then be the 
* Impact of Planning.’ I am not here examining the 
eeoiiomies of planning as such, but only indieating 
that it does not provide, automatically the secret 
of correct prevision in seieiilifie innovation. When 
correct prevision is possible* a committee can aim at 
l^laniiing with a iiiiiiiniimi distiirbanec and wastage 
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(anil has the advantage over individuals aetiiig eoni- 
petilively), but for sueh innovation as proves to be 
nceessary it docs not obviate the human disturbance or 
radically change its character. 'I'he parts of hiiinan 
life are co-ordinated and some are more capable of 
quick alteration than others, while all are iiuilually 
involved. One may consider (lit* analogy of a railway 
system which has t* voiced, partly empirically ami 
partly consciously, as a co-ordinated whoh*. Smldenly 
(he customary speed is railieally changed, and then 
it may be that all the factors are inapporpriate- -<iis- 
lance bet wren signals, braking jiowt'r, radius of 
curves, camber or .siiper-tdevalion, angles of crossings, 
bridge stresses. 'I’hi* harmony has been de.strnye<l. 
Kspeeially may this be the case if the new factor 
applies to some units only, and not to all, when the 
potential density of traffic may be actually lessened. 
The. analogy for the social system is obvioMs, anti its 
form of government matters little for tlu' presence 
of the problem, though it may be important in tlit* 
handling of it. 

I have spoken as though the iittrmal span tif lift* 
of men amt machinery Ihcmstdvt's pnivides a pfiast* 
to which scientific atlvanee might be adjusted for a 
completely siiutoth social advance. Hut this would 
be to ignore cusloins anti iiistilulions, t'veii as we sec 
in Federal i\merica, Australia anti Canada, consti- 
tutions which lengthen that phase and make it lt‘ss 
amenable as a natural transition. At tme lime we 
relied on these to bring abtmt the ectmumic ;iiljust 
mciiL necessary. Hut technical changes take place st> 
rapidly that such forces work far loti sltiwly to make 
the required adaptation. Habits anti customs are ttm 
resistant to change in most natitmal sticietics to bring 
about radical institutional changt's with rapidity, anti 
w'c patch with new institulitins anti rules tti alleviate 
the eflfeets rather than remtive the causes of malatljusl- 
ments. The twenty mile speed limit Itmg outstayetl 
its fitness, anti oltl builtling restrictions rcmainetl to 
hamper progress. F.tiistin is reportt;d tti have saitl that 
it takes twenty-five years Iti get an itlea in tti the 
.American mintl. 'riie Wtdibs have given me a modal 
])erititl tif ninclcin years from the time when an idea 
comes up as a practical proposition from a ‘dangcrotis* 
left W'ing to the ilatc when it is efreetively enacted by 
the moderate tir ‘safe’ prtigressive party. This period 
of political gestation may be a function tif liuman psy- 
chology or tif stieial struelure. We tio iitil kntiw how 
ideas from a poiru of entry, permeate, infiltrate or 


saturate society, ftillowing the analogues of eoiitluetion, 
etinveclioii, or lines of magnetic force. 

Our attitude of mind is still to regard change as 
the exceptional, and rest as the normal. This comes 
from centuries of tradition and experience, which have 
given IIS a tradition that each geiicratiuii will sub- 
stantially live amitl the eonditions governing the lives 
of its fathers, and transmit those conditions to the 
siieeeeding generation. As Whitehead says: ‘ we are 
living in the first period of human history for which 
this assumption is false.' As the time span of import- 
ant eliurige was considerably longer than (hat of a 
singU* human life, we. enjoyed the illusion of fixeil 
(‘onditions. Now the time span i.s mueh shorter, and 
we must learn to experience change ourselves. 

I have so far tliseiissed modification of impact to 
mi‘et the nature of man. Now we must consider 
modifying the nature of man to meet impact. 

Soeiologisis rcfi-r to our ‘ cultural lags 'when some 
of the phases of our social life ehaiigi* more quickly 
than others and thus g«‘t out of gear and cause mal- 
atljiistments. Not siifiieirnt harm is done to strike 
the imagination wtieii the (‘liange is a slow one, and all 
the eonle.\ts of law, elliies, ceonoinie relations and 
cdiicntinnal ideals tend towards harmony anti co-or- 
dination. We can even tolarate by pur conventions, 
gaps between them whem preachers and puhlieisls can 
tlerive certain amusement and profit from pointing out 
our ineonsislcneies. Hut when things are moving 
very rapidly, these lags hceome important; tlu? eoii- 
eepls of theology and ethics, the tradition of the law, 
all tend to lag seriously behind changes brought about 
through seienee, teehiiieal all'airs and general eeo- 
nomie life. Some hold that part of our present 
th'rnngeinenl is tlue to the lack of harmony between 
thest* dilferriil phases the law and governmental 
forms eitu^titutifuially elearl}' lag behind even (‘eoiiomic 
developments as impulsed by scientific discovery. .Vii 
acute American observer has said that ‘ the causes of 
I Ilf greati'st eeoiiomic evils of to-day are to be found 
in the reeeni great miilti])li(*atioii of itilerferenees l»y 
Chiverninent with tin; functioning of the markets, 
under the. inlliienee of antiquated doctrines growing out 
of conditions of far more primitive ceonomie life.’ It 
would he, perhaps, truer to say that we are beeoming 
‘ stability eonseious ’ and st'tling greater store, on 
liiimaiiitarian grounds, by the evil eifeels of instability. 

In the United States it would be difficult to find, 
exeejd theoretically in the President, any actual 
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prrson, or instriinicrii in tiu; ('onstitiiiioii, havinfi: any 
rrsponsibility tor looking at tin* ))i('tiir(‘ of tlir roiiiitry 
as a whole*, and llit're* is ('(‘rtainly none for iiiakin^ a 
co-ordinated plan. Indeed, in deinoeraey, it is diffieidl 
to e'oneieve it, be*eans«* the man in public life is under 
('ontinual pressure of particular groups, and sn lon^ 
as In* has his electoral ])osition to e'onsider. he cannot 
)ml the general picture t»f progress in the for«-fr«»iit. 
Whitehead eh'clared that when an adespiale roiitiiu*. 
tin* aim of every S4u*ial system, is (‘slablislied, iulelli- 
ge'iiee* vanishes and the system is inainlaiiu'd by a c‘o 
ordination of eonditioru'd reflexes. Specialised training 
alone is necessary. Xo one, from President to miner, 
need iinderstaml the system as a mIioIc. 

'Pile price of pace is peace. Man must iiiitvi- tiy 
stages in whieli he enjtjys for a space a settled idea, 
and thus there must always be somidliing uliieli is 
rather di*Iayed in its iiitrodiu-tioii, and the source of 
sectional scientific .scorn. If every day is ‘moving* 
ilay, man must live in a eonstanl mtiddh*. aiul create 
that very fidget and unrest of mind wliieli is the 
negation of happiness. Always ‘ jam to morrow * 
-the tomorrow that ‘never comes.' If we must 
have rpianta of stages, the (pieslion is tlu'ir optimum 
h'nglh and character, not merely the regulation i>f 
inilustry and innovation to their temp(», hut the 
education of man and society t<i puls«' in tlie saiiu* 
rhythmic wavelength or its harmonic. 

In some ways we are so obsessed with tlie delight 
and advantage of discovery o^' new things that we ha\e 
no pro]>ortionate regard for tin* jirotdems of arrange- • 
ment and ab.sor]ition of the things diseoven-d. Me 
are like a contractor wlui has too many men hriiigiiig 
materials on to the site, and not enough men to creel 
the buildings with them. In other words, if a wise 
central direction were pro|»erly allocating researc-h 
workers to the greatest marginal advantage, it would 
niak<- some important transb-rs. 'riiere is not too iniieli 
being devoted to research in jdiysies and chemistry, as 
mmlifying industry, but there is too much relatively 
to the re.scarcli upon the things they alTeet, in physio- 
logy, psychology, economies, sociology. M c have not 
begun to .secure an optimum balance. Additional fin- 
ancial resources slioidd be applied more to the 
biological and human sciences than to the applied 
physical sciences, or possibly, if resources are limited, 
a transfer ought to be made from -me to the other. 

Apart from the .superior tone sometimes adopted 


by ‘ ])urc .science ’ towards its own applications, 
scientific snobbery extends to ])oor relations. Many 
of (he hard boiled exprimental scientists in the older 
and .so ])rodu(-tive fields, look askance at the newer 
borderline seieiiees of genet i<-.s. eiigeiiies and human 
heredity. psyrholi»gy, education, and .sociology, the 
terrain of so niueli .serious work hut also tlie happy 
liiinting ground of ‘ viewey ' cranks and faddists. 
Here the aeailemie soloist is still es.seiitial, and he 
has no great context of eoneerled work into which 
to tit his own. Hut unless progri'ss is made in the.se 
fields which is eomparable with the* golden agc.S of 
disi-overy in physii-s and chemistry, we are producing 
progn-ssively more problems for society than we arc 
stilviiig. .V ei>nimilti‘e of population experts has re- 
cently biuiul that tile «‘xp«‘ndilurc iUi the natural 
seiein*cs is some eight It) ten times greater than that 
•ni social st-ieiitcs. ^'I'here is hardly any money at all 
axuilahlc for tlieir programme 4)f restart-h into the 
immenst- and vital prohh'ins of |)opulalion in all its 
f|ualitative and cpiantitative luarings. .\u attack all 
along the front from polities and tMlneation to gencticN 
and hiiinat) hcrctlity is long overdue. Leisure itself 
is an almost iim xplortd field scientifically. lM)r we 
cannot di-pend wholly on a hit ami miss ])roec.ss of 
pt-rstinal atlaptation, great though this may he. There 
must he o))timal lint s of eliangt* which are scientifically 
tlctt-minahlc. M’c tiave seen in a few years that the 
human t)r social t(‘m))i‘ramcnt has much witlt-r range 
t)f tolerance than we had siippo.sed. We can take 
several ])opular t‘\am))h‘s. 'I'lie reaction to altered 
speetl is pr«>niineni. In I tic Crvvvvii Pnpvrs, it is 
rcetirtlt-ti that the Knowsicy party Heet)ni))li.shefl 2H 
miles per lu)ur on the railway, anti reetirtled it as 
‘frightful - inipt)ssil>Ic l4» divest yjuirself of the nt)tion 
<if instant ticatli it gave me a lie.Htlaehe which has 
iml left me yt l - sonit- liamnahle thing iiiiist come of 
it. I am glatl to have seen tliis miracle, hut tpiite .satis- 
tieil with my first achievement being my last.’ In 
the Hritish .\ssoeiation met'ting ft)r ISflli, an adilre.ss 
on Railway Spt-etls prophesied that somt- tlay 50 
miles an Intiir might he possible. l't»rty years ago wc 
may remember that a cyclist doing 1.5 to 18 milc.s 
an hour was a 'setireher' and a f)uhlie tlangt-r. 'I’wcnty- 
five years ago, .'iO milt's an hour in motoring was an 
aliimst unhealthy ami hardly hearable pace. To-day 
tin- fifties and sixties are easily borne, both by pas- 
senger and lot)ker tm. .\eroplane speeds are differ- 
ently judged, but at any rate represent an extension 
of the tolerniiec. Oireet taxation thirty years ago in 
relation to its effect on individual effort and action 
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srfinr<l In rt*arh a l)rfakin|^:-j>«>int ami was rc'gardeil 
as |)syfln>ln^(ii'ally mihi'arahlr at U*vt*Is wliioh to-day 
an* intTfly amusing, 'rin* ropiniis protec'tion of 
wouk'h's clrrss thfU wniilil Iiavf looked upon lo-day’s 
ratii>nalilv as suiridal liinai'V. One ln‘sitates to say, 
tlien’fore, lliat resislanees to seientifir eliaii^t'S will 
l)f‘ primarily in llie diffieiilty of int'idal and phyaical 
adjiislineids. Hid there ean he little douhl that with 
the ri^ht applications of experimental psychology and 
adjusted ediieation, tin* mind of man would be still 
more adaptable, rnforliinately, we do not know 
wehther ediieation as an acquired eharaoteristie is in 
any di*gree iiiheritabh', and wln-llier iiiereasing edii- 
eabilily of the mass is a mere drt'ain, so that w<* are 
committed to a sisyphean task in each generation. 
Nor do we know whether this aspeel is alfeeted by 
the indiieed sterility of the age. It may mil In* a 
problem of elianging the same man in his limetime, 
but of making a larger dilfereTiee lietweeii father ami 
son. 'riie latest tt'at'lniigs of genet ieisis liold out 
pros))eets for (be future of man wbieb we .sitould like 
to find within our present grasp, and ri'eent .sue- 
eessful ex])eriments with mammals in parlhenogene.sis 
and eutelegenesis bear some inserulable expression 
wbieb may be either the assuranee of ne>v hope for 
mankind or a devil's grin of deeadeiiee. 

What is e<*omimie.s doing in this kaleido.soope.^ 

'I'lu* liody of doctrine wbieb was a satisfactory 
analysis of society twenty-five years ago is no longer 
adequate, for its basic postulates are being rapidly 
elianged. It confined itself then to the actual world 
it knew and did not elaborate theoretical .systems on 
diffen-nl bnsi-s wliieli might never exist- It is, there- 
fore, now (‘iigaged in profoundly imidifyiiig the old 
.slriieliires to meet these new <’onditions. Formerly 
it assumed, cpiite properly, a considerable degree of 
fluid or eoiiqietitive afljiislnieiit in the response of 
factors of prodiietion to the stimulus or operation of 
price, wbieb was ri‘ally a theory of value-equilibrium. 
WbereviT e(|inlibriiim was disturbed, the dislurbanee 
releasi‘d forei's tending to restore it. To-day many of 
the factors formerly free are relatively fixed, .siieb 
a.s wage levels, prices, market (piotas, and when an 
external impact at .some point strikes the organi.sin, 
instead of the effect being absorbed throughout the 
system by adjustments of all the parts, it now finds 
the shock evaded or transmitted by many of them, 
leaving the effects to be felt most severely at the fest* 


remaining points of free movement or acoommcKlation. 
Unemployment is one of these. The extene to which 
this fact throws a breaking .strain upon those remain- 
ing free points is not completely analysed, and the new 
economics of imperfect competition i.s not fully written 
out or aKsorbed. The delicate mechanism of price 
adju.stment with the so-callcd law of supply and 
demand governed the whole movement, but with 
forcible fixation of certain ])ricc elements eoiisoquences 
ari.se in iifif'xpeeliMl and remote quarters. Moreover, 
tin* .search for a communally planned system to secure 
freedom from maladjustments involves a new economics 
in which the. central test of pric*e must be superseded 
by a statistical m<‘elianism and a caleiilus of cosl.s 
wliieli has not yet been staisfaetorily worked out for 
a eommunity retaining some freedom of individual 
action and choice. The old international currency 
equilibrated world forees and w’orked its way into 
internal eondiliuns in order to do so. Hut the modern 
attemjit to prevent any internal effect of changes in 
international trade, or counteract them, and the elioice 
of internal price stability at all costs against variable 
international eeonomie equations, has set economic 
science a new structure to build out of old materials. 
At. this moment when ela.sticity is most wanted, 
.stability leading to rigidity becomes a fetish. 'I’he 
aftermath of war is the impossibility of organising 
society for peace. 

'I'he impact of economic science upon society to- 
day is intense and (‘onfiising, because, addressing itself 
to the logic of various .sets of conditions as the likely 
or necessary ones according to its exponents’ predi- 
lections, it s}>eaks will, .several voiees,and the public 
are bewildered. Unlike their claims upon physics 
and iiiatlu'niaties, since it is dealing w'ith money, 
wages, and employ merit, the things of everyday, they 
have a natural feeling that it ought to be easily under- 
standable and its truth rceogni. sable. Balfour once 
.said, ill reference to Kant, ‘ Most people prefer a 
probh'in wbieb they cannot explain, to an explanation 
wbieb they cannot understand.’ Hut in the pa.st 
twenty years, the business world and the public have 
become c‘eonoini(*s-<'on.seioiis, and dabble daily in index 
iiiimbcrs of all kinds, and the paraphenalia of foreign 
exchange and statisties of economic life. The rela- 
tivity of ecronomic principle to national psychology 
baffles the economists themselves, for it can be said 
truly at one and the same time, for example, that 
confidence will be best secured by balancing the 
Budget, and by not balancing it, according to public 
roentalitv. The economics of a community not 
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economically self-conscious are qiiile tliirereiit from 
those of a people who watch every sign and act accord- 
ingly. 'i'hus the common notion that economics should 
be judged by its ability to forecast (cpsccially lo a 
particular dale) is quite fallacious, for the prophecy, 
if ‘ true ’ and believed^ must dcstr*)}* itself inasiiiucli 
as the economic, conduct involved in Ihe fon'cast is 
different after the forecast from what it would have 
been before. The paradox is just here, for example: 
if a people arc told that the peak of jiriccs in a com- 
modity will actually be on June 10, they will all so 
act that they anticipate the date and destroy it. 
Economics, thoroughly coraprclicndcd, <*an well fore- 
tell the effects of a tendency, but hardly ever the 
precise date or amount of critical events in those 
effects. The necessity for a eoneeiitraiitm upon new 
theoretical and analytical analysis, and upon realistic 
rescarcli, is very great. Hut so also is the need for 
widesprea<l anti pojiular teaching. Ftir a single 
chemist or engineer may by his discovery affect the 
lives of millions who enter into it but do not under- 
stand it, whereas, a concept it)n in eeonoiiiie life, how- 
ever brilliant, generally requires the etuiformity 
of the understanding and wills of a great iiumbtT 
before it can be effective. 

Hut not alone econoiiiies: if the impact of science 
brings certain evils that can tuily be curetl by more 
science. Ordered knowledge and principles are 
wanted at every point. T.et us glance at three only, 
in widely' different fields: man's work, man's health, 
man's moral responsibility. 'I’lie initial inipael of new 
seience is in the factory itself. The kind of remedy re- 
quired here is covered by the work of the National In- 
stitute of Industrial Psyc’hology. Some of this inqjrovcs 
upon past conditions, some creates the eoiulitions of 
greater production, but mu<*h of it combats the evils 
arising from new conditions ercatetl by iiimiern 
demands, speed, accuracy ami intensity. It invokes 
the- aid of many branches of science. It is the very 
first point of impact. Yet its finance is left to per 
sonnl advocacy, and commands not 10 ])er cent, of 
the expenditure on research in artificial silk, without 
wJiich the world was reasonably happy for some cen- 
turies. We can judge of the scojie of this by the re- 
ports of the Industrial Health Research Board. 
Again, the scientific aneillarics of medicine have made 
immense strides. Clinical medicine as an art makes 
tardy, unscientific and halting ii»c of them. The 
public remain as credulous as ever, their range of 


gullibility wideiieil with every pseiuh»-.scieiilifie 
approach. (We do mil know what proportion of 
positive cases can create the illusion of a signiHeant 
majority in mass psychology, but 1 suspect that it is 
often as h»w as twenty per cenL). Ftir a consider- 
able range of troubles inadcc|uatcly represented in 
hospitals, the real (‘.xperieiiee passes through the 
hands of thousands of ])raetilioiiers, each with too 
small a sample to be statistically significant, and is, 
therefore, wasted from a seieiitilic* standptiint. llalf- 
veritif'd theories run riot as medical fashions, to 
pt'ler out gradually in disillusioniiieiil. If the scat- 
tered cases were all centralised through apj)ropriate- 
ly drawn ease histories, framed by a more scientific 
ally trained profession, individual idiosyncrasy 
would cancel out. and mass stTiitinv would bring the 
theories to a critical statistical issue of verification or 
refutation in a few months. This would la- to the 
advantagt- of all soeiely, and aehieve an even greater 
Iwam ill suggesting new points for central research. 

suggestion has bei-n made for an inventions 
clearing house, lo ‘co-operate the seieiititie, social and 
industrial phases of Invention, and to reduce the lag 
belwe«*n invention and H)))>1ieHl ion* managed by a 
eommillee of seieiilisls and a eominitte(‘ of industrial- 
ists and bankers. Tbe pnqnisal came lo me from 
New York, but London was lo be tbe borne of tbe 
organisation, wbieli was to aflo))t a code of etbies in 
tbe interests of inventors, industry and itocittl proffress. 
This brings me to my third e.vainple, tbe fiedd of 
elliies, wliieb needs Hie toil of new tliougbt. The 
systems of to-day. evolving over lw<i thousand years, 
are rooted in individualism and the relations between 
individuals. Hut tin* relations of society to-day are 
not predominantly individual, for it is permeated 
li'iroiigb and lliroiigli with eor}iorate relations of every 
kind. Faeb of these works over some delegated area 
of the individual's ehoii-e of action, and (-volvos a 
separate rode for the appropriate ndationslii]). The 
assiimplicm that ethical quest i<iii.s an* deeitled by pro- 
cesses wbieb engage the iiidiviilual's whole ethical 
personality is no liingiT even n-molely true. Tlie 
joint stock company may do something, or refrain 
from doing something, on behalf of its shareholders, 
which is a limited field of ethics, and may hut faintly 
resemhh' what they would individually do with all 
ether eonsiderntions added to their financial interests, 
'riu: wluile body of elliies ne«*ds to be reworked in tbe 
liglil of modern corporate relations, from Church and 
company, to cadet corps and the League of Nations. 

In no ease need we glorify change: but true rest 
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iiitiy 1 h‘ only iticnlly coni rolled mot ion. 'I'lu* inodorn 
|)o»*l SHV.s: 

"riic rridirss t*yrlr of idea and arlion, 

Kndirss invfiilion, i‘ndl('.ss cxprriinrnt, 

MriiijiC-s kiio\vlrd;jfr of niolion, but not of 
si illnt-ss.’ 

lint so lon^ as wo art* to liavr (‘lian^o and it sroiiis 
iiiovitahio- Irl us mastrr it. T. S. Kliot ^o<*.s on: 

‘Wlu’iT is I hr wisdom wr liavr h>sl in 
kiiowlrd^r ? 

Wlirrr is tiu* knowlrd|i:r wi' iiavt* lost in 
information ?' 


My prcdecrssor.s liavv .spoken of the shortcomings 
of the active world — to me tliey arc hut the fallings 
short of science. U’hcrever we look we discover 
that if we are to avoid trouble we must take trouble 
— scicntiiic Iroubh*. 'riic duality which puls science 
and man’s other activity in contrasted categories with 
disharmony to be ri'solvc'd, gaps to be bridgeil^ is 
unreal. We are simply lu'holding cvcr-cxtciiding 
seieiiec l4)o rt)Ugh round the edgt's as it grows. 

What we have learnt coneerning the proper im- 
part of seienee upon soei*-ty in the |)asl century is 
triHing, compared with what we have yet to dise4»V4-r 
and a))ply. We have spent iiiucii and long upon the 
seienee 4)f matter, and the gn*atcr our success the 
greater must be our failure, unless we turn also at 
long last to an (‘(pial advance in the st'ience of man. 


SCIENCE & 
CULTURE 


21 ^ 



Research Notes 


Discovery of Antiquities in the District of 
Dinajpur in Bengal 

III a vory inlorosliiijr cnniiiiuiiiratioii (Jnuntnl 
of I he linijol Asifilir Sotiettj of liemiof L(*tt«*rs, 
2, liKJH) Mr. Sarasi Kiiiiiiir S.ujiswati piilili^lics 
tlip report of liis toiirtli aiviiarolo^ical tour in the 
ilistriet of Dinajpur. lie is tIuHirst seiiolar to dis- 
<*ov(*r iiiterestinji; images in the [ilaees ealhul Itah.ir. 
Ilhadrasila, Haiikiir, Sonapiir, Vo^ipara, Uai^iin$raon, 
Shadea, Dliiilohar \vhi(‘h an* the sites of the aiieient 
eiti(*s. Tin* iliseovered iina;£es n‘pres(*nt Y'ojjjasana 
Vishnu, (laiiyjss Silpya, lt(‘vanta, liuildlia. There is 
oii(‘ speeiiiieii wlii(‘h is iinidentifl(‘d (plati* .‘i, !>). 

'riii'se iuia}j;es lu'loujj; to the l*‘da and Sena a^«*s. In 
the eoneliision the author has rijjhtly <»liserved, “From 
the for<'j»:<»inj»: pay:es it is apparent th.it the area tra- 
versisl diirinjjj llie short tri|) was onec* full of aneieiit 
and prosperous settlements a<lorued with iiiipo>iii^ 

palaces, beautiful tiunples and lar^re tanks 

The H'lies that lie above j^roinnl fully deiiauistrate 
lii(f aiitictuity and iinportaiiee of the ditlereiit sites, 
whieli, if pro|)erly explored and e\<*avated,are expect- 
ed to vii'ld valuable and interest ine; results for the 
history of this i»art of the eoinitry, and, it may be, 
I'veii for the history of li(*iij£al.” 

(\ (\ hits frOffto. 

On the Rock Paintings of the Mahadeo Hills 

fjovers of Indian |iaiiitin^ will remain thankful 
to Major I). II. (Jordon. \). s. o., for his very impor- 
laut. eonnnunieation entitled “'The roek tiaintin^s id 
the Mahadeo Hills.’' {fiit/iotf Arts urn! Leftvrs 
•Tj-II, IIKIO). The Mahadeo Mills are situated in 
(diindwara districts in (^•ntraI Provinces. Aeeonl- 
iny: to the author’s opinion this hill atVords shelter 
for dwidliiig b(H^aus«^ ‘*w(*ath(*rinj; has shaped the 
soft sandstone elilVs, scooping them out to form an 
overhanging roof as a pn)teetion from tlie rain. 
The.se .shelters are located in places called •laiiibn 


Dwip nullah, .Monte Hosa, Dorothy Deef), Marodeo, 
Hori, '^ramia. Son Ifli.-idra, >lhalai, .Vdamgarh. In 
thi‘'se slieltei's there are the roek paintings which 
form the subjeet-m.itter of the pre.seiit article. 
Dr. (J. U. Hunter was the first scholar to giv<* a 
lecture on these paintings before the ( ’oiigre.ss of 
Pre-and Proto-liistorie Sciences in llkf'J. .Veeording 
to the opinion of .Major (Jordon these paintings 
might he divided into live chronological groups on 
the evidi‘uee furnished by style and tc'eliniijue. ’fhe 
first four groups might e.ich be subdivided into 
(‘arly and lati*. It should be noted that for the 
t‘hronologie:d arrangement the .aiitlior h:is accepted 
the hypothesis tii.at tin* paintings which are more 
natnr:disti<> are earlier. 

“'flic first series is characteri/ed by its sfyli/.ed 
leidmiqiie.*’ 'I'he early first series is mainly charac- 
teri/.ed by the diagrammatic ligiires, and is drawn 
ill dark n'd and cnaiin. ’I'he late first serievs is 
characteri/ed by the convention fiu* indicating the 
ariiiMiiation of the liinlw. 

“\Vitli the change to the second s(‘rii*s we have 
.‘111 aiirupt alteration of style, only two figures show- 
ing a possible link.” The chief chara(*ti*ristii*s of 
this series arc bad drawing aiul anatomi(*a 1 exaggera- 
tion. In the early second si-ries the ligiires have 
blobs for lieatls :ind weavy bands for limbs. In the 
late s(‘cond series there are atli'iiipts :it narrative 
grouping. 

“With the developnamt of the third series a great 
change conii's over the iiaintings ; mie notices a rapid 
priigri'ss of artistic aiiility, :in :dl-ronnd improvenirmt 
only marred by oi'easinual ineptitude.” In this .series 
we lind many paintings depict ing tin* .social life. In 
the early third s«*ries we lind the ligiires paint(‘d in 
dark red and pink with the oc<*asioiiaI ones in white. 
In tin* lati‘ third series the ligiires are in white with 
a very lew in pink. 

In the early fourth .series we lind the white figures 
with reil outline. ’^Fhe late fourth .series r(‘tains the 
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whitf* fiiriircs wiHi ii hmI oiitliiw*. lint tlioso fitjnros 
arc* ilNdrawn. 

Tin* fifth scries consists of a few ba<lly drawn 
tiji^iires of elephant and s'lnihhiir painted in ^n'enish 
yellf»w o<*hre. 

Rejrardiiijijtlie age of these rock paintings tlie author 
fihserves, “A lowest limit of roughly the tenth <‘en- 
tiiry may, we feel, he provisionally a<*<*ej)ted, and we 
do not consider that, at tin' ontsi<le, the developmcMit 
of this art from the (‘arly first scu’ies could hav<‘ 
occupied a perio<l of luon* than loOt) years.” 

/>(ts (htpftt. 

On Folk Arts of Bengal 

In a very interesting communication entitled 
“The living tratlilions of the folk arts in liengal” 
(Tiidimi Arts ntt-ff fjfittrrs, [0, llKltJ) Mr. 

(r. S. Diitta, i.e.s., has most enthusiastically dealt 
with the folk arts f)f Ihaigal. In some sense Dr. 
Ahanindra Xath 'fagore was tin* first scholar who 
gave a great im|)etiis to the researches in folk arts 
(>f Bengal hy pnhlishiiig tin* fascinating work // 
Alptwti, nti Irs titu'onitiinis rif unites an Itnagatn in 
11121. It is regrettable that though s<iine .scholars 
have piiblislnsl interesting jiapers on this subject 
affiT 11)21, yet nobody, as it should have been, 
has taken up the study of this highly interesting 
folk art of Ik'ngal as his life’s work. .Mr. Dutt has 
followed the cNaiiiple set by Dr. Tagore and has 
already done a gojxl deal of n*search work on the 
folk arts of Bengal (Joaraal of the. Imtiaa Soninty 
of (irinntat Art, /, lS-2o, ll).*!.'!; Moitvra Unrietr, 

of, r>ll)-21), Il):i2; //W, -I l-o2. Il):i2 ; ////>/, A.*!, 
020-21), 11))12). First, he refers to the />*o//, Klrtaa, 
Urata, JItaiaar, Itfiitteshc^ ni/fUi and /\>ttff/ dances 
of Bengal. In the decorative floor <h*sign there is 
always an attempt t<i have the .synthesis of various 
patterns and designs. Tin* same is also the ea.si* with 
tin? dectu’ative wall design. In pottery ))ainting also 
the villageis show great skill in form ainl df*sign. 
The motifs are generally taken fnmi nature and 
religious subjects. In cottage ar<*hiteetnre. also the 
villagers of Bengal (*xcel so far as patt(*rns and 
designs are concerned. The vilh'igers of B(?iigul also 
tsike great delight in wood carving. The author 


ha. *< illii.strat(*d one exaniph* of wood cairving which 
represents Durg» in the middle, Lakshmi and Kj*rt- 
tikeya on her right side and Sarasvati and Gane.sa 
on her left side (fig. 4). ft is an excellent work of 
this art, there being a pleasing plastic unity in the 
whole composition, l/istly, he deals with the art of 
rural painting. Aci'ording to him the rural painting 
is of two classes, r/\, .secular and ritualistic, fn this 
(*oniie<*tion he has n*f(*rr<*d to tin* decorative paifit- 
ings on the* ceremr)nial f,’at'ts or winnowing trays 
and the puZ-painting or the .scroll-painting. Ke has 
has rightly observe«l that the essential features of 
the p///-painting of B(*ng:d “are an extreme bohlnes.s 
of line and I'oloiir and an inherent g(*niu.s for design, 
the subject-matter of th<* picture being fu.sed into 
the* sfriictiire of the pictorial work and tlms achi(*v- 
ing a rem.'irkable combination of the b(*.st (pialities 
i»f ab.xtract and naturalistic art.” 

(\ ('. Das iiapta. 

Ascorbic Acid in Blood Serum & Plasma 

The usii.al mcthrxl of (vstiiii'ition of vitamin (' in 
tissues and food mat(‘rials ha<l be<‘n (1) extraction of 
the substance with tricldoroac(*tie acid (2) titration 
of tin* trichloroacetb* extract against tlic* stand. ird 
'rilhnaiis reagent. The triehloroac(*tit* acid solution 
di.s.solves the vitamin, but pn'cipitates the protein, 
ef<*., the presence of which might int(‘rfcrc with (*nd 
point in titration. But it is well known th.it trichlo- 
roacetic aci<l^ itself reduces the indicator. So in 
estimation c)f a.scorbi.* acid content of blood plasma 
siuliiim-tungstatt* and sulphuric acid were used 
in.stead of trichlonxicelic acid by Farmer and .Vbt. 
'riiis iiK'thod with slight iiKMlificatioii has b<*cFi iiti- 
lizf*d by Tayloi*, (.’ha.s(* and Faulkner (Diorhcai »/., 

1 1 1!), It)ll(i) for determination of ascorbic acid 
in blood serum. 

Two c. c. of fresh blootl .serum is put into a fifty 
c. c. centrifugF* tube with 14 c. e. water and 2 c. «*. 

Xa-tiingstatc, 2 c. c. N/.‘l IfjSOi arc then added 
and the wlioh? thing mixed together and centrifuged 
fi>r ten minutes. Tin? ])pt. .settles down and the 
supernatant liquid i.s decanted into a flask, O..o c. e. 

gl. acetic acid added and k(»pt in a dark place in a 
stopiiered flask. The ppt. is then rodissolvcd in 
2 c. c. % Na- tungstate, watt*r added up to 14 c. c. 
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and th«Mi 2 c. c. N/3 il 2 S 04 again addod to proripi- 
tate the protein, eentrifiiged and the supernatant liqu- 
id eontaining the ascorbic acid do(*anted. This is re- 
peated 4 times, all the washings mixed up and finally 
titrated against the usual standard Tillmans reagent. 
By this process a very good agreement has been found 
between the ascorbic acid values nf serum and plasma. 
The method is a simple and reliable pnu'cdure for 
the estimation of the level of ascorbi<; acid in blood 
serum or plasma, and as such it offers a useful tool 
for the study of the effects of diet and disease u|M»n 
the metabolism of vitamin C. The authors h:ive 
reproduced two typical curve's illustrating the tran- 
sient rise in the blocnl level (»f reduced ascorbic acid 
following oral and intravenous administration of pure 
ascorbic acid in a normal subjc'ct and in a case of 
clinical scurvy. 

//. y. Ihtierjer, 

B. B. Ray’s Partial Absorption of X-Rays and the 
Structure of the Compton Band 

Tn 1930 Prof. B. B. Ray of Calcutta found that 
when monochromatic X-rays are passed through 
carbon, nitrogen and oxygen new lines make their 
appearance on the long wave-length side of the trans- 
mitted beam and are separated from it by a distance 
corresponding to the energy of the K electrons of the 
elements in qucstioii. The explanation preferred by 
him was that in the intcractiiMi between a quaiitinn 
and a K eh'ctron the former loses a i)art of its 
cnei^y and an csiiiivalciit part of its inoincntiim 
during its passage tliroiigli the inedimii, and that the 
elocftron is raised from om* level to another f»r re- 
moved c'ompletely from the atom. The reiiiaining 
energy is tlieii propagated with a new momciitiim in 
the original direction as a wave of lower frequency. 

The observation of the phenomenon, called by the 
author “a partial absorption of X-rays”, though 
verified b}' some, eoidd not, however, be coiifirmetl by 
others, and hitherto remained unexplained. 

In a recent issue of the Physical llccieiv (oO, 38, 
1936), Sommerfeld has drawn attention to several 
facts connected with the structure of the Compton 
band, which inc'ideiitally <*()iit:tiii a possible explana- 
tion of the observations of Ray. The Compton 
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radiation from bound cicetrons (Muisists of a contimi- 
ons band, tht^ structure? of which has hee»n calcula- 
ted by many on different assiimi)tions. The point to 
whieh Sommerfeld draws attention is that such a 
band will have a definite limit on the short wave 
side, /.c. towards the iiiiiiu)dified Rayleigh line, the 
position of which corresponds to a /<*ro viihic for the 
kinetic energy of the recoil ch'ctron, and is a fiiiictioii 
of the angle of scattering. (Calculations for hydro- 
gen show that at a scattering angle 0 - 13j® and fi>r 
^‘■ 1.0 A, the limit cuts tiic eVanpion band precisely 
in its centre, and for values of 0 nearly 0 the (.Comptoii 
hand will be* cut on the other side of its cicntre and 
the remaining fiart may, in extreme cases, be very 
small. 

Th(? “very weak, liroad, diffuse line? on the long 
wave-length side of the i)rimary line which appeared 
to have a more or less definite cilge on its short-wave 
side” as obst‘i*vc*d by Ray reiiiiiids one of the above* 
structure of the tail of the (^)mplori band to be 
observed at very small angles of seafteriiig. In the 
ease of i*arl>on or the other (‘lena*nts studied, this 
rc'sidiic would correspond to the* K ('lectrons, and tlwj 
limit to the K limit. The L e'lcclrons, being nineh 
less firmly bound, would <*ontril>tit.(* only te> the eeii- 
tral part of the Coiiiploii band, whieh, in turn, is eiit 
off Ir* the limit. This coincides with Ray’s observa- 
tions that the lines wen* sf*parat(*d from the primary 
one by the energy eoiTespoiuling to the R electrons. 

Jii view of the fact that the combined Rayleigh 
and nuxlified scatt(*riiig is equal in int(‘nsity to the 
classical Thoiiison scattering, th<* (nu'stion comes in : 
‘What becomes of the ('oiiiptoii band thus suppressed*? 
Sommerfeld answers it by saying that the energy 
goes into what may be called the ‘X-ray Raman 
Speetnim^ which corn'spoiids to transitions of the 
reac'ting electron to <liseretc outer levels, so that 
instead of a recoil (‘Ici-ti’oii making its ;q)p(.*a ranee, 
the atf>m is left in an exeib'd state with the electron 
bound to it. This Raman Speelriim lies within the 
Rayleigh line and the limit of tin* Compton hand. 
Now that attention has been drawn to the i>ossihlc 
existenei* of such spectra and the place where to look 
for it, it may not be long before their d etention is 
reported. 

1), P. llay-i'hnmihunj. 

Vol U. No. 4 

OCTOBER 19M 



RESEARCH NOTES 

Hormones and Evolution 

FiOnjr bot'cm* Bayliss had pstahlislird tlio thor>iy 
of tho honiifiiios and “some ton yoars b(*foro the pnbli- 
oation of Darwin Oright of Speriea^ an fxporimon- 
talist tuiniod Borthnld (»xi)f>ftod for I ho first tiiiu* a 
Hpoc'ihe honiioiia) inoohaiiisin, by showing; that an 
internal soorotion of tho tost os is rf'sponsiblo for 
tho devolopinont f»f sooondary sexual oharaotoi’s 
in birds’^ said Dr. /uokornian (Mnn^ Aiijjiist, 
ill course of a lecture <lolivorod Ixdoro th^* Bf»yal 
Aiithropoloj'ical Jnstituto. F)ondy in lOJ I sujjrgostod 
that chanjfcs in th<' oiidocriiio >ys<cm nii^lit b<i 
responsible not only for th<j individual but als<» for 
nicini <*hanu*tors. Sir Arthur Keith has also ad- 
vanced tho same view in a larjje iiuniber of papiu's 
and in 1022 ho clearly brouy;ht out th<* exa<*f sijfiiifi- 
cance of the hormones in relathui to tin* evi»lutioii- 
ary problem. TTo snugestod fhat the physical 
difforoncos between Nefjroes, Monj^ols, and Kur<»- 
peans are due to the ditterences in fhoir respective* 
cndocritu* systems. This coneliision has vory recenfly 
been elaborated by J, li. Man*tt'. 

In the course of his hectares Dr. Ziickcrmaii 
examined the followiii}; throe essential prunts : 

“(o) What sij;nificanc(* is t<i be attach(*d in evolu- 
tionary diseiisslon to the view that the endocrine 
system is responsible for physi(;al and psycholoj^ical 
characU'ristics ? 

(b) What value is to be attached tf» Boikos 
view of the endocrine mechanism throu;^h which 
man has become a foetal ized primate ? 

(r) Does the so-called horiuoiio thc»»ry of evolu- 
tion in fact reveal some novel evolutionary inechaiiisin. 
or does it merely push the iiiain problem one step 
farther back by insinuating: hormones between the 
known processes concerned in (*volutioiiary i-hango 
and the structures whose evolution it is the busi- 
luiss of physical anthropologists’to consider?” 

(ff). The experimental study of embryology has 
shown that the develojunental pro<’esses are <‘oiitrollcd 
by "organizing’ substances which determine the tleve- 
lopment of the young embryo and the.se organizers 
arc known to b(* (‘Jumiical substances. These; chemical 

1. Marett's book has been reviewed by Dr. B. S. Guha in 
the last issue of this Journal. 


**vocators pr(*suniably act by ditliision through the 
tissues and tlui.s they do not agree with the classi- 
eal definition of a hormone. These organizing subs- 
tanees and hormones, of course, belong to a .single 
chi.ss i»f .substances eoneerned with the clu’inical 
regulation of form and fnnetion. Nothing is known 
of the individual differenecs in tin* endocrine control 
t»f einbryogeiiesis and the simple admission of a 
honiional eontrnl of development does not explain 
the individual differences and the varioii.s racial type.s. 
I^hysieal ami p.syehological characters are depen- 
dent on a hoard of other fac,tf)rs ai)art from the 
hormone.s. There are not the sliglite.st direct experi- 
nn*nt4il evidences in support f)f the theory of the 
distinctive types of endoerine bahiiiec in dilferent 
individuals and diifer(*nt racial types. 

lb). Bolk’s view.s of the foetal i/ntioii of man, the 
proee.ss through wliieh, he is of opinion, man is 
ditferentiat(‘d from fhe primates, also lack in 
pmper definition. Bolk postnIat<*s a general proee.ss 
of slowing (h>wn in (‘iiibryogeny, as well as a pro- 
<*e.ss f»f iieototiy, whereby general foetal eharaeters 
which are everhiid as d(*veIopnient proeec'ds in other 
primates become* part of the mature humati form. 
He also insists on fhe manner of the e,volutioii of tin* 
human form and not human phylogeiiy but his theory 
call only be evaluated against an aec<jpb‘ble phy- 
logeny. Further, if man is a foetalized primate in 
re.speet of the chimpanzee and if human and ehim- 
paii/.eo’s evolutions arc* independent prt>e(*ss(*s, then 
the mattc*r of foetalization will be of litth; inteivst. It 
has yet to lx* found out wlu*ther or not th(*re has 
be<*n an orderly pnx'ess of foetalization, as Bolk 
.say.s, in the coiirs(» of primate evolution or it is a gen- 
(*ral primate* pi>t(»ntiality which has beefxne exprc*s.se(I 
in man wnhoiit any maiiife.station in other orders 
e»f inainmals. Bolk e.xplaiiied the* pro(*('ss of retar- 
elatiem of hiinian deve*h»pment (length of intra-nter- 
iiH* life*, times of tooth c?ruption, onset of puberty) 
and foetalization by hormonal mceliaiiisms, but none* 
can ac<*f*pt his view c)n the pineal gland elaborat- 
ing a .secretion to slow down the whole* dev(^h>p- 
ineiital process, (irowth processes are, of coiii*se, 
influenec*d by hormonal ineeliaiiisiu but tho detiiLls 
of their inter-relations have only been superficially 
f*xphiin(‘d. 

(<?). Even though we can not gra^p the course 
fo focbilization by which it is said, human characr 
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(eristics have evolved and {growth processes are con- 
trolled by an endocrine ineclianisin i( is assumed 
that hiiinan evolution has proeec^ded by a series of 
changes in the hiiinan endocrine complex. “This 
conclusion is hardly as startling as certain aii(lioi*s 
have* pretended” writes Dr. Ziickennan. Tin* en- 
docrine system, in i(s widest pi»ssible sense, is a ine- 
dinm through whicli (‘vohitiimary changes are. expressed 
and it is no less g(?neti<'ally determined than is every 
other character. >Ve have no knowledge of any 
eireet of it, how(?ver sensitiw* it be to environ- 
mental stimulation bein^ transmitted to the .siiccccmI- 
infj geiienition. In fact, (here is no authority to 
assume that evolutionary cliantjes in the endocrine 


com])iex has been ellected in any way except by 
v;ime mutation. 

The hormones play an inipoilant part in the 
shapin«>; of lintnaii characteristics and in the. control 
of iiiitojrciictic processes in evolution. Tlnrse have 
no iM'arinjx on tin* coni’se of Immaii evolution. 
Hormones are only rate a:^pect of the develo]nnent.al 
processes and the available facts of endocrinology 
arc not sutllcicnt (‘iiongli to interpret tin* make up of 
(he various racial typi‘s. \Vc mnst not forget that 
the* tissues of the organism are not entirely plastic 
and at the mercy of .•my hm'moiie and the question of 
ti.'^siic .spf‘(*itici(y remains to be a more significant 
problem. 

*s'. S. iinrkar. 


In the last issne <»f this doiMiNAl. /cW after the la.'-t line of thi* first column i»f p. l(i‘2 
It coiil.'iiiied two — OCH, gri>ups. When llic aciil” 
etc. as in the first line of tin* .second cohmm. 

Ueg-.irding his letter pnblisheil on p. l.i»| ot the las! is^ne ul the dorUNAi^ Mr. S. 8. 
Sarkar informs ns that “the Oraons are not tapeino<?e]»halie hut are acro(rephali<* like tin* 
Malers and their face is le]i(oprosopie and not niesopi‘osf»pie. ^ 
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University and Academy News 


Indian Physical Society 

An ordiiiMiy nii'ctin}' c»l‘ tin* Iiulian Physical 
Society was held on !>tli Septenilior, 10.‘i6, in the 
Applied Physics Seminar, l’niv(*rsity College of 
S<*ionee, \)2 Tpper Cirenlar Hoad, ("alontta. 

The following gentlemen were (‘leeted to Fellow- 
ship of the Society : — 

1. Prof. S. Bose, 1 1 (‘ad of the Department of 

Physics, Dacca T’niversity. 

2. Mr. B. X. Sinha, Depart.mcnt -of Physics, 

Benares Hindu University. 

.*{. Mr. X. Misni, IVofessor of Physics, Ravenshaw 
( V)llen(*, Cuttack. 

4. Mr. P. X. S(‘n (inpia. Department of Physics, 

.Vshiitosh Collej^e, Calcutta. 

o. Mr. T. K. D(*olalkar, Head of the Department 
of Physi(‘s, Karniitak College, Dharwar. 

(i. Mr. R. X, Bar.iV(», Professor of Physics, Fer- 

}£Usson (V>IIe} 5 e, Poona. 

7. Mr. M. Sen Gupta, Professor cd Klectrical 

hai^ineerinti:, Bengal Fii^iiKHTin^ CVillege, 
Ilowrali. 

5. Mr. S. P. (Iiakravarti, Lecturer in Applied 

I^hysic.s, (.'aleiitta University. 

9. Mr. ,\. N. Banerjee, Professor of Physics, 
Bipon Colh'gc*, Cale\itta. 

10. Mr. A. U. (fhosh, Ghosh Ijaboratory of 

Physics, (J’aleiitta ( biivei'sity. 

11. Mr. .1. X. Bhar, Ghosh Laboratory of Physics, 

('alcnlta ITniversity. 

12. Mr. S. U. Das, Khaira Ijaboratory of Physics, 

Cahaitta University. 

13. Mr. S. B. Chaiidhuri, Khaira Laboratoiy of 
Physics, ('alcutta University. 

The following papers were read and discussed : — 

(i) On the Linearity of the Lorentz Transforma- 
tion, By Mr. B. C. Makherjee. 


(ii) X-ray Studies on Electro-deposited Silver, 
By Mr. Hussain, Patna. 

(iii) (^n a proposed form of the Principle of 
lOqiiivalence and D<‘diiction of lioreiitz Transfor- 
mation, By Prof. N. B. Sen, (^deutta. 

(iv) Ultraviolet Absorption spectra of Pr'^'*"^ 
and Nd'*"^'*'Ions in Solution, By Mr. P. C. Mukherjee. 

(v) Dissociative Eciuilibrium and Pair Genera- 
tion, By Mr. dnikissen, Lahore. 

(vi) On the Wing ae(‘ompaiiying the liiiyleigh 
Line in Litjiiid Mixtures. Part I, By Dr. S. C. Sircar 
and Mr. B. K. Mukherjee. 

(vii) On th(‘ Ultraviolet Abs(»rption Spectra of 
the Paramagnetic salts in solution and the nature of 
chemical Ijinkage in them. By Mr. iS. Datta and 
Mr. M. Deb. 

Royal Asiatic Society of Bengal 

An ordinary monthly m(*(‘ting of the Royal Asia- 
tic Soci(*ty of Bengal was hdd on Monday, the 7fh 
September, 1930, at 5-30 p. m. 

The following candidates were ballot(‘d for as 
01 x 1 i nary members : 

(1) Singh Roy, 1 he I lon'blc Sir Bijay Prasad, 
Kt, Minist(‘r, Government of Bengal. 

(2) Siiigha, (Jadimath, M. A.. IMI. D., PixMiiehand 
Roychaiid Scholar, Prof(*ssor of l*hilosophy, ^^cerut 
(/ollog(.‘, Me(*riit. 

(3) Ram, Daiilat, .Vceonntant, Military Secix;- 
ta^y^s Offi<;e, l^itiala. 

(4) Bagchi, Kumar Nath, Rai Bahadur, ii. sc., 
M. «. (Cal.), D. T. M. (Cal. & J/i)ool), F. 1. c. H^nd.), 
Cliemical Examiner to the Government of Bengal. 
M(‘dical College, Calcuttii. 

(5) Williams, N. T. , Calcutta. 

The National Academy of Sciences, India 

The ordinary monthly meeting of the National 
Academy of Sciences, India, was hold in the Physics 
Lecture Theatre, Muir College Buildings, Allahabad, 
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Oil the 15th of September, 1036, at 4 p. ni., with Prof. 
N. R. Dhar, President of the National Academy, in 
the chair. 

The rmporial Coniioil of Atfriciiltiirnl Research, 
Simla, has given as a grant to the National Academy 
of Sciences, India, the sum of Its. 500/- per aniinin 
for three years for expenditure on publication of 
scientific work. 

The following papers were read and discussed : — 

1. Rinayendra Nath Sen, Rnrdwan (Bengal): On 
the Direct Formation of Iodides and the 
Distance of the Closest apiiroach of Atoms 
of Iodine. 

(2) R. K. Shastry, Benares: Theorems Cimnecting 
different classes of Self-reciprocal Functions. 

(.3) Ram Behari, Delhi : Curved Asympt^»tic Lines 
of rilled Surfaces. 

The following were elected meinbers of the 
National Academy of Sciences, India, : — 

1. Mr. Birendra. Xiiinar Bhatnagar, Allahabad. 

2. Mr. Hrishikesha Trivedi, Physics Departnient, 

Lucknow University, Lucknow. 

Indian Chemical Society 

The third ordinary ineeting of the Indian 
Chemical Sociiity was held on Friday, the 28th of 
August., 1936, at 5 p. m. in the Chemistry Lecture 
Theatre, University College of Science, 92, I^pper 
Circular Road, (y^ilciitta. Profess<»r Dr. B. B. Dcy 
was in the chair. 


1. The following genthMiien were admitted as 
Fellows, tluMi* subscription having l)i*en received for 
the first time : 

Ct. P. Pendse, Ksij., M. Sc. ((Iwiilior); Dr. Sii- 
rendra Nath Ray, M. Sc., Ph. I). (C^ilciitta); 
Kalipatnapii Kondaiah Fstj., M, Sc. ( Benares) ; 
S. Rajii Fsi|., M. Se. (Benaros); Pr«>f. Satyen- 
dra Nath Bose, M. A. (Dacca'; Dr. Lavji 
Thoria ; Dr. Ing. (Bombay); .\kiindi dogarao, 
Af. Sc. (Benares); Sarjii IVasad his(|. AI. 
A., AI. Se. (BcMiares); C. It. Phansalkar, Fs<i., 
AI. Se. (Benares); Dhirendra Nath Alajumder, 
Fs<|., Al. Se., r. I. Se. (Benares). 

2. The folhiwing gentleiiien were chicted as 
Fellows by balhit. Dr. K. N, Bagchi and Dr. P. C. 
Alitter acting as scrutators : 

Gyancndra Nath Banei-jee Ksti , (Bombay); 
.Mahadeo (Jaiiesh Kale Kst,., AI. .\. (Bombay); 
Nirriialendii \:i(h Riiy, Ksij., AI. Se. (Rijahahi) 
Nadiabehari .Vdhikari Iwj., M. Se. (('Calcutta); 
II. Ramaswaniy Iyengar Fsi|. (Mysf)re); S. 
Venkata Ran, I^sq., .M. Se. (Bangalore) ; Dr, K. 
S. Nargiiiid, .M. Se., Ph. D. (.Vhmedabad); P. 
D. Swami, Fsq., B.Sc. Vishanid, (Benares) ; Dr. 
Piilin B(>hari Sarkar, D. S<*. (f^ilcutta) ; Barada- 
nanda ('‘hatterjee Ksc|. M. Sc. ((^ihaitta); Nara- 
yan C'handra S(*ii (iiipta Ks«|. (C^dciitta). 

3. Prof. Dr. 4. (A Ghosh delivered the lecture 
on “Reeent work on tlu* O.vidation-reduetion Poten- 
tial of Systems f»f Biological interest”. Dr. B. B. 
Dey, Dr. B. C. Guha, and Dr. .1. N. Mukherjeej oined 
in the discussion. 
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Book Review 


Zoology for Intermedidtt Students Ihj Visit mi 
Xif/lt, M.Sr. iJ^iitj), rh.l). (VniiltihK /*’./?. J/.N., riK 
///H//A7+A f // trtfh tntr cftltiiirci! phtle iiiiil iSt 
text -fit Hires, filar ( liaiiil Kapur d’ Stats, Laltare. 

am. 

Tin* pnpnl.'irity nl* /oolojry :is a siib- 

i<*ct ill tin* iiiiiv(‘rsi(y (•iin‘irii]iiiii lia^ <‘all<‘(l I’ortli 
this t(‘.\t-bo«»k fnr tin* IntoriiHHliah* stndciits. Dr. 
Vishwa Nath is an cxpi'i’inicTd (carlirr and a skil- 
ful roscarchcr in i-ytolni'y. Ho has I’nllnwod tho “'typo 
systoiii” and has irivon a roas<»nably ado<|nal<' ao- 
ooimt i»f tho typos inoludod in tho ln(onnodiat(‘ sylla- 
bus of Indian nnivorsitios i . r. Aameha, I^araiinir- 
eiaai, tin* malarial parasit<‘, lltjilra, Ohelia, l*tierr- 
tima, tho onoknia<‘h, tho IVojr jind rabbit. Hut tho 
ohaptors doalin^ with <*ytnh)^y, (*volnli<»n and j^ono- 
tios aro partioiilarly full and woll done and thoso, as 
ho says hiinsolf, ''should make* tho book usoful to tho 
H. So. siudoiits as woll.’’ Thoro is a <*haptor on tho 
prinoiplos of olassitioation ami aiiothor on a jrmioral 
siirvoy of tho animal kin^ilom at tin' ond of tho 
book ; thoso will, no doubt, adil to tho iisofulnoss of 
th(‘ book for tho boj^innors. A ^ood foaturo of tho 
book is a larjro numbor of siinplo diagrams whi<*h oaii 
bo oasily undorstood by tho olonuMitary studoiits. 

Tho book is oloarly writtoii and well illustratod 
and should find an o\t(‘iisivo nso in Intormodiato 
oolloji;<*s. loir tin* noxt oditinii. wliioli w<' hoi»o will 
bo oallod for boforo lonjr, wo would sujr^ost a bott»*r 
([iinlity of |)a|K*r .and :i bottor typo. 

A'. A', ttaht. 

Intermediate Botany— 7;^ A. F. Urinihle. 
J02 pp. »jV?r figs. Maetmitaa ff* ('o., Lutidov\. Price. 
Ss. Gd. 193H. 


This is an olomentary troatisi* on Hotany that is 
dosi^iuMl to lit tho lli^hor Solnn»l (Vriificato and 
Intormodiato oxaininations. It rosouiblos its predo- 
oossor, Frerijtlfiij Ihtaiiip in mothod of prosonta- 
tion and y;i‘n(‘ral aptu^araiioi*. Tho stylo is oloar and 
simpio and toohnioal tonus aro kopt at a minimum. 
Tho arniniromont of tho toxt is logical and thcro is 
.‘III :ido(|iiato indox at tho oml. As immtiouod in tho 
profaoo, tho author has writton tho book with tho 
aim that it m:iy holi) “not only tho jjonoral, soionti- 
fwally intorostod r(‘ador, but also stndonts, to tako an 
aotivo intorost in tho subjirl, rathor than troat it 
nioroly as a dull and porhaps ovoii usedoss, stilo to 
«*ross towards aoad(*mii‘ distinction”. In tho opinion 
of tho rovi<‘W(‘r Mr. Hriinbh* has ai‘coniplish(‘d his 
t;isk with •rn*:il siioooss. ( *onsidc‘rablo information 
of human int.<*rost has boon assoniblod in thoso pagos. 
To immtioii oidy :i low, tho harvostinjj; ol cork, tho 
cultivation of mushrooms, tin? formation ot coal, 
modi<‘in:il plants, vitamins, }j;raflin^, buddintJ:, all tind 
thoir propr*r plaoo. Ho(*ont work has not bi.*on 
ijjnorcil. .Many small rid’oriMiccs such as thosi* about 
“mummy wheat” and ( 'ol. liindbi-r^rh’s .\ retie Jlij^ht 
of HK.ll atid charm and intorost to tho toxt and hold 
tho n*ador’s int<*rost. 

Wo have hero a wolconio doparturo from tho 
usual stylo of text book writinjr. and if Hotany is 
to bo taiiyiht on thoM* linos, wo can hope to have 
rows of >niilin«^ faces in our Iccturo rooms in placi* 
of tho dull and drowsy ones w(? often see. Mr. Hrim- 
blo’s may bo thorou'jjhly rccomniLMided as a reliable 
text-book. 

P. Muhjcahicari. 
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T\\\ 7^bnoriiuil Bcluiviour of ^oini* of The riowcrs 
of Tciinariiulus Iiulico, Linn. 

INTRODUCTION 

While fixing up the (lowers of Tnmariiidna indir-a 
Ijnn. (coiiiinon taiiir'irind plant) for stiulyinK the r«*pi€i- 
•luctive phases, at the Hotaiiy L.-ilioratory, Calcutta Uiiiver- 
sily, sometime back, I came across some abtiortiial (lowers 
as shown in the iicconi])anying figures. 

The (lower of T. indira coiisi.sts of two yelh>\vish cailn- 


iiillon‘.sceiiee. They are whitish vellow with re»l veins. 
There are three perfect stamens iiiiiteil at the base to about 
half the length of the filament ami then they separate into 
three parts, each bearing a versatile anther. At the point 
of sep.'iration of the perfect stamens there are four iniiiiitc 
narrow processes, each alteriifiting with a filament. TJierc 
ait* also two othei proce.sscs like those tlcscribeil above anil 
are sitnate<l opptisite to the ptjiiit of curvature tif the united 
biinille of filaments (fig. 2). ,\cei>nliiig to the observations 
t»f the previous wiwkers these professes (wliich are altoge- 



l*‘ig. 1. Photo of a eross .section of a Mower bud f»f 
T. ifidi-ra, .slmwiiig live well devehijied petals in their 
respi'ctive ]iositioiis. a -- sepal ; b — petal ; r .stamen ; 

e — Pistil. 


eons boat-shapcil bracts, a calyx of 1 sepals which arc coiiiial** 
at the base and are aitieiilaled to the jiedieels. Usually 
they are green in the hml stage hut heeome yc-llowisli white 
during anthesis. corolla consisting of thiee petals is 
found, of which two are large ami hroail and the third small 
and narrow. The two large jietal:. are placed opposite and 
.lecussate with the sepals while the third overlaps the pos- 
terior lobe of the calyx (Fig. 1 ). All the petals are pointed 
towards the posterior side in relation to the axis of the 


ther h in iiiiiiiber) are staminodcs. The ovary is monocar- 
jiellary ns is tlie ehar.'ictei islie of tbe hHQUntinosae. It 
eoiitnins generally live to leii ovules and is bent .slightly 
ilown wards. The style is bent along with the filaments. 
(IMR- 2). 

The abnormality lias been observed in the corolla of 
some (lowers. The two lower proees.ses referred to as mere 
“scales” or •‘Uristles” by previous workers have been found 
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completely nietamorphosefi into petals. (Prain, Hooker, 
etc.). Thus 1 and 5 petals are noticeil in most flowers. 
(Figs. 1. a, b, e, e. 3. a, b, r, d, e, and 4. a, 6, c, d, «.). a= 
sepal ; & = petal : c — .stamen : cl=.statiiinodia ; e — carpel. 



F'ig. 2. A normal flower, showing the floral elements 
a ass Sepal; 6 = Petal; c = Perfect Stanion ; d Stami- 
nodia; e = Ovary, 



Fig. 3. An abnormal flower in which one lower procc.ss 
has reverted into a petal, a, b, c, d, e rf*pre.seiit the .same 
elements a.s in Fig. 1. 


c 



Fig. 4. An abmirmal flower in which both the lower 
processes have reverted into petals, a, 6, c, d, e repre- 
sent the same floral elements as in Fig. 1 . 

DIvSCUSSION 

.All teratologioal observations are of especial iiitere.st tc 
the botani.sts, from the point of view of right interpretation of 
various morphological c^uestions which arise from time to lime 
in ^ the course of study. Some are of opinion that abnortna- 
lilies fpve a cine to the right road towards an explanation 
especially when sue j is connected with floral parts. Thus 


(ioobel* is of opinion that in many cases malformations give 
a deeper insight into the homologies of the reproductive 
organs in higher plants. A. St. Hilaire and Moquin Tandon* 
express that abnormalities are not due to merely freaks 
of nature caused by chance but may be referred to the 
common laws of organization. Very recently Bose,* while 
interpreting the abnormality observed in the flower of 
Cucurbita pepo L., came to the conclusion that “the real 
value of ahiiormalitie.s lies mostly in the elucidation of 
otherwise obscure points such as the determination of 
affinity, homology, etc., of plants and their organs”. 

The primitive type of flow'cr is assumed a.s hermaphro- 
dite, regular and without any cohesion of parts. From 
this afterwards various diverse forms have gradually arisen 
with different modifications (Law.son, S). The general plan 
of floral p.'irts in Legiiminosae is sepals .5 united, petal.s 5 
free, stamens 10 free or iinilod and pistil 1. Tn Tamarindiut^ 
a.s already mentioned they are 4:3:3: 1, which .should not 
he the ca.se generally. Therefore the development of the 
two low'er ])rocesse.s, into definite petals, so long described 
by other investigators a.s mere sca1e.s and Bristles or stami- 
nndes represent reduced petals which sometimes under 
favourable conditions show .signs of “Reversion". The 
])rcsent interpretation also to .some extent is in accordance 
with the general plan of organization of the floral elements 
in LeguminoBae. 

SUMMARY 

A common form of abnonnality found in the corolla 
of some flowers of T, indi-ca L. has been noted for the 
first time. Thus 4 and 5 petals have been observed in 
many flowers. 11 has been suggested that it is a process of 
“Reversion”. 

Govt. Agt. Re.searcli Station, Dacca. A. R. Paul 
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Synthesis of 3 riitro 4 Methyl Phenyl 
Napthyl Ketone 

By the action of a hydrous Alutniniiiin Choloride on a 
mixture of 3 Nitro 4 Methyl Benzoyl chloride and Naptba- 
lene in Carbon bisulphide in the cold, a 3 Nitro 4 Methyl 
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Phenyl Nnpthyl Ketone has been obtained (M.l* 91 * 0 ). 
It a picrnte M.P 109*c ami a hydro/.eiie M.P 120*c. 

It is bcinj; investii^atcd for an a Napthyl derivative. 

Further work is in progress and the details of the work 
wdll be published in the Journal of the Indian Chemical 
Society. 

In this connection, I desire to express iny sincere thanks 
to Sir P. C. Ray to when I am indebte<l for kind encourage- 
ment anil research facilities in liis Laboratory. 

Sir Tarak Nath Palit I.aboratory, 

nniversily College of Science R. 11. Chatteriee. 

92, Upper Circular Road, 

Calcutta. 

17. 9. 36. 

On the Constitution of Gurdenin 

F'roiii the re.sin of Gardenia Ivcida, Roxb, known 
in India as Dikamali, Stenhuose and Groves ’ isolated a 
crystalline, bright yellow substance, ni. p. 163-64“, to which 
the name gardenin was given. They assigned to it the 
formula Ci 4 lli,t>,. M Rajendralal Nath, working in my 
laboratory, has i.solated gardenin from the same 
source and has confirmed many of the reactions and 
properties of gardenin as reported by Stenlionse and 
Groves. Ilis analytical data however differed, though 
slightly, from those of the previous investigator.*;. Ganlcn- 
in has lu'eii found to contain a high percentage of me- 
thoxyl. It formed a nionoacetvl derivative, in. p. ll(i“, 
the molecular weight of which was 4()0. 1. Ilis analytical 
results be.st agree with the formula C,,H,,G, or t , ,11,0, 
(OH) (OCIIJ.. 

Gardenin is optically inactive. It is soluble in hot dilute 
aqueous alkali with an orange colour. An alcoholic solu- 
tion of gardenin turns green on the addition of ferric 
chloride, anil deep red on reduction with magnesium and 
hydrochloric acid. It does not respond to the tests of 
quinones. Alkaline hydrolysis gave triinethvl gallic acid 
and a phenolic substance, m. ji. 162“, the constitution of 
w'hicli has not yet been liefinitcly settled. Gardenin is 
believed to be a fiavoiie derivative, the partial formula 
of which is 



6 


It is resistant to aerial oxidation m presence of alkali 
which suggests that the -OH group is not in position. 3 


of the ben/.opyrone' liueieus. He has inorover shown tha 
the formation of “gardenic acid" of Steiihoiise and Groves 
is accompanied by lo.ss of a methyl grou]) and that 
"gardenic acid" behaves like a 14111110110 . P'urtlier work 
with a view to e.stablish the constitution of the colouring 
matter is in progre.ss. 

l-niversity College of Science, 

Calcutta, P. K. Bose. 

16. 9. 36. 

I Annalnn, JOO, 311 (I 8 S()). 

riic lilfcet of Snake Venom on the action of 
Trypsin and pancreatic juice 

It is well known that snake vimioiii contains proteo- 
lytic en/. 3 'me.s. The optimum activity of the eii/.ynies in 
the venoms of cobra ami Rtissell’s viper lias been found 
by us to be at pH S.O 8.2, using egg-albumin and gela- 
tin as .sub.stratcs. This suggests that the cii/.yinc in these 
venoms is probably iilentical with trypsin. We next tried 
the efieet of these venoms on the activity of trypsin 
(Merck’s), to find out whether they contain any trypsin 
activator. It will he eviilent from the following data that 
they exert a marked inhibiting action on lryp.siii. 

TABU*: 1. 

Vciioin — Ru.sseir.s Vijier. 

Substrate — Gelatin {S% solution). 

The extent of digestion of gelatin in 24 hours as de- 
termined by Willislillter’s method using 0.0448 N alcoholic 
KOH. 


pH 

Digested with 
2 ee. of 1 % 
venom. 

Digested with 

1 ce. of 0 . 1 % 
trypsin. 

Digested with 2 cc. 

of 1 % venom Ik 

1 cc. of 0 . 1 % iryp.sin. 

7 

1.28 

10.08 

3.28 

7.6 

1.76 

10.8 

.3.60 

8.5 

1.68 

9.84 

3.04 



TAIILK II. 



Venom 

Cobra ( Naja Naja) 


Serength of i 

fileoliolic K(411 

- 0.0412 N. 

i 

,, 1 . 1 

Digested with 

2 cc. of 1 % 
venom for 24 
hours. 

Dige.sted with 
lee. of 0.1 % 
trypsin for 21 
hours. 

Digested with 2 cc. 
of I % venom & 

1 cc. of 1 . 0 % trypsin 
for 24 hours. 

7 

1.92 

9.32 

4.48 

7.6 

2.2 

10.0 

5.2 

8 .S 

20 s 

9.28 

5.0 

1 
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Dele/.oiiiii** fdund tiuit aiidititui (tf evi'ii a small 
tity of snake venom markedly inereased the proteolytic 
activity of inert paiierealie jiiire. He therefore concluded 
that the vemnns nsecl contain a kinase annlo^'ons to entero- 
kinasc. Dele/eniw’s ohserxation has reeentiv hcen con- 
firmed 1»\ Masaka/n Sato and Taniotsn Ilirono" workinjj 
with jjlvcerol extract of pancreas. It may he menlioncfl 
that Delezeniie’s ohservalion can he aeeoiinted for even 
if there he no kinase in snake venom. Recently Nor- 
Ihro]) ami ef)-\vorkers-'' have shown that in inert pancreatic 
extract there is another proteolytic enzyme hesiiles trvp- 
sinogen ami this they termed <'liymotr\ psiiioiren. They 
further showeil that a tra«x* of trypsin can convert iii- 
aetive ehymotrvpsinoKen to the active form ehymotrypsiii. 
Addition of snake venom (which we have already shown 
contains Iryjjsiu). to the panereatie juice will convert eh\mo- 
trypsinoireii to the active form rhyniolrv]isiii. This would 


('hcniiccil Excimiiidtion of Water from 

Coco5 Nucifera 

It is well know'll that the water of the unripe fruit of the 
jilant. Cocos Nucifera, eoiiiiiioiily known in lien^ral as ‘Dah/ 
is a fine eoolitiji' and refri/irerant drink. It is also siippo.sed 
to he an n.seful medicament in urinary disorders. As no 
special work' on the subject is hein^ noticed, a systematic 
study of this valuable nutritive was found to be of consider- 
able interest. Hut while the work was in proKre.s.s, a note 
on the ascorhic aci*l content in cocoaiiiit was recordeil liv 
Baiierjee.’ 

Ill the present invesli|4ation the frnit.s, that have been 
nseii, were all taken from our i^arden at Haratiaj;ore. Three 
eoctianiits of a particular variety from each of the sixteen 
dilferont jdaiits were collected ami the water of each fruit 
wfui examined for detenniniiijr the volnnie present, the pH 
value, the perccnta/^i‘s of .siij^ur (hotli rcdiiciiijj and noii- 
redueinjj) ami .salt, and the concentration of ascorhic aciil. 


Type of llie fruit. 

Volnnie ol 
water in 
c. es. 

I'H 

l*ere<-nta>;e of 
Kedneinj' 
Siipf.'ir ill jL»in.s. 

Pc't ceiilaije of ! 
Noii-rediieinjf 
; Sugar in gm.s. ■ 

Pen-entage 
of Salt in 
gins. 

Mg. of .Ascorbic Ac 
per c. cm. of watei 

(^recii nut without any kernel 

20.S 

ISO 


0.14s 

0 2sn 

0.0250 

(»reen nut with soft kerned 
(thickness varyinj* 
from 0-4 iiini). 

2.^0 

b'H) 

5.2.50 

0.32‘> 

(1.2.52 

o.o.ri 

(4reen nut with semi-hard 
kernel (thic'kiiess varying* 
from 2-b mill). 

235 

I.SS 

5.250 

0.1 SI 

n.2(»8 

0.0314 

Rrowuish (irceii niit with 
hard kernel (t1iieknes.s 
varyinjj from 10-12 mm). 

210 

.5.30 

2.240 

O.HiO 

0.3S < 

0.0224 


account for the inerea.sed proteolytic activity of the pan- 
creatic juice as observed by nelc/.ennc ami Masaka/.u 
Sato, In our experiments we have used trypsin a.ssociated 
with ehymotrypsiii and not their inactive forms, hence 
addition of snake venom to those cii/ymcs is not expec- 
ted to hrin.i; about aiiv increase in their proteolytic arlivitv. 


University Collev^e of Seienc*; X' Tcchiiolojfy. 

Calcutta. H. N. (;ho.sh. 

1. 0. »»>. S. S. He. 

1. Cnmpt, rend, IJo, M'i. I•»02. 

2. Mem. I'acultv Sci. Ajjr. Taihaku. I‘H5 

3. Kunitz, M and Narthrop. J. N. Science. THi. 


Ill the above table llie averajre rc.suU, from a stinly of 
forty ci|^ht different .samples of each variety of cocoaiiiit, is 
recorded. The jicrceiitaj^e of rediicin;^ .sii^ar has been 
calculated in terms of juliiro.se ami that of the salt in terms 
of sodinni chloride as most of the salt has been found to be 
prc.sent as chloride of srMlinm. Traces of ])ota.s.siiim and 
max;iicsium cliloriilcs have also hcM*n detecte»I. 

I'roni the lahle it is evident that the ipiantity of water 
deerca.ses where :i.s the pH value incrca.ses with the j;rowtli 
of the fruit. The percciita;rc of total .su;;ar is found to be 
lii}»hesi in the nut with .seini-liard kernel. .\s the nut matures 
the .siijjar eoiitent of water eon.sidcrahly diminishes. The 
most interestinf; feature is the existence of a close relation 
ship between the respective concentrations of .siiji^ar and 
ascorbic acid. Thus, w'hen the water is richer in its sURar 
content, the ascorbic acid is also ])reseiit in its higher con 
ccntratioii. f^astly, the salt is found to be in its lowest f>er- 
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centaffc, wlion the water of the fruit mij^ht he considereil to 
he richest in its nutritive value. 

In conclusion, the author wishes to ackiiowleil^^e his in- 
rlehtodne.s.s to the authorities of the firm for allowing hini tn 
piihlish this note, and tr> express his sincere thnnks to I >r. 
IT. Basil for his keen interest in this investijiration. 

Research Lahoratnry, 

Benfral rniinunilv. S. K (kini^uli. 

Calcutta. 

The 1st. Sept. I'Lh*. 

1. C. (f. Mathews, AnahfKt- 223. ri2l. 

2. Banerjee. Siticnck, .am» Ci ltimii:, f, 13'>, l'»3S. rf. 
also Blsw'as ami (<hosh, ihid, paj^e 

Prcpcimtioii of ci few CliloronKtnuiro-o-nvmncs 

The natural proilucts lierj^apten and xrinlhotoxin have 
>iot some hiocheiuie.al interest and .-is eonmat tn cnninnrotie 
structure has heen assii;n.’<l to them hv ronieiaii/ and 
Tho!ns\ it was worth-while t<i prepare eonniarin eoiimarone 
compounds starting' frtnn the chhirnenninaro.o-pviMneK h\ 
hydrolvsis and siihseijnent distillation with lime 

With this ohjeet in view the preparation of the fnllnw- 
inj^ chloro-rouinaro (i-pyrones has heen taken up. 

1. .3■chloro-^-nlethvl•colIlnal•o-7: t» (oi 7. s) ^^-pvuine 

.l-chloro-4-incthylunihelliferom*’ ( St* ) was intini:itel\ 
mixed with malic a«'id (.Sji;) and e. c. sulphuric acid 

(d. 1. 84) were added to tin* mixture Tlu* mixtun* * ■ healed 

on the waterliath in a flask, jirovided with a calcium 

chloride tube at the neck of the flask. Kirerve.scence .soon 
begins and the solution becomes deep red. It is heaieil 
for about 4 hours when the elTerx e.scciicc praclicall> 
ceases. The contents of the Mask are poured on ice ami a 
precipitate is cditained. It is filtered and the precipit.ite 
is digested with ammonia to remove any nnchangeil 3- 
chh)ro-4-uiethyl umbelliferonc. It is recrvstallisc*! from 
glacial acetic acid in brown jilate.s, ni. p. ?«i5-2»itr’C 
Yield about JA)^. It i.s in.soluble in anitnonia and sodium 
carbonate solulit>n but .soluble in hot caii.siic :ilkuli'' — 


protlueiiig first vellow, then deep re«l solution. I'ound 
Cl 13. 1S% ; CjjII.O^Cl reiiuiro 
Cl 13. 52%. 

2. 7 meih vl-3-chlfH‘o-4-methvIc*onmaro-5 :>< «-]>yronc. 

All intimate mixture of 3-chloro-4-metliyl homouni- 
bcllifeione* (.‘'g). nialii* :icid (.Sg) and conciMitratcd sul- 
idinric aciil 15 c. c (d l.Sl) was healed on the waterbnth 
for aboiilt hree hours till theri- was no more ellerve- 
scence. It was then pt>iired fin i«'<* and the ]ireci]iilate 
obtained was iligestt^d with .'imnionia ami finally recrv.s- 
talliseil frfiiii glacial acetic aciil in prismatic neeillcs. ni. ]i. 
28S"C. Yield about 20%. Found Cl I2%;C, H,<> 4 C'l ro- 
fpiires Cl I2.S3%. 

3. The comhmsalion of .vchloro- l-nielhyl-'i :r-dihvdroxy 
cotimarin witli malic acid : 

.l-i'hloKi { iiiethxl 5:7 diljMlrow coumarin * (l'’>.!s) malic 

acid (l^g) .’Mill sulphuric acid lb c. c. (il l.M) are heated 
togelluu oil till- watiMbath for 5 hours. It is then pfiured 
oil ice and the et ude condensation product obtaineil as 
usual The cinde jirodm't i.s r(‘|)eatei|ly extracted with 
absolute aleohtil till the liltrate liecouies .almost colourles.s. 
Vielil .-ibout 0(1%. Kc*er\ slalliseil from p\ridirie it melts 
at .il2 .il.f'C with decomposition. 

l•‘ouud Cl 12.2%%, t'l.lI.C) t'l rer|uires 
Cl 12.75%. 

I. s hydrow-^ chloia» l-methvl coumaro-7:fi-u-pyrone ; — 

3-chloio l-meth>lilaphnetin (2b g), malic aciil (15g) 
ami eou. siilplinric acid (il I M) lt» c. i*. were heated to 
gi'lhci oil the water-bath foi 5 hours. It was then jioured 
oil ice, filtered ami the mass obtained was rcpcateilly 
digested with absolute alcohol. It was recrx stallisdl from 
pyridine in colourles.s shining jilalf‘s. 1 1 shrinks at about 
.>10" ami does not melt even at .>25" C. 

iMMind Cl 12.77%, C,,H,(>^C1 re(|iiires Cl 12.75%. 

I'Tirtlier work in the line is nmlei contemplation. 

Bifiehemicnl Laboratory. II. (•. Biswas. 

Bengal Chemical Fliarmaeeutie.al Works I.il. 
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The Problem of Nitrogen Supply to 
the Indian Soil 


A sYMPOsn'M OH till* iihovo MihjocI was in 

(^ilcnthi on lln* 2!Mli and oUtli Aliens! at the ({oval 
Asiatif Society oF liciijral under tin* auspices nl' the 
Xational Institute* <»!’ Science's of India. \ine*te»e*n 
papeTs were* contribute*el IVeHii eliilere*!!! parts of Inelia 
and niiniia reprc.sontinjr various aspc<‘(s ol' the proh- 
le*ni. The symposiuin was pre*.**iele*el eive-r by Hri»raelie*r 
II. J.( .'oil<*hiiian, l).s.e).,M.e*., IVesiileiit of tlie* Xalienial 
Instil life of Scie*ne*e*.s. It is well known that Indian 
so have* low nitrojrcii aiiel e*arbon <*onte*iits. 'riie* 
Itoyal Coiiiinissioii eni A^rie'ultnre* e*inphasize*d the* 
iinpeiii:aiiee of a e*eHice*rte*d attack e>n this pro1)leMn for 
a satLs factory scientilie* solution. In fae*l, re*nie*die*s 
for tlie.se elelie*ie‘ncie*s form one of the major i.ssne's 
the* solution e»f which will be* of the* jjreatest bene'lil 
tei India atifriculture*. Sympeisia and confe*re*ne*e*s ed 
scie*ntilic. weirkers .sj*rve* the ve*ry use*ful pnrpe»se, 
iiamedy, that the*y alVorel an eippeirtunity le» wm*ke*rs 
nil a partie-nlar brane*li of se*ie*ne*e*, wlm are* scatte*reel 
eiver the* eeuintry, tei mee*t an«l elise*u.ss scientitic 
matters of eremmioii inte*re*st and e'xe’hanjrc vie*ws nii- 
trammc'IIed by eithe*r attrae’tLems. 'rin* e*o-operatie»n 
of workers in elifte*re*nt brane*he*s eif se*ie*m*e* is e-alle*el 
lor in the seiluliem ed a}i!rie*ultural preible*ms. The* 
Xatienial rnstitute ed’ Seie*ne.e*s, bi*in^ the* e'cntral e-ei- 
eirdinntiiiir body in .seientifie* matters, is re*nde*riner a 


ve*ry ii.M*fnI se*rvie*e* by he deling sne*h symposia at the*ir 
mee*tiii<>:.s. M'he .symposium w.is i>r^ani/cel by Pnd’, 
d. X. Mukhe*rj(‘e* at the* r(‘e|ue*st ed’ the* (\nine*il ed’ the* 
Xatieinal rnstitute* of Se*ie*ne*e*s at Inelore*. Pape*rs 
fell* re*aelin^ at the* symposium we*re* (‘einlribiite*ei by 
Pn»f. X. 1%. Dhar anel his (‘o-wen*ke*rs ( Allahabael), 
Dr (i. (ie)pala Hao anel Mr l\. S. Miirty (Waltair), 
Kaei Ikihaelur I). L. Sahasrabnddhe* (Pe^ona), liaei 
Hahaeliir H. Viswanath (I)e*lhi), .Mr I). V. Hal (.\a*rpur) 
Pnd’. V. Snbrahiiianyan anel hisiMt>we>rkf‘rs(Han!ralore‘), 
Me*ssrs K. M. Pamlalai (Hanirahire*), 'I', d. Mirehan- 
elani (Sabanr), P. K. De* (|)ae*e‘aK (1. H. Pal and S. (\ 
Hakshit (I)ae*e'a), Dr A. Se*ii (Dae*ca), Me*.ssi*s 
II. X. Pal (Assam), S. P. .\iyar (Maiielalay), and 
Y. D. Wael anel H. K. Anraii^abadkar (Inehn’e*). 
Amem^ e>lh(*r.s whei aUei a(te*ne|e*el the* me*e*lin^ anel 
ji>inr‘el in the* eliscns.<..ioii which fedle»we*il the* re*aelin^ 
ed’ the* pape*rs we*re* Pnd’. d. ( tJheish (Dae*e>a) anel 
Dr II. (Miaiielliiiry (Laliem*). 

In spite* eif the de*tie‘ie*ncie*s in e>r<ranie* matte*r and 
.seal iiitreejren, seals which have* not be*e*n tre*ate*el with 
manure's have* in many instane*e‘s e‘eaitinue*el tei main- 
tain an avera«re* yield e»f errops. The* .seiil may ele*rive 
its nitro(>:e*n freaii natural proce*.-sf‘s, sue*h as lixatieai 
ed’ atineispheric nitre>;ien by bae*te*rial a^i*ncie*s. He- 
side.s, nitroe^e*!! may be adde*el to the* soil thre)U!;h 
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inaiiiircs. Tliriv an* also viirimis sniin*i*K nl' lossi*s 
nl‘ TIk* loss and n*<Mi|M*ratinii of iiifro<r<*n 

in soils, IIk* supply «»r niimo-ori to tli<* <Tops inaroord- 
aiKM* willi tlwir iu‘i‘ds, tlio dopriidi'iict* »»!’ tin* total 
and availa1)lr nitro;r<*n in soils in flu* rliinati(* f‘a<*tors, 
sin'll as rainral] and tcnipcratiirc, ami various otlici* 
aspects have Iiccii covcrc<l hy ihc contrihiitiiMis to 
tile syinposiiiiii. 

'riic part playcil hy bacterial a*i:cnci<*s in the 
rccnpi'ration ol* soil nitrogen is well estahlislied. In 
n*eenl years Prof. Dliar lias siiiriresied that in tropi- 
cal soils, e««peeially under a-rolTn* «M>mHtions, photo- 
synthesis and pholoealalysis :iNo |>l:iy an important 
part. Ihictcria derive their eneri»:y necessary lor the 
lixation of nitro<ren I'rom the oxidation of earhonaee- 
ons matter. ProT. Dhar sniiirests that' the eiieriry 
liberated by photoehenii<*al oxidation (‘an brin^ :iboiit 
the fixation ol* nitrojreii in the |iresence of siiilalilc 
catalysts independent of bacterial action. Ib* has 
rcfiorted experiments in the laboratory, showiny: that 
sterilized soil can act as a photm'atalyst in the 
presence of an easily oxidizable carbohydrate, c.//., 
trliiciise in inducing nitroy:en fixation. A ]>oint ol‘ 
iinmediate prai'tical importance hinges on this iii- 
vestiy^at ion. The rapid development of the sn»rar 
industry in India which has resulted IVom the prole<- 
tion ailbnled to it by the ley;islatnre has l)rony:ht in 
its train the diilieiilties oT a proper disposal of the 
molasses :ind the utilization of the bay:asse. Pnif. 
Dhar has shown that the molasses can be substituted 
in tin* fi(*ld for the yiliK'ose in the laboratory experi- 
ments for increasiny: the nitroy:en content of tin* soil, 
liesides helpiny; tin* fixation nilroireii, the presenc(* of 
tin* carbohydrate r<‘tards the loss of nitro!>;<'n by the 
oxidation pnu'C.ss. Molasses, in addition, contain 
other constifnents, c.,7., ])otash, phosphoric :ici<l, and 
lime which are to be looked for in a desirable ferti- 
lizi'i*. The utilization of molasses for increasiny: the 
productivity of the soil thus affords a happy .solution 
of the difliculty. Usiny; 3 ton.s of molasses (price 
Hs ‘JO, -) per acre of land Prof. Dhar and his co- 
workers obtained a fixation of IVJ lbs of nitroy;en 
(worth Its 00 /-) from the atmosphere. I^heir ex- 
perinn*nts also shoAV that the oxidation products of 
nu>Ia.s.ses which ;'re a(*idie in nature are heliifnl in 


ainelioratiny: the alkaline soils in tin* riiited IVo- 
viin'cs. Mr Mirchandani by his observation in 
IMliar soils has confirmed tin* usefulness of molasses 
in increasiny: the nitroy;(*n contents of .soils and in 
rei'laiminy: alkaline .soil. Hey:ardiny: the amelioration 
of alkaline lands, lie, howev<*r, (!xpres.sed doubt as to 
the pernianein*y of tin* r(*sults. IVof. Dhar mentioned 
in the .syniposiiim that the .\ry.sore Oovernment, by 
applyiny: one ton of molas.ses per a<*re, had obtained 
the yield of PJOO — ISOO lbs of rice y:rains per ac*re 
from alkaline land whi*re fin* crops failed completely 
ill previous years. 'Flic yield is comparabh* to tin* 
average yield of normal Indi: 111 sdils. 

'Flic ob.Herv:itious nf Ibio llahadiir Sahasrabiiddhe 
on the otln'i’ hand tend to .'^how that bact(‘rial rather 
than photochemical action is mainly re.sjidnsible for 
the nitro.y:eii recuperation (»f .mmIs. llis experiments 
with Poona .soils shoxv that tin* magnitude of tin* 
fixation d<‘p<*nds upon moi.stnre and temperatiin*, but 
not upon the iiiten.sliy of liy;ht. 'Fin* addition (»f 
phosphates and ory:anic matter to .soils deli- 
cient in these const itiieiits improves the reel ipera tiny; 
power. 

Pice soils and even rice plants have ln'cn found 
to posse.ss nitroy:en-fixiny: power. Pao P>ahadur 
Sahasrabinhlln* found that tin* nitroyien-lixiny: jiower 
iiicrea.scs in pre.sence of y:rowiny: rice roots. Dr 
.\. T. Sen and .Mr P. Iv. De consider aly:a* to be re.s- 
])on.sible for the fixation of nitroy:en in rici* .^oil.s, but 
it is not cleai' from tin* e\p(*rimenfs whether tln*y do 
.<0 alone or in .symbiosis with other oryaiiism.s. Ni- 
froyfcn-fixiny: ory:anisnis have been found al.so in rice 
leaves. Dr 11. ('haudlmry has mentioned diiriny: the 
discussion that in tin* culture (‘xperinients carried 
out by himself on .sample of .soil from Kast(*rn Bengal 
aly::e were found which eontaiin‘d nitrifyiiifr bacteria 
in their niiieilay^e coal iny:.s. The.se bacteria could fix 
nitroy:cn in neutral or slightly alkaline media. AVe 
l(*arn that Mr Dc* has be(*n (*nabl('d by the Imperial 
(/onncil of .\»ricnltural Pesearch to pro.seeute a 
detailed investiy:ation on the aly:a* in rice soils in the 
laboratory of l*rof. .h'i‘it.s<*h. 

Mr D. V. Bal has also come to the eonclu.sioii that 
black cotton soil ]ms.sesses <*onsiderable nitrogen- 
fixiiig power. Pot culture experinient.s eondiieted for 
nine years showed a resultant inerea.s(! of nitrogen 
content while in tin* field the soil did not show 
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cloloriomtion ol’ nr^nnic nitrogen yirowinj*; \vlu*;it 
continuously Tor nine years. Ln^mnes ijrown with 
wheat, do not d(‘linitely improve llu* ni(r<i^t>n stahis 
of these snils. 

Mr V^iskaraii and Prof. Suhralimaiiyaii and Mr 
Pandalai havi* investigated Ihe nnn-symhiolie 
a<*tivity of nitrifyiny: »»ry:anisms. A pure simin i»|* 
a/otohaet(*r de<‘ompnses siiy:ar wiHiniit ni( rilie.-itioii 
Avhile thai ol iiitrosoiiionas is paralysed hy its 
pr(‘senee. Ihit a mixed eiilfiin*. such as (he mixed 
n»>ra, existiny: in the soil, has eonsiderahle nitroyf<*n- 
lixinyi pow**r. Tli<* n'sidiial decomposition prodiu't 
of tlir‘ earlxthydrate and not. (he earhohydrate itself 
is lieIf)FiiI in (Ik; y:rowtli of (h(\se soil oriranisins and 
in the nitrilieation jm^eess. 

The possible meehaiiisin of tin* nitroo;rMi (r.iiis- 
fonnatioiis in the soil and its loss wen' dis<*iissed in 
a nmnher of eommiiiii<‘ations. Aeeordiny: to fVof. 
Dhar. the pro<‘esses of ammoniileation and nitnli<*a- 
ti<m are pliotoeataly(i<* in nature. 'I'his view is 
supported hy tin* observations of Di* (jopala Hao. 
Ammonium nitrite is formed ilnriny; tlie process 
wliieli decomposes in tin* lMy:h tropical t<*mp(‘ratnn' 
and tin* nitroy;(>n is lost in the elemental bn'in. I^asily 
»»\idi/able earbon.'iceoiis '•nbstain‘<*s retard both 
ammoiiillealion and nitrilieation and tims help to eon- 
s(‘rve soil nitroy;en. Prof. Subrahmanyan <»ii the other 
hand holds (hat in swamp soil the I'atc* of ammoni- 
tieation is hiy;hei' than (hat of nitritic'atioii and tin* 
fret* ammonia wliieli thus ae(*umulates is lost, by 
volatilization. The loss varies in the opposite seiisr 
with tin* O.N ratio. The addition of earbonae(>oiis 
substance's diminishes tin* los< of nitrojien by in- 
ereasiny: this nitio. The e\perinn*uts of Kao nahadiir 
Viswanath at Coimbatore show that the loss of 
nitroy:e*n is dilieiilt to (*\plaiii on the basis of euiTeiit 
(hee»ri(*s. “Photoelu*mi<*al a<*tion can explain the 
fixed h»ss(*s but there must b(* some oth(*r factor.’' 
Mr He eoneliides that in water-h»y:‘red soils the 
supply of oxyy;en, 1)t*in^ limited aninionia, is oxidized 
first to hydr<»xylaniine and then to y:aseous nitn»y:en. 
'riie loss by the deeompositi«)n ed* ainmoniiiin nitrite 
is not considered likely and in tln*s<* regards a vi(;w- 
point ditterent in soino respec'ts from that of Prof. 
Dhar has been mooted. 
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^rin* problem fd iiitroy^eiioiis manures in its vari- 
ous aspects has re(*eived eonsid(*rable attention. On 
<Mimpariny:y;r(*en manure, cattle manun*, and artifu*ials, 
Ibio Bahadur A'iswanath has observJ*d tin* addition of 
nitroyjen to the soil by fixation on the application of 
y:reeii ainl eatth* manures. .Mr .^fir(‘hand:lui has :dso 
observi*d a bein*fi(‘i:d elVeet on f*ombininy: ory;aiiies 
with artificial manur<‘<. Tin* d(‘peinh‘ne(* of the loss 
of nitrogen on the C:N ratio and its importance in 
manurin'; has been .stres.-^ed by Ibio Bahadur VisAva- 
natli, Mr .Mirehainlani, and Prof. Subi'ahmanyau. 

Me>srs W'ad and Am':iny;ab:nlkar have fbiiiid that 
in the snil< of Biindelkliaiid, Malwa, ami Itajputaiia 
tin* a^ipHeatioii of niiroy;«‘nous manun* d»M*s not prn- 
<hnM* any n>.*^poiiM> in (he i-i-op yield. Mr .\iyar 
workiny; with Biirm:i soils has fonud that uitroy:r*n 
added in the form of ammoiiiiim sul|)hatf* is mo.st 
(*ne<‘(iv(* ill iner(*asiny: the yield of paddy and the 
r<*sul(s improv(‘ on (‘ombininy; it with phosphab*. 
Nitrates, ammonium carbonate or ealeium eyananiide 
are Ic.-'S elVeetive. (ir(*en manures :iud oryaiiisms 
whii*h lib(*rale ammonia in tin* ii(*ld have been found 
to inci'ea.^e (In yield mark»*dly. But he considers 
that there appeals to exist a limit b(*yond Avhieh the 
yield of paddy in tropical soils cannot lx* inen*ased 
whatever be the treatment and thus (‘xpresses a 
doubt as to the po>sibility of atlaininy; the yields 
obtained in ((*mp(*r:i(e climate^. 

In fiiseus>iny: tin* pro)M*r time for (lie a|)plieatiou 
of oil <*ak«*< for 'luiek-yrowiny; crops in i'(*latii»n to 
current ayi'iiailtural pivmlice in I']as( Benyal, M(*s.si*s 
l^il and Kakshit havi* recomnu‘nd(*d its atiplieation in 
tlx* Unhi rath**!* than in the Khtnif >i'\\sn\\, as other- 
wise the nitrates fiwnwd fi'oiii tin* oil eaki's an* easily 
Avashed aAA’ay diiriny: the monsoon rain.s. fn the <*as(* 
f»f rice «*ro])s Dr S»‘n has reeommend(*d the applica- 
tion of manure at such a time (hat tin* available 
uitroiren status may lx* incrc*as(‘d iluriny: the actiA’c 
vey:(*tati\e yniAvth ami tin* beyinniuy: of (In* floAvc*riritr 
staye. 

Prof. Subrahmanyan and Dr Sn*cnivasan have 
pointed out that considerable (‘rrors may arise in the 
.sampling; of soils dm* to their iionhomojrcm*ity. The 
perindii* variations in soil nitroyf*n observed by vari- 
ous AA^orkors miyht have been vitiated due to this 
factor, ^fr I^andalai described a method of dct<T- 
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iiiiiiatioii ni' iiitniiis ackl in .soils 1»y oxidation with 
hydrojrcii imtoxuIc. Mr Ihija^opalaii al.so d(‘s(*rilM*il 
his oxiiorinionts carried out with Mr Iyer and Pnd‘. 
Siibrahinanyaii on what has l)een elainied to he a 
<(iii<‘l< an<l a<*enrale nu'thod oT deterniination ol' nitro- 
ill soils. 

A systenialie study ol* the types of soils existiiijir 
in didereiit parts nl' India in relation with the eli- 
inati<' I'aetni's, >iu*h as teinperatiiri* and rainrall, aiul 
with their pnaliietivity is very iinii'h to he ilesired. It 
is tlu'i’el'ore (rratifyin^ to note that inv(‘st illations on 
these lines have been carried out by Mr Aiyar on 
Hiirina ."oils and by Me.ssrs Wad and Anran^abadkar 
on .-oils rii* Ihnideikhand, Malwa, and liajpntana. Mr 


Aiyar has been able to show that the variations of 
soil nitrogen with teiiipcratiin* and rainfall follow 
•leniiy’s law, /•/■.., that it inereases with loweriiijr of 
temperature and with iiH‘r(*ase in rainfall. Tin* 
observations of M(*ssrs AVad and Aiiran^abadkar 
show the absenee of any relation between the iiitro- 
ifeii (‘ontent of the .soil or the (*:N ratio and tli(‘ 
<‘liinatie fa**tor.s. Kveii the ])rodiU‘tivity of the* soil 
is not always d(‘pendent on the nitrogen <‘onlent. Hut 
it is eonehided from a study (»f .soil samples at dif- 
lerent <lr>pths of the soil profile that similarity in tin* 
mainlenaiiee of the (‘lU'bon and nitrojron (routeiils in 
the first two hori/.oiis is mainly responsible for the 
fertility of the soil. 

\V<‘ eoii<>:ratiilale the aiitlii»rities of th(‘ National 
Institute of Seienees for havinju: or^aiii/ed this very 
ii.<efiil diseiission. 
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On the (Conservation of Indian (Coal 


S. K- Riiy 

rrnrpBBtir, Indian Siliiiol uf Miiu-.s, Dhaiiliad. 

In (Ii(> ( Ih‘vl<‘\v of the 

prodiK'l inn ol' |)ii1)lisluMl liy the ( iei»in«rii>:ii 

Survey, in'JS, Dr (\ S. Knx (p. 71) pilt^ flie en:il 
reserve nl' Indin :it :ihnnt n 1.000 iiiillinii ttni*'. Now. 
it is well kiinwii th:it. (.‘Veil with the iiin^l 
systematic wni*klii}i-, at U'ast l/)l «d' the c(»al lia-^ 
Lreiierally tn lie i»:iveii up I'nr hi'-s due tn iiiaccessilii- 
lily, nl' dm* tn its neciirreiiee at dail^elMiis pla<‘(‘-^. 
unless s;iiid-«,t«»win.i'' was dnm*. 'The actual wasti* <»!' 
(‘nal that W(‘ ai'e ^niii<; tn fact* in niir Indian miiie-^ 
is Minch mnre : perhaps nl' nnr total coal resrrv. 

( )ii ai'cniiiil ni' the fanlty inctiinds nl' mining (hat 
prevaileil nntil recently, many coal s<.;inis ca(ii!:hi 
fire and maM> are still (‘atehinir lire in tin* old 
wnrkiiic:s. and the tire will trn nii eatinjr np the 
coal I’nr years and years if nn remedy is disenvered. 
"riien ayiain, heinii nnt s:iin|->(o>v<id, tin* cnal seams 
y:et irnaveiD, and eniiseipn'iit ly waler-Intrjjfcd, in 
th(*ir npp<‘r pnrtiniis. In this way it i- uradnallx 
irettinir more and more dilVicnlt, nnecnimmic-d. and 
risky ti» work in tin* ih'eper pnrtiniis uf the sc;iiii^. 
There the miner alwa\s stands the risk nf hcinii 
linnded l»y water acenmnlated in the npjier areas 
which have imt been s;iinl-stnwed nr In's wlmh- enter 
prise mic;ht niie mnriiin;*; he turned iiitn siimke h\ 
the sudden app(‘araiic<‘ nl’ lire. 'The silnatinii is heinu: 
atsirravated l»y the fact tliat hciti’r cn.ds. nsnall> 
nf rare varieties suiijihle I'nr nietallnrj;ieal pnrfinsr>. 
snni(‘tinies ncciirrinir h(‘lnw the II class cnal, are imw- 
a-days liciiiy; extracliMl and used n|i in hiijre (|n;in- 
titii's for l)nih*r liriiit*'. etc. ^I’liey are cniisimicd f«»r 
pnrpns(>s I'nr which tlu'y shniild imt he used. Alter 
their extract inn the wlmle nf the upper layers nf 

I. ( 'fMaviii.i* iMCaii.s siiljsiileiicc ol’ tlie nn'ks ofcurriiij' 
filiovt' the coal scaiii.s to the extraction of coal. Hy this 
all the rocks, up If) surface, arc iisuiilly afrn'te«l. The aren 
hceoines full of cracks aiul aiitanle for accuinnlalioii of 
water. 


rncks. tniiether with millinils I»f tniis nf II class 
cnal. i|nite siii(;ili]c fm* Imilfr hcatini; and dnin<*stic 
plirpnsi*,., jf. alinwed til •»;ii diiwn intn jLJlnal cniisi.si- 
inir el a hnpi'less iiicsv nf rock and cnal dehris IVnm 
whicli there is lu'ver any chance nf an (‘cniinmi(*al 
extraclinii nl cn;il. 'Tims, lint niily is a laru:(* ipian- 
tity nl cnal «iei‘nrrin^' ;it the deeper regions nf the 
niiiii* lat'cd with the damper nf abandniiment on 
accniint nf lire, innndatinn. and tin* pr(*sent-day ine- 
ihnds nl imre.stri(‘((‘d w'lrkin^;. hut many cnal seanis 
neiuirriii^ near tin* .iirhn'e are ahn heinj; rnin(‘d. 

hat I have tried tn explain ahnve has not heen 
said here hir tin* lirsi linn*. .Manx Dritish mining’ 
»*n{j:iin*ers havi* alr(*.*idy prnlest(*d very strniiKly 
riirainst tin* reckh*ss nn*thnd.s of wnrk^n^; nf tin? cnal 
niiin*s nf India h*adino’ In .a hntre and depinrahh* 
waste of the natural ricln‘s nf nnr (‘nimtry. 

Mr I>. Starks I*'i(*ld. .\i!(*iit nf Me.ssrs Ihrd A' 
(’ »’s cniliorii*s, reviews the Inss nf many v(*ry valnahh* 
cnal .sc.'iMis nf India, dm* tn rnlihino; nf tin* lirst class 
cnal frnin nnd(*riieat h. in the fnllnxviii^ xvay : ‘W'itli 
rcjf.'irfl In the •*(m'(*r\at inn nf i*nal and tin* (iradiiijr 
l>n:ird, it sn happi*ns th:it in tin* dliaria (\>al-li(*ld 
th(*rc are ci*rlain thick seams id whi(*h only a part 
i)f the soctiiui has hi-eii 'jradi’d as ‘‘selected**. 
i»r “lii-st class”. Nnw manx cniiipaiiics cannot di.s- 
pnse nf aiixlliiiiii- iiiferinr tn at least “first class” 
graded ciial :it tiu* present d:iy, snlh(*y have iin al- 
11 * 1 * 1^11 ixe* hill In xvnrk fUily the licit (*r-y:radeil sectinii 
i»f the.se s|iams, and h*ave the r(*st, which in some 
<*ascs amniinls tn lit) p(*r cent nf tin* total (‘oal in 
soain ; this portion, in mn* parti(‘nlar iiistam*!*, hein^ 
in tin* upper part nf tin* section, is (*nlir(‘ly In.st tn 
posterity, when the Inwcr and heller part nf tin* seam 
is jrnax'cd. Tin* top pniiinii, aIthnno;h not ofadfM) 
as “s<*Ii-ct(*d ’ nr “lirst class”, f.-ills just slijrhfly 
under tin* (iradiiijr Hoard’s re(|nir(‘ments fni* “first 
class” and is, th(*n*f(»r(*. a v(*rx valmihlc coal which 
may some ilay he wanted. 
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‘'I'licri* :n>‘ ntlu r \vln rc ;i Inwi-i* sr:iiii lins 

Ijocn W'liili* i\ lliit k 

wliirli w:is nm- o|* |)ii> r.iv«»iirih‘ s< ;ini> in lln* .Iliririn 
hfl’nir tin* <l:i\ S nl’ tlic ( lonliliif I5n:iril :in<l 
li:is Ikmii \vnrk«Ml in tin* fiivt wnrlxinir, 

fjills ju>l Ix'low IIh* <ir;i(lin«;' Iinni'd’'; ri'i|iiir(Mii(‘iit.< 
for fiivt « n;il: y< t Hii-; «)1)\ imi^Iy v:ilii:il)In coal 

if? ))c‘in^ wa-lnl l»y I 111* iioMN’iiiLr of (lie 

■<c:iin> bc’Iow.” 

l''oliiiwiii^ arc I lie rciiiai k-> «>l Mr l’'ai'i|ii)i:ii‘ on 
ilic \va>tc of I lie coal roerve of India: ‘’riiaf reek 
le^^ IIIcIIumU lia\e lieeli in i ipera I ion evi*r •»in<*e f lie 
euinnieiieenient oi i-oal inininii' in fiwlia i." \V(‘II 
known to mining enuineer^, linl the cnIchI to whieli 
il has is only known lo a lew who made a -pe- 

eial study <'f (lie prnlijeni. Tlie <*iin'»ei|ii<*nee^ an* 
now appari-nl in (he -nli^Idenet and other dij'a'tei^ 
whieh o<*ea-ionally (hiii.st (hem-el\ e> on the pnhiie 
notice, hnt a more *>erions plia-e of (lie matter whieh 
(he laymen do not ji'et b‘ know i" (he more dillienlt 
and daneei-uii** eondi(i<ne* (liat have resulted in 
eoHien<*s which have been e\p|oit<'d in stieh a 
inaiinm'. K.veii if laive rcserve> of eoal have not b(*en 
irretrievably lo>( (he method^ of proeiit or future 
reeo\‘ery ai'e bound to bei'oine more danireroiis 
and e.xpi'iisive. and (In’-' i> imduniilrMily rellecicd in 
th(‘ im‘rea'‘ed aeeideiil rale and rai^'iiiL' eo^(s as eom~ 
pared with twelve years au'o*”. 

In hi> pa(>er, *’'rhe fntnrc of the .Ih-iria < ’oal- 
riehr\ Mr lb lb Simp'-on. c. I. r.., (he retireil < diief 
rnspector of Mines in India, eniah-mns (he >>astaiiein 
the folIowillLT (ei'in-^: ‘Where (he fthtl .•<<*ams are elo'»e 
(oo;c(her or at a depth exeecdiii'j VaH) feet (he los^ 
of eoal by eollap'-e of jiillars and *‘|iiiii(aneiins (ires 
has been unri'at*. I’'bewh<*re he reniaik'i tp.ll!}): 
‘Year by year (he area^ of workiiciis hi-t mi aei-oiml 
of <*ollai)-es and lires are extendiii'i'. .. rin* dliaria 
(’oal-lield i'i onr only >(orelioiis<' of imi>i»rlanee 

1. SinipsoM. I\. K. — "'rile fiJliin- nf Jliaria C'nal lu-Iii”, 
— Trans. iVi/e ami UrtA Inst . of India, \o\. XXIV. 

pp. nr-ns. 

2. ‘'Some nn ])resi*nt cmiclilions in the cnal-iK'lils 

with ri*ft*reiiei.* ii» anil eiln'-.olnn”. TrartsarHons 

of the Ansodat ion nf CuUivrtf Manner rs in India, Vi»l. 
XVI, 192‘J-iO, p. lo. 


for tifctallurfflral rool..,. If not satifl-sdotred the 

fiilnrc of .Iharia (aial-liehl.s is ‘flooniy indei'd 

Soiiii' of the deeiier mines have already been 
clos(*d iiwino; (o (he prohibitive cost of jMimpin«;. 
riie loss (d’ fully one half of (he coal will bi* 
inevilable'.* 

I fence even at (Im prc*sent ridieidoiisly low priire 
of Indian (‘oals avcraoiiio; at about lbs .*> S per (on, 
India is jroino (n |n>e ihoii^amls of crores of rupees 
Worth of 1‘oal if she does not comptd lua* mininii; 
proprietors (o sand-slow (h(*ir mines. 

Sand-stowino; would make* the coal expensive. Mr 
Faninhar puts the sand-<towin«i: expense ajiprtixi 
mately at I»s 1 pi-r (on of e(»;d." If'I reim'iiiber 
eorrcj-ily, .-ome time a;io Mes-rs Mackie ami Simpson, 
'•iiLT'ie-ted that if done on a laroe scale (In* cost mii^ht 
emiie <lnwn (o I'veii - S - pel* toll of eoal. ^To avoid 
unfair <*ompet it ion it is m'e<*ssaiy that ‘•aml-stowinjr 
*^honld be made (‘ompnlsory to (‘very mim* of tii'st 
ela**- or sel<*i*(ed i»ra(h* ei»al. ( \msideiiny: that about 
'2 lbs of <*oaI an* eoii'^nmed now-a-days in the modern 
boilers to •icnerati' I h. p., even an im*rcas(‘ of about 
a nip(M‘ p(‘r ton in the fuel bill of the indn**lry is a 
very small ammmt. Ihit, on (h(‘ otlnn* hand, tin* 
etinntry will -avf* many er«ir(‘s of rnpees. the 
piirehasiiiii: pow(‘r td India will eo np. and othi‘r 
iiidn-'t ri«*^ will prolil considerably, if eoal. .i iri’eat 
ii.ilnral wealth (d’ India, is ^aved. 

Some (iim* airiL Mr dohn Henry pointed out : *'rhe 
working: of irreat coal "eams jd' thi*> l•^^nntry has 
resnlled in a confe-^M'diy immeiisj* w.istai::*, almost 
imp.’irallchMl eUewhcrc. This wa-taLi’e. whatever la- 
the caii'c. i' a scandal lor whieh I In* ‘|»re'-:ent oem'ra 
(iini will nllinnlely be called to account.... “( 7V(/>/.sy/e- 
tions uf //. " Mtutufj ti' f intltnflnit liisilfulr of Indio, 
V(d. XXIV’ pp. ll!l-rjl>). .\o 1mm. Ill beini!: has any 
riirht to w.i^te any natural riches and it is all 
the more a ( lovcrnment’s duty to safeyinard them’. 
(('. |•’orresler, Lor. rfl. p.rjO). All well-wishers 
«d' India, ."peeially the ('cido^^ists atid mining 
engineers wh«» .are intimately eoiineetfal with 
miin‘ral industry of mir <‘onntry, slionhl reali/e 

1. rii pp. tIO-IKi. Katies mine. 

2. I'.'inpiliar, A. ■ “S.'incl-stowin^ in lihuwiuh Colliery"; 
Trans. Min & Gvol. Inst, of India, Vol. XXVI. P).K. p. 7*1. 
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llie <ljin^rr, (‘xpl.'iin il projxTly !•> tin* (lovcriiiiiriit 
jiml iirirr tlifiii io iiiirnilm'i* :i hwv prohihiiiii^ 
iln's \v;islo ol’ n:itinn:il 

i‘ ms Imv** l)c*cii tli.it Imli:!*- 

i‘n:il iN*sri'v<* is ilili*. ^ "riii'. in iiiv 

ul>ininii, i.s ijnl (jiiitc »-on«‘<*t. At tin* I>:u k *»r tlio*- 
sii}_^jTcstiniis Ijiy tlic i<li‘:i tin* foii'»imi[)(ioii of ninl 
in IiKli:i wniiM in rntiirc i'(‘ni:iin ^t:itiiin:ii y :it tin- 
prc.'-fnt liLiiirc. 

I'miii tin* ^riipli ujivi-ii mi p. ’JIJ.'i \vlii<*li r< pn‘''« ni- 
tlin Minmints oi (mi:iI miscd in fn(li:i (iiirinv: (li(‘l:i*'t 
.'0 yn;irs (ISStt tn in.ltl ; /.Vv. (i. S. /. Mr K. L. (i. 
Simp>oii*s president i:il Miiiiinj; tV: ( leolnirie-.d 

Institillr nl' ln<Ii;i. Mfjn) il will lin >e<‘n tint '^iiie<‘ 
|S!H) the mit|mt li:is ^•^lnti^nml>ly ini*ri‘:i><‘d. 'I'licre 
;iiv Mime minnr disei eji:in<‘it‘s. ;i> in Ixii 

lids w:is due Id exeitinn l•dndilidn■s pre\ :iiliiiu: •■•H 
dvrr tin* wnrld nil :M*i‘nmil nl' llie \V:ir. 'riii" dvcr 
rapid prndnctinn iiad :i natiir:d (‘nllapse and tlie 
mitpnl (‘aiiM* Ikm'Iv In the rn^iiiai' nirvc in tin* 
rnlldwiiiLC yrar.'' ami inc*rea.«'«*d jLiradmdIy alniiji 
I lie i*iirvn. 

India is still at tlic iidaimy nl' lier indn^irial dn- 
Vnlnpnieiit. Ill tin* wnrds nl Sir ( '. \. liainaii, ‘Slie 
(India) llli" tn depend (nr evers t llinir e\<*epl her Innd 
resnliree'. nn the indll-<lries nf (ll<* nllier parl^ 
nl'llie wnrld. As an iiidnsi rial (‘mnitry she is still 
all iid’ani. The years In enme will he >ear'' 
111’ eeniinliiie reeniisl met inn nl In<lia . ( 'nal i.- 

I ((/) 'TIk' tjii.inlily of cn.'il iisM.illv «li'>eiilM il .iv II 
is l>i:u'ti< MlIy iiu’\li iii.slil»1e jijul oaa In* in lln»n 

sainlvi of «)f imis... ,M lln jne^eiit i.ife i»f om]iiit 

llifK* is ant aior«* than 100 yi'.us su])|il\ ot (ir^t 
eo.'il .availalih* at a nnulcrale ilejah”. V. Hill .S: K K. 
Simpson, Mciiiau' (i S. I. \’nl. \1.1, ]».ts 

(fi) “In the reeently pmve.l pnitime, ..f ih<- Jh.iri.i ami 
Riniieiinj lh*lils and in the I’nkam .ind Koraapur fiehls, then* 
is at least .> Ml years' siijiply of enial (pnlity of enala\.e.l- 
al>le’’. ■ J. C. Ihown, “Indi.in eo.il pTxddi-tn". !inUiltnnt 
/rtdiati Ind/fst/ icy f,fih>nr^ Nn. .hi, p. 1 1 

(r) “Only 2% of the eoal eont.iined in tlie jhari.i 
Coal helil has been e\ha\isi»'d up tn the ]ire^<-nt .Mhiwiii” a 
Vjin uiarj^in, il will he seen that \v<'ll o\er f»f the cn.il in 

the Jliarii Coal-li«*ld is still einheiMed in lln* « arth ..I think 
that there is still a hmij fnlnve in fmnl "f the <i..d 
influ.slry in Jh.aria’’ -Dr. I). I> I’ei-aiaii, '! ransucHoHS 
Mining & Geologictil Institute of India. Vol. NXIV. 


ne«*e»ary Inr evei-y indiisirv. At the presiail inn- 
iiieiit only a "mall iVaetinii <d' the tntal need ni' 

tin* eniiiitry in irmi n,uids, piet*e mnnil.s, enpjier 
minds, i*te., all id' whieli enii'iiiiu* lnii;e ammilils nl' 

ei-al I'nr llu'ir mamdaet lire, i< prndiu*ed in 

iiidi.i. riiminli India [irnhahly pn‘»se."se'^ till* 
line-.| irmi me depn-^ils nl' the wnrld, emive- 
iiieiilly "iliialed near Im'I- enal ami rMaii.u:mi(^'^(' 
miller, ■-lie <.|iil iiiipnrls ill ava rai^e .“iD emn s of rupees 
wniih nl irnn :iiid "li-el iiialeriaN aimiialiy (lire. (i. 
S. /.. \ 1,1. LXIV. p. I I.")). Ill lirjf -III* impnrhMi 

h^'J.tltiO imi-N and in l!i;Jii, !i!is.ili)l) tmi" nl' steel aiui 
"leel |)indilel.- wliili- '•lie IierM-H pi'mlueed *J|(),00() 
ami .‘illll.tHHl |(,||>. re-peel ivelv in tlie-e Neal's. (.Mr 
I. I\. .\aii', pre-ideiit i:d adilre--. the (lenl. Min^. tVr 
.Melalhii'nieal Sf>eie|y ut Iinlia, l!)*-?S). She iinpnrls 
ahniit 1 ernre- nl rupee- W"rlll nl enppm* and l)ra."s 
:ind "lilell- nn an :i \ era'je niil_\ :ihnilt ’JlhODO tons, 
wnrlh ahniii |{- Ml l.akh-. ihmiirh her I'e-erves art* 
lairl\ hit:. imnnri- even Th lakhs wnrili nf <*nal 

;iml niher fuel-. 'I'lni'e i- tliii" in this <‘niintry 
.‘III emniiinii- -enpe In/* imhi"lrial deveinpmenl. 
ami il will -till lake maii\ years hefm'i* the irrapli 
heemne- a hnii/nllt.il line "hnNvine mnre «ir 
a emi"i.ml aiinamt nl enal heiuLT raiseil <liiriiii>: 
"iieee-sive dei‘adi‘". 

^’liii". a''"iimiiiL»' a sp-ady deveinpmenl nf the 
imlii'lri.d and eenimmie enmlitinii nf India, ami 
pe.iee and iram|idllity r(*io'niiiLf in the I*an[iire during 
her (*vnliil ii»n. th" enal enii^miipl imi, aeenrdin^ tn the 
eiirve, reaelies tin* lIM) miliimi ttni- h*ve| in /. c. 

ahmit 1(111 ye.ir" heiiei*. 'This mieht appe.-ir rather 
tnii imieli. Iml ilii" snrt nf im*rea"e in a fairly slinrl 
Iierinil is mdliiiiLr exlr.inrd inary I'nr a <*mnitry Nvilh 
I .'inf the pnplll.'llinn nf the earth. .\ (‘ninpari.snii 
with the I nited Si.ile- «d Aiiierii'a may hr* insIriK'tivr*. 
Ill iS!)() I . S. A. mined til millinn tmi- nf enal, in 
l‘ll'J her t*ilal enal pmdnetinn wa- ahmit ITT millinn 
tmis. :ind in I'.rJJ. no I millinn tmw. That is, her 
(*nal priMiind inn inere:i"i'd hy :d>nnl I linie.s in the 
emirse nf ahmil .'10 ye;ir>. { I hinm-iihr-rL’'. tiridnt/ir ftcr 
Sh iithnltlrnhiiji I*ar( II, pp. I and 111 iV: Spnrr 
Wnvm.M'i’, Murl.rlinff Iff U/nem/.s, ( 'hapter nn i*o;d). 
It is tiierel'ni'e lint liiipi'nliahh' tliat ln<iia may mine 
n timr*s it" present mit])iit nl' enal a r*en(nry lu*nee. 
and at tiiat raP* fin* < n;d re-ervr> nf India will mily 
la"t another ‘JOtl year'. 
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'I'llis i> oi)ly OIK* i)f rojil ocoiidimv. TJk'IT 

is still Miiotlirr |)li:iM> dI' it, inori' vitallv inipniMaiit t<> 

I tli(* fii(li:iii rijilioM. TIm' inm ••n* of riidiii i> 

:il)<)iit .‘i,<)t)l) iiiillinii tons (N:iir), l,7(iS niillioii tons 
(Pjiscon), ninl million tons (I*'o\)^ tlin*** 

tons of «*okin!r rojil i»ro(lin*i*s “J| tons of <'4>kr .‘ind 
:il)ont I ton of i> nccfss;iry for tlio nK‘tniliir^:y 
of oiw ton of iiHin ore. 'riicrefon*, wliielu'WT of tin* 
:il)ov(* lie;iir(‘> ni:iy In* tiikeii into con^ideiMtion. it i> 
<|ilit<* clear that tin* <*ot»kinLr <*“al r<“'<*rvc of Iiniia i" 
insiini(‘i(*nt.‘^ 

\Vc |n)sscss a line tr:nlilion of iron nietalliirjry 
anil liavo in onr country tin* liiie^t iron and nianira- 
nese (»rc (lc))o>its of tin* worlil within easy I'cadi of 
nictallnr^ica) roal. f'lnler i)ro|)cr ^niilain'i* Iiniia. 
which proilnrcil tin* fanions A>oka pillar ami on<‘<‘ 
supplied mo.'-t of tin* steel for tin* Damask blade-., 
can ajjaiii put hcisclf in tin* forefront of the iron- 
pi'odncinti: ('oiintrics of the world. Ifl*. S. A. <*an 
prodiicf* It) million tons of iron per year then* is no 
reason why India al.so eaimot di» the <one. 

Ihit before we n*ach the status of an important 
iron-i>rodiicin«r country, we shall have to sec that 
onr insiillicicnt eokinu: coal resc‘i*v(‘ does not die out. 
'Phis coking coal, like coal in licneral, is jLrr*ttiny: the 
same stcp-inothcrly treatment in the hands of tin* 
present-day mininir industry. Most of the 'JO to JJ 
niillirni tons of coal that India is minin*r now-a- 
days is hei- nn‘talliiru:i<‘al <*oaI. Iv\c<*pi a very small 
part of it, tin* I'l'st is all burnt in locomotives :ind 
boilers, althoii;ih it has been mentioned so many 
times that ‘‘the supplies of tin* lirst ela^" i-okiny; coal 
are insiillieient for the fnliire r<‘i|nireiiients of tin- 
iron and steel indii.stry^’ of India.'' If. followinjir 
Vair iV: l^ascoe, the tt»tal cokiny: coal I'cserve «if Itniia 
is taken to be near ],0()t) million tons, and tnily hail 
of it wen* jirocnrable, then even in near fntnre there 
would be a scarcity of nietalhire;i<*ai coal in India. 

Accordin*^ to Ih'own ( ///d/V/// ('ottf Pnthh in. p. l.’P. 

I. A. 'l\ Nair, 1^12 million tons. I.uC.vit, p. 

Sir II I’asrne, ims nii1]ir)M hnis, Itiditn/ cotil pm- 

hlfim, p 1 .1 

C.'. S. .i'M.'' iiiitlion ii^iis, AVc. G.S.f. \'«>I. I.XIV, p.n. 

2 & .i. “Iinlian coal staiislics". Suptileinent lo tin* ///dmw 
Trade Jonrn ’1. Dec. 1, PMo 


‘“'rhere is cnoiijLrh t-okin^ coal in India to supply the 
irmi industry with / tuiliinn of tmis of metallurgical 
coke per annum for tin; ne.\l loO years at Ica.st’’, 
His calculation is ba.s(*d in the tirst instanci* on Sir 
Kilwin’s (itjurcs foi the total (|Uantity of metalliir^icai 
tMial in India. Ihit his estimate of 1 nO years di Hers 
fr(Hii mine ln*(‘ause fin* consnm|)timi of inc*tallure;i<‘al 
coal is )L;oin^ on not at tin* rate of I million Ions, but 
at tin* rate of about JO million tons a year and is likely 
to increa.sj* in later y4*ars. As a niatt(*r of fact, even 
iiejrhM'tin*; the pro«rrcssive increase of consumption, 
as pointed out by me. and taking: the future rale of 
4‘oiisumption at the pr(*.sent actual li^rnrc of 'JO 
million tons <»nly a year, Iirown’s estimalt* of the life 
of metallnrirical coal redm*<*s to only 00 years. 

'rime will eonie, as Sir K. II. Pas«*t>c predicts, 
when India will be snl1i(*ient ly d<*ve|oped indn.strially, 
to capture a (‘onsiderable part of the wi>rld niark(‘t 
• d* iron. Ihit it may be* that by that time w<* shall 
liinl ours(‘lv<‘s in a hopeless situation with regard to 
coal. Our iron »>res will be useless if we do not 
import 4*oai from outside. Inmn*diat(* att<*ni|»ts 
'-houhl lliert'fore be made to pi*e^erve at least the 
ni(*laiiureicai coals of India. 

Indian legislators arr* doin^* their utmost to 
pn*serve and enconr;ii;e tin* ir«m and ste<*l indnsti'y 
of India. 'I'he stei*! industry is re(*eivine hamlsonie 
bounties, it is protected by mean^ of a tarllV wall and 
r(cenlly it has bej-n iriveii even a higher pri<*e. 
Kxaetly similar favours are Mece--sary for Imlia's 
cokinii; coal. Ihil n -diiiijLi' done to protect it 
althonjL:h tin* sIim-I industry is vitally r(*l:di*d to and 
solely 4lep(>ndent upon coal. No (UH* ill tin* L«*«;isla- 
tive .\ss4*mbly s(M*ms to reali/.e that India's cokimr 
coal reserve* is j;oinjLr t«) vanish perhaps within onr 
lifetime, and ail the capital involved in st(*<*l indus- 
try ami all tin* money spent on a<*connt of its bounty. 
et<*.. will be absohit(*ly useless if metallur!ri(*al coki* 
is not «*ons4*i*ve«l in the country. 

It is not easy to siiee'cst a <‘h*arcut renieily. lint 
om* or other of tin* I'ollowiuj^ may probably be found 
suitable: 

II). 'Phe i*o:d mines, especially those of im*talliir- 
irical <‘oal. may be nationalized. In addition to the 
usual ('(‘onoinic workin<; of tin* min(*s by the State, it 
may open :i new deiiartmcnt <*alled “Coal I.ssuc 
Hoanl” .similar to “Coal (jrailinsj Jh»ard“ to wlnun tin* 
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public may submit spccificaticm of their necessity 
and the Issue Hoard will dospateli only that coal 
which in their opinion may be considered suitable 
to mc(‘t the requirements of tin* party. 


01). The CioverunuMit may not use metallurgical 
coal for tiring lo(*omotives and boilers. 

(1). A bounty may he granted fur sand-stowing 
and for similar eeonomi(‘al working of mines. 

These i)roC(*dures might stop the present policy 


r.RAPH 



(21. The metalhirgi(*ai coal may be sold to the 
public at a ])rice of I or 2 rupees above that of the 
ordinary steam coal and the higher pri<*e so re.ilized 
could be spent uu<ier s(»ine sort (bivernment 
supervision for san 1-stowing. 


of killing the hen laying golden egg; be«*anse, it may 
tend tf) (h'eri'ase tile sale of melallnrgieal (‘oal and 
increase tin* lib* of Indian mines.* 

* Rrail before the ( icological. Mining iS: Melallnrgieal 
Society of Imlia on the 2Sth .AngiisI, 
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Illumination - Past and Present 

(Conlinurii from Ihp. laat ihuvpI 

P. n. Ciliosh 

Chrinh ProfcRsor at ApplK>d PiiyHics. Calcutta llnivcrHity. 

TANTAr.i M lins ;i iiicltinjx point iiciir jilxHit .‘5000° K. so-callctl ^:is-lill(‘(l lamp. From an milpul of S 


Mor<*ov(‘i* its rcsistaiKv* in<Ti*asi*s with tcmpcnitnrf so 
that while hot it has a hiirher resistain'c than when 
ct»hl, a pro])erty which is of jjrreat nst* in increas- 
iiifj the steady value of luminosity. Thoiijrli in l!)t)5 
tantahnn lamp was brought into the mark(‘t, it 
was soon found that it liatl anotlua' (‘onipt^titor. 
This was tnn«rst(‘n. Tnnjisten is a very impor- 
tant m(*tal. Its womlerfnl properties in impart in*; 
hardness to steel were alrt'ady well known, lint to 
secure line thre.ads such as what eonhl be used as 
lilament was newer reali/e'd till Ikdton >howed tlie 
way. Now si'veral million miles of wire »d‘ tnnjrsteii 
have been elrawn by strongly heatin*; tnn^steai oxide 
in hydrogcMi atmosphere and pressing it in hot eoii' 
dition and drawing; through saphin* dies to the* de- 
sired thinness (d‘ the wire*. Tiinjrsten wire has a 
melting point near about .‘5.'500°K and it (Mndd easily 
be heated to im'andeseenee at a tempe'ratnn* near 
alwait 2.’)00°I\. 'I'he eairve showiiiir tin* hiniinosity 
and temperature is shown in tin* pi<*tnre (lijxs. 2, ,‘5. 4)- 
Ijin^sten wire {rradiially iin*n'ased the liy:ht output 
of a lamp from 15 limn'iis per watt to about S Iiiiih'iis 
in an ordinary vaeiiiini y:lobe. 

It was, however, Ibnnd that :i lar^e portion of 
the ener»ry jrciierated in the filament was beiny: \va>t- 
ed away in the vaeinnn eneloMire and soon a limit 
is reaeInMi. 'Hie temperature of the lilament could 
be raised up to 2.400° K without shorleniiijr the lib* of 
tin* lamp. 'I'his n'sidts in a (lelinite hmn*n value. 
The first attempt to inereas<* tin* luminosity is din* to 
the th(*oretical work of 1. Langmuir who iutrodin*ed 
the ran* j^as arj^oii in the bulb ami these inert «jas 
molecules served by the pressure on the filaiin*nt to 
kc(*p down the heat dissipation to a lai'i^e (*\tc*nt, but 
his ^as-lillin^ natiirdly had a <*oolin^ ellect- on the 
rdameiits as they are disposed of in /i^/a;; fashion, 
lie sn^^(‘sted the eonc(*iitration of the lilament in 
the form of a spiral, and thus we have now ^ot tin* 


lumens p(*r watt it has now been possible to reach 
an overall (‘llicieney <d’ 1 1 lumens per watt. Ibit the 
|>ronrn*ss in this liin* has b(*eii fiirtln*r achieved by 
spiral i/.in^ the sjiirals and we have now j^ot the so- 
called eoiled-ctiil lamps, of about 1.‘5 hnnens per 
watt. This has b(‘en secured by further con- 
<‘entration at the hot lilann'iit and fiirtln*r sto|)|)in^ 
the dissipation of heat and in iin'ri'asin^ the elli- 
cit*ncy. Wi* havi* imw rea<‘hed praclh*ally to the 
present state of incandescent bulb lijrlitin*;. I5esid(*s 
tin* bulbs of the n<nal p(*ar shape*, from tin* tiny h(*ad- 
lij^ht of a motor car to that of a torch, bulbs have 
now b(*(*n constrnet«*d capable of witliHtandinij: :i wat- 
tajre of l.'i.OOl) so that in point of brilliance* and snr- 
fa<*c* of jrlow it has become a fair riv.al to tin* an* 
lamp for lar^(‘-area illumination. 15t>sides, the shap(*s 
<if tin* lamps have* ninh*rc'oin* various modirn*ations 
lor d(*cor;it iiijL^ purposes. 44n* archit(‘clnral lamps 
.‘in* in»w gradually c^ettin^ more* and more into 
promiin*n(*<* in whi(‘h tin* lamps an* b(*nt into various 
forms and shap(*s ami behave* like* himimms mds to 
fit the* ^e‘ne‘r:il ele‘e‘e>ration eif pnblie* buildings and 
e*ve*n resieh-ntial ejiiai’ie-rs. 'Thns far we* have* e’eiinc 
tei tin* e*nd eif emr tale* so f:ir as ine*and<*se*ent li^htin^ 
is e'e)m'erne*el. Its main elefect e*vf*n in its most etli- 
<‘ie*nt form is that alemy: with the lij^ht more* than 
7t)"/ e»f bs e‘in*rjj:y is transibrnn'el intei h(‘at which is 
wasle*el from the* li}rhtin«r point. e>f view. Seam* 
dervice*, the*re‘fore*, of illumination with imin* e>f lijrlif 
anel less eif he:it wenilel n:itnrally be im»re de*sirable. 

In the* early se*ve'ntie*s of the last c(*ntiiry I liteiir 
ainl Pliicke*!* miiie'cel that e*h*e*frie* elischarj^e eif snlli- 
e*ii*ntly hijrh voltajre* e*oiilel pass thnin^h tnbe*s if jxas 
insieh; sne*h tnbe*s we*re* in a ran*fit‘d cemdition. Thear 
jjflassbleiwe*!* (jeissh*r preKlnc(*d curious fantastic tubes 
eif varieais type-s ainl e)f ce)Ie)nreel glasses thnai}i:h 
which the* dise'har^e* at hi^h potential pnxliiced 
be*aittiriil e*ole)nr e*iTecls. Feir a. lemj; time* (Jeissler 
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ILLUMINATION— PAST AND PRESENT 

carbide is too well known. Tin* bandy aootyloiu* 
lamps wbicli ran withstand ordinary draughts havo 
found a ready iis(* where t(*niporary ilhiininatioii of 
fairly hi;?li intensity is in demand. 

We do not really realize tlm amount of li^ht that 
we actually f^et during the day-time. At midday in 
June or July the ilhiininatioii dm* to sunlijrht reaches 
the tremendous li^iin* of 12,001) ft candles in onr 
tropical clear tlays. Kveii in the midst of an indus- 
trial city tin* H;xiire is about 1,000 foot candles under 
normal conditions. Inside a room in an onlinary 
bright day at ('aicntta not very <*lose to a window 
in the ground iloor the usual figiin; <‘onn*s to about 
2o foot candles. On any gloomy day tin* light varies 
in tin? dillerent portions of our laborat<iry, but it has 
never l)een found to be b<*low 10 foot candles. This 
gives an idea of tin* usual illumination that we enjoy 
every day. 

Now let us consider the type of illuminathm 
that we nsf* in our house (*ither for g(*in‘ral pur[M)S(*s 
or for the pur|)oses of r(*ading. In a recent attempt 
to ascertain this fa<*t(»r it was found that in an 
average room of ir/Xl2' with two lights of (it) watts, 
tin? floor illumination never ex<*eeds 2 ft candies. 
Recently there has been an attempt to determine 
the actual value <if light as reiiuired in diircr<.*nt 
public places. Smne results are given below. 

Factories 

( )n the .space : Recoininendeil ilhnni- 

nation, In.x, (average) 
10 linn. I ft candle 
(approx.) 


(«) 

Roadways, yard thoroughfares. 

10-5 


Storage spaces, aisles and 
passages, etc. 

80-20 

On the work ; 


(r) 

Wh(*re dis(Timination of detail 
is not (‘ssi'iitial 

50-80 

, (rf) 

Wh<*re slight diseriminatioii of 
detail is essential 

80-50 

(c) 

Where moderate tliseriminalioii 
of detail is essential 

120-80 


(f) Where chwe discrimination of 

detail is essential 180-120 

(ff) Where discrimination of minute 

detail is essential 1 000-1 50 

Schools 

On the space : 


(1) Walk, drives, etc. 10-5 

(2) l^laygronnds, outdoor, if used at night. 40-20 

(.‘1| Playgninnds, outdoor, if used at 

night for basketball, etc. 120-80 

(4) Sbn-.igc spaces passages, not 

used by pui>ils. 20-10 

(5) Roller rooms, power plants, and 

similar auxiliary space.s. 80-20 

(()) Stairways, aisles, exits, elevator cars, 

washrtioms, toilets, locker, spaces, 
dressing rooms. 40-20 

(7) Rccre.-ition rooms, gymnasia, 

swimming piuils. 120-80 

On the work : 

(S) .\uditorinms, ass(*mbly rooms. 40-20 

(0) Anditoriiims, assembly rooms (‘tc., 

if used for class or study 
purposes. r20-(l0 

(10) (Mass rooms, study rooms 

(desk tops). 120-00 

(11) (Massroonis, study rooms (chairs, 

black-boards). 1 20-()0 

(12) Libraries (reading tables, cat). 120-80 

(18) Libraries (book, helves, v<*rti- 

(*al plane*). (>0-40 

(II) liaboratories (tables, apparatus). 120-80 

(15) Manual training rooms, workslu)ps. 120-80 

(10) Drafting rooms, sewing. 150-100 

From the figures abfive mentionc<l it is evident 


how low tin* light values we are at present working 
with are. Tln*ro is a common prejudice prevalent 
in this country that better illnniiiintion has led to 
hnvering of eyesight. It may b<! trno that glare of 
light is not salutary for the eye but when we consider 
that the eye wliich is accnstonicd to work with 
20 to 80 ft candles in an ordinary living room in 
tin? <la>’-time keeps p(*rfc<?tly well, it i.s difficult to 
believe that little illnmination during the evening 
hours can pr(*jndu*iaily aflect our eyesight. 
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Tea in Morth East India 

P. H. Carpenter 

Chief Scienitfle Officer to the Indian Tea ABaociation. 

Early History 

Tiik ('Jirly history of to;i is lost in tin* inytholo^;h‘:il 
loifoinls of iiiicioiit (’liiiiji but by tin* fourth <‘<*ntiiry 
A.I). t(*Ji tirowiiiii ill (^hiiisi had d(*volop(*d to fin* ox- 
tf'iit (»f boiiifi; rocojrnizod as of agricultural importance. 
Ft was probably about this time that t(*a drinking was 
introduced into »)apan, Imt tea culture was not intro- 
duced before about the ninth eentury A.l>. 

In the sixteenth eentury A.i>. Kiiropean Iit(*ratiire 
eoiitains a number of references to tea, but it was 
not until the Diiteh brought t(*a to TFollaiid at the 
hcifinnin^ of the 17th eentury A.n. that tea drinkinjj: 
was introduced into Knrope. From then onwanis 
the coiisimiptiofi of b‘a has jrradiially iiicr<*ased. It 
beeame a fashionable drink in Fn^^land about llWiO 
and has coiitiiineil to ^ain st(*adily in p(»piilarity. Tea 
at first was hroii^fht from China with perhaps a small 
(inantity from Japan. Only aft<‘r the monopoly of 
tin; (Miina tea traiic was lost to tlio Fast India 
(.^uiipany was serious (‘onsidcration j^ivcii b* the 
possibi]iti(*s of jrrowinji tea in India. 

Fn IS-J ^Fajor Robert Rrnce buiiid indi[r(‘nons tea 
jfrowiii}^ in the hills in Assam. Flcvcn years later, 
in ISJI, the Tea Committee reported that tin* tea 
shrub is, beyond all doubt, indij^enons in Cpper Assam. 
Dr Wallieh, a member of (he Tea C^^mmissinll 
apiiointed in ISJo, lo<>;ically arj^iicd that since the 
native plants were a<*tnal1y t(*a there was no need to 
import the China tea seed. The Commission's first 
attempt to ^row iiidifjenoiis tea seed on a sand bank 
of the llrahinapnlra resulted in a failure, but another 
attempt in J8d7 to j^row indifieiioiis t<*a at Chubwa 
IS miles from Dibni^arh met with jfreat(*r siieeess. 

F^arly opinions upon the relative values of indi- 
genous and China tea Avere divided, .so that many of 
tlic tea ganlons of India were planted out with China 
tea seed. Ft has taken many years for thr indigenous 
varieties to replace the Cliiiia typo and even today 


there are still ar(*as of the China type to he found 
in all the lea districts iif North-c;ist India. In 
Ihirjeelinjr then? is miicli nf the (’liina varieties .still 
grown. 

Botany 

'I'Ih* t(*a plant Thv.u Sit/ntsis L. is a tree or 
.shrub that grows at limes to a height of IM) ft. 
Tin* leaves are alternate and evergrer-ii. 1'lie h'ligth 
of the mature leaf varies fmm 2 " up to l*J inehes in 
lengtl). Tiie llowt*!* hiids originate singly and in 
clusters from lc*af axils. The thjwers are wliite about 
1-lJ inehc's in diameter having 0-7 perinan(*iit sepals 
and n-7 p(‘tals forming one ring. Tlie .s(am<*ns arc 
mimcroii.s. Tlic anth(‘rs an* tw»)-ccllcd. '^riie ovary is 
hairy and .‘b and r)-(*cll(*d. The style is glabrous 
brownish gn*cu in colour and about ];{ inches in 
diameter. It is nsnally lhn*e-lobed witli J .secd.s. 
The .*<ieed is brown in t'olour, smooth, about i ineh 
in diameter, spherical or llaitcncd. 

Owing to tiie lack <»f snllicicnt investigation 
opinions ditVer abf)n( the varit'tal divisions. Sir (leorge 
Watt recognizi'd four primapal varieties, (^)hen 
Stuart diflers in his (*]a.ssilieation from Sir (Jeorge 
Watt but gives a (‘la.s.sitication into four or more 
gn)nps. 

(.M)hen Stuart suggests that th(* original home of 
the tea [ilant is prohahly in tin* jnngl(*.s of Soiitlicrii 
Yunnan and Cppei* Fiido-fMiina Avh(?n? tea is found 
in the Avild slate. 

At Tocklai four ilistiiiet types of Avihl t«*a luiA’c 
been reengiiized and iierliaps a liflh wild ty[)(* ef>rre.s- 
pimding very elosely b) the (‘lassitieatir)n of Sir 
(ieoi'ge Watt. 

Of tin? indigi'iions tea there are tAVo main types 
eonimeri'ially recognized — the om* hasIeaA'es of alight 
green eolonr, Avhereas the other has leaves of :i dark 
green eolour. The latter is eonsidered to be the 
hanlier and to .sulFcr I(*ss under severe elimatic coii- 
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(litioiis, wlicMvsis tlir* vjirioty KCMiorally is 

<*<»iisidt*rc‘d to jjjivi* tlu* hcttiT quality. TIkto ai*o a 
niiinlioi* *»f ditVon-iit varieties witliiii tlicso two main 
typ<'s so that- it is jaissihlc to Mud a dark-l(*af<Ml 
vari(‘ty j^iviiiir l)f*ttc*r (|iiality than a li«r|it-l<*af<Ml 
varioty. ( )winjr t«» tin* livclit-lc*af<*d jr<*ni*rally Iwinj^ 
l(!ss lianly its iis<* has been larj^ely restricted to 
th(* Hrahnia|Mitra N'alley when* (‘liniatie eon<liti(»ns 
an* less sevi'i’e than in the Siinna Valley and the 
I>ooars, the dark-IeatVd type bc*injj: nion* generally 
used iind<*r tin* more severe elimatit* eoiiditions. 

Climate 

Tea will j^row niuh*r siieh ditVerent €*liniati(* 
<‘onditions as are t<i be foinnl in Haiiehi with 
a maximum t<*niperatnre of llo'^’K and Darjeelinji; 
with an averay:** niinimnm temperature in flaiiiiary <»l 
It however tlonrishes in a tropieal or a sub- 
tropieal elimatf*. 

The elimati(‘ eoinlitions ree<»rded at tin* tea <*X“ 
periniental stations of India, Ceylon, and Java ^ive 
probably a j^ood jriMieral averayre siin*e all the stations 
are situate<l in the t<'a-y:rowinj£ areas. 

Teiiiper.'iture •!’. 


The average monthly rainfall for the same stations 
is as follows : — 

Rainfall in inches. 

Tocklai Nellakota 



N. 

IC. Iiulia 

S. 

India 

! 

R.ainfall 

i Wet flays | 

Rainfall 

1 Wet days 

J anuary i 

1-0 

5 0 

04 

2 5 

Fehniar}' 

1 4 

74 

0 3 

1-0 

March 

3 0 

100 

0*2 

1*5 

April 

«-3 

15 7 

32 

9*2 

May , 

1 9-0 

18-4 

112 

16-7 

flltlC 1 

1 144 

222 

11*2 

24.3 

July 

15 1 

23 5 

18-M 

290 

Anj»ust ! 

! 143 

220 

18*3 

270 

September 

i 10 8 

19 8 

154 

20-3 

< )ctol)er 

46 

10-9 

10*2 

208 

NovtMiiber 

10 

40 

28 

8-5 

J )ecpinber 

0-4 

2-3 

12 

40 


84-3 

161*2 

932 

165-8 



St. Coonibf 
Ceylon 


Ihiiten/.or;' 

Java 



Tficklai 



St. Cfiombs 

1 Ihiiteti- 


Rainfall 

Wet daws 

! Rainfall AV'et ilavs 


N. K. 

IiiiHa 

imiia 

Cevloii 

; 







1 

Min. 




Min. 

Java. 

January 

5-8 

14 2 

169 


■ 


Max. 

.Max. 

Min. 

Max. 


l*cd>ruary 

.3 1 

90 

154 


i 


January 

70 

50 

78 

59 

! 72 

57 

754 












Match 

4-5 

14*0 

173 


I'Vbniary 

73 

53 

I 84 

59 


53 

7,5 6 

April 

6 2 

13 2 

156 


March 

79 

60 

85 

63 

76 


76 1 










1 



.Mav 

140 

21*8 

140 


April 

83 

67 

85 

66 

75 


77.0 

Juno 

10-3 

26*8 

10-5 


May 

86 

72 

81 

66 

•' 73 

60 

77- 1 

Julv 

121 

256 

9-7 


June 

89 

76 

75^ 

65 

70 

60 

770 

Aiij.>ust 

1 

i 8-8 

260 

9 6 


July 

90 

78 

73 

64 

69 

1 59 

770 

Septemher 

j 6-3 

19 2 

i 12*7 


.\Uj'U.St 

89 

! 

78 

74 

64 

71 

; 59 

77 I 

ftetoher 

1 

1 12 6 

26*0 

, 167 

1 

September 

: 88 

j 

I 76 


64 

71 1 

1 58 

i 

77 5 

November | 

72 

19*0 

1.V9 


October 

1 85 

7J 


65 

71 i 

58 

77 5 

December 

33 

14 5 

! 156 


November 

78 

60 

75 

63 


57 

760 







Deceiidjcr 


51 

76 

i 60 

i 73 

! 55 

759 


942 

2293 

169 9 

219 
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Soil 

TIk* tosi s«>ils of Nortli-oMst India an* ji:<‘!U‘raIly 
alluvial, oxoupt tliosi* in tlio I )arjf’oliii«r disfrirf 
and tlio tc'olas of tin* Snrina Valloy, \vlii<*li an* of 
sodontary fonnation. In pliysiral t<‘xtiin* tin* soiU 
vary botwvon wido limits as (*an lx* jiidtrod by tla* 


following typical an.*il\ 
t(*:i j^rows well : 

ses on 

all of 

which 

soils 


Mai fland.l 

Red 

riny 

Peat 


|)vr cent.| 

Bank 

Flat 

Bhc-el 

Co.'irsc ssiixl — 

Hi 

19 

0 

0 

I‘in(^ 8.11x1 

Ifi 

10 

17 

7 

Silt — 

4 

12 

IG 

7 

riiie sill — 

7 

18 

27 

20 

Clay ^ — 

4 i 

35 

28 

11 

]«()SK oil ijrnitifiii 

1 4.8, 

78 

8-4 

330 

OrK.iiiic iiiallor (^^randi^fui) 

! 24 1 

28 

37 

20 4 

Nitro^^oii 

I 0 12 

0 12 

0-20 

057 

Total phosphoric acid 

! 0081 

01. 50 

OOG8 

0 194 

Availahlc ” ” 

0019 

0014 

OtMlS 

0 053 

Avaihihle potash — 

0.009 

0 018 

0014 

0 03G 

Available liiix‘ — 

0020 ; 

0028 

0083 

0 024 

Ac'idity (Ilopkia's) — . 

l.'iO 

800 

1200 

2500 

rnsolublo siheious mailer 

85 

G8 


55 


"I'lic* fat'lors <»f (‘ss(*ntial import aiiot* an* that the 
soil shall lu* acid and that tlu* draiiia^<* shall be 
siini(*i(*nt. If both these (*t)nditions an* satisfied it 
wonhl seem that tea u:<'nerally will jrroAv and |)n»dnef‘ 
enip in proportion to the available food siip])ly. 
\\ h(*ther ditVerent typ(*s of s<»il ]ii'odneo dillen'iit 
<|iialities of tea has not been d(*tc*rmined, for then* are 
no n*liable ilata upon this important subjeef, but the 
^eiK'i'al opinion is that a in<*diiini loam soil is likely 
to «rive better quality tea than a very sandy soil ; but 
this call be n*^arde<I as mi more than a »£<*neral 
opinion. Soils that an* e\tn*mi*ly rieh in intro«roii 
sneli as ]x*at bheels ilo j;ive a poorer quality tea. 

Manuring 

'Fhe t(*a soils of Noi’th-east Imlia as a whoh* 
are poor soils but the few reliable experiiiieiits 
show that the soils are capable of siqiplyin^ 
siiilii'ient phosphoric acid and potash to fimdiiee a 
crop of SOO-1000 lbs of ti‘a per aen; p<*r anninn. The 
supply of available nitrogen is however «>:<*nerally 
detieient. When a soil is newly opem*d out «if 


jungle ami [>lant(‘d in tea it has a hieh fertility, 
which is {rradnally lo>t until the soil is capable <if 
producing a crop of only H)0 lbs of tea per acre, at 
which liy:ure tin* yield can remain more or less 
constant, (ireater crops can be obtained by nitro- 
p'lioiis manuring and the inereas** of (-rop abfivt* 
the iinmanunMl level is [iropoi-tinnal to the amount 
of nitrojren supplied in a readily available form. 

A soil with a himh eroppin^i: eapa(‘ity iinmaiiured 
will ^ive a smaller response to :ni application of, 
say. It) lbs nitm^f'ii p<*r acre than a soil of lower 
f«*rtility, as for instancf*; 


Cr()p 

Crojj per ai‘H‘ from 

Iix-rease in 

(hi man 11 red. 

|u ll)s nitro;;i-ri applied 

.Sib year. 


aiitiu.'illv for 5 years. 


581 lbs j>c‘r acre 

‘»2s 

S\\ Ib.s 

S22 

‘M,.s 

Ml. lbs 


An experiment eari'ied on for a number of years 
has shown that tin* siqiply of nitrogen in or^anu* 
form has no advantae;(‘ ovi*r nitro^fai siqiplied in an 
inor^anie form, a. //., siilpliate of ammonia in prodm*- 
inj; either «j:reater eroji or improved quality. Wh(*n 
tin* (inantity o! nitro^(‘n applied was im*rr*as<.*tl ov(*r 
tiO lbs of nitrogen pc‘r acre a small deerc'asi* in 
quality was noticed. 

As a e;em>ral statement it (‘an b(‘ said that tea in 
North-east India re(|uir«‘s to lx* manurt'd with 
nitrogen only and that this (‘an be applic'd in the 
eh(*ap inor^ani(‘ form as sulphate* of ammonia and 
with a dose b(‘low SO lbs oi nitrogen ( 100 lbs sul- 
phat<* of ammonia) per aen* pt*!' anmmi loss of (pia- 
lity is not likely to be ap|>re(‘iabh*. 

Cultivation 

Many and varied have been the kimls of 

cultivation dom* on tea soils. Most of lh<*ni 

have had as om‘ object the stirring and turning 
over of tlx* soil ‘.md -as ‘.mother obj<*et tlx* siqqiressioii 
of we(*ei growth. Kxperiments earri<‘<l on at Toeklai 
Kxperiniental Station for a number of yejirs Inive* 

sh(*wii that for l(*a tlx* la(‘tor lh:it is of m.‘ijor impor- 
tance is tlx* sup|>n‘ssioii of we*ed e;rowth and that soil 
slirrinji has ha«l but little elVeet. 'I'he form of culti- 
vation which will most et1i(‘iently and most 

cheaply suppn*ss w<‘ed growth must be n>^ardefl as 
the best cultivation for t(*a in North-(*ast India. 
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If tf'Ji biislu's an* jirown so as to toiH*h oach otlior 
and so form a licavy-sliado canopy over the soil, the 
tjrowth of weeds is jrreatly reduced and, indeed, 
almost suppressed, in wliich <*asc* it would seem from 
experiments that no cultivation may be needed. 
This considerably rednees tlie cost per acre of crop 
prodiK'tion. 

Ciiltivation on tea jjardcMis is by inaimal labour, 
iisiii^r :i line (hoduU^ uifnnnntio) about 10 inches deep 
and about 0 inch<*s in width. Usually the land is 
de<*p-hoed to a deptli of S inches in the ct»ld weather 
after the tea bushes have been pruned so as to bury 
the primings and w(*eds. 

During the jjjrowinjj; season the land is lijjjht-hoed 
to a depth of about 8-4 inch(‘s so as to bury the we<?d 
j;rowth. The mimb(‘r of roniMls of lij^ht hoeiiifi that 
may be necessary vari(*s with «liflcrcnt circiimstan<*c‘s 
and for yoniij; small tea «)r tea heavily primed nine 
rounds may be required, whereas for fully jjjrown lea 
no cultivation other than one weeding by hand may 
be necessary. 

Pests 

There are many pests of the tea bush but only 
a few need to be considered as of majcir iiiqior- 
tanee. Of th(*se, Tb.'d spider (Tetmiiyrlnifi htortn 
fnfns) and tea mos(|uito (Uctnpelfis thiecom) are 
the most important. Tlu» first can be controlhsl by 
cultural and s]u*ayiuK methods, but no real cure has 
yet been found for hrfupe/fis. 

The other pests can generally be kept under eco- 
nomic control by sprayinjr and hand collecting, pro- 
videil such measures an* systematically t*arried out. 

Blights 

Then* are a laryje number of diseases of the tea 
plant but only a few are of majtir ini|)ortanco. 

Itoot disease in several forms docs considerable 
damage, usually it is not iioti<*eable until the tea 
bush is in a moribund condition and nothiiiji: can 
thou be done to revive the bush. It has to be dug 
out and replaced. Systematic attention to the 
removal of dead and dying bushes can do much to 
cheek and contiol the spread of root diseases. 


St(‘ni diseases and particularly those that find 
entry through an unhealed wound are prevalent and 
are responsible for the loss of a large iiiitnber of 
bushes annually. T^'iining and spraying methods 
have their value for controlling stem diseases but 
the most important [irocedure is to avoid unhealed 
and iuiprot(‘cted wounds. 

Leaf diseases are also prevalent, such as llrowii 
blight ((HomcrcHa rhtyulnia) whi<*h is to be found 
on all gardens. Black rot {(nrlicitrn is 

responsible for a large loss of crop but does not 
gen(‘rally caiisi* the death of bushes. 

Aiioth(‘r serious leaf disease is Blister blight 
(KvahtishliniH rexmis) which can cause (‘onsiderable 
damage but oc(*urs only spasmodically in epidemic 
form. 

fii'af diseases in general can be controlled by 
spraying with iime-siilphur or Burgundy mixtiin* 
acc<»rding to the particular disease present. 

(^iltiiral ni(*tliods arc* of importance for the 
c*r>ntrol of both lc*af and stem disc>asf*s. 

Planting 

The <»hoi(*e of the* particular jat of tea seed 
for |)lanting is a matt(*r of c’cmsiderable import- 
ance, since the cpiality of the tc*a produced dillers 
with the dilfcrent jats. It is ncjcessary to consider 
carefully whether the gard(*n is r(»(|uiri*d to make* 
high-class tea or whether owing to its geographical 
situation it is ])refe’*able for it to produce? a large 
crop of cheap tea. 'fhe choice*, how(*ver, having 
be*<*ii made*, it is eie*sirabh* to use only the* one type. 

Te*a sce*(l ripr*iis in N^<»rth-(*ast fndia. about 
November. The see*el is ge*rminate.*d in wet sand or 
clean subsoil preferably as soon after it is eollecte'd 
from the tree as possible. So soon as the seeels are* 
cracked they are transferred to the nui’sc*ry beds 
which are* usually shade*d. ft is at this time that a 
first se*Ie*ction can be* made*, for the* seeals that ge*rmi- 
nate most epiickly are those that produce the be*st 
[daiits. The* see?ds are p]ant(*d in the nursery at a 
distaiK'e of about fi inches be*twoen seeds. The* young 
plants bc'tween the* ages of C months and 24 months 
old from secnl are lifted from the nursery with a clod 
of earth so that the roots are not damage*d in trans- 
planting to the area where the tea is to be grown. 
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TIk; spacing' Ix'tWTm tlio plants is usually about ti 
Toot altlioiijili this distaiirc may bt* varied b(‘t\v<‘en 
4 It and o ft apart. At a dislaiu'e of ft apart, 
if the planting is on the scpiare system, 2,1 oO plants 
an* reiiuired to the at'n* wh(‘reas if plaiilcd on 
the eipiihiteral triangle systcMii 2,IS() plants are 
rcHpiired to the, acre. After planting; they are allowed 
t*) tjrow undisturbed until tliey have deveIo])ed into 
.strong, healthy plants usually with a single main stf*m. 

Pruning 

Siiifjle stem jilants are regarded as unsuitable 
for eeonomieal working. ^I'he yonnjf plants 
are emiseiiiiently primed to a heijrld varyiny: 
between ti ' and IS’' from th<‘ ground. After pruning 
they are allowed to jrrow until they reach a heiy:ht 
of .‘50" to .‘50" from tin* y:r(uiiid when they may b<* 
plucked. At the ne.\t cold weather (12 months) or 
24 months aft**r the first iirnniny: the tea is ajrain 
pruned so as to leave about 2^^ of new wood. AI’Iit 
that tea is priiiu'd eitlier anmially or biemiiaily so as 
to leave about one inch of new wood. The height of 
the* bush is thus j^rradiially iner(*ased until it beeom(*s 
fmally so hijrli as to interf<‘re with tlie etVicien<*y 
of tin* pliiekiny; when the bushes are aj^ain low 
pruned to a heiy:lit varyinjr betwe(‘n IS" and 21" from 
the jrroiind. 'Fhe particular sy.st(*ni of pruning: varii's 
in the ditl'erent districts. In the I5rahmapiitra 
Valley prmiiny: is jrenerally done in the cold weather 
anmially whereas in the Suniia Valley and tin* Dooms 
a V(*ry common system is to prune every other eokl 
weather, that is to say, once* in 21 months, and in 
Darji'eliny: lonjjjcr intervals an* aihuved between 
pruniny;s, tin* hifjher the ch*valion the loiijner is tin* 
interval. In South India, ('eylon, and tin* XctlnT- 
land Kast Indies where owiiiji; to cliniatie* condith»ns 
the tf*a eemtimies to y:row throujrhoiit the 12 months 
of the ye*ar tin* pruning: interval may vary consid<*r- 
ably and also there is not the same tendency te» have 
a li.xed time for the prnniny:. Owinj? to tin* elry c*old 
\veatln*r in North-east fiidia tea c(*ases to «rri»wr 
sniliciently to make plnekiny: commercially wmrth 
while duriny: txvo to three months, and it is diiriiny: 
this period that priming; is done when the bushes 
are consider(*d to be in a dormant condition. If prnn- 


iny: is done diiriiii; the ixrowiny: season in North-east 
India crop is lost. 

Plucking 

This is harv(‘stiny; the crop, h»r t<*a is made 
frmn tin* yoim*: h*av»‘>, tin* «|H‘**hty of the tea 
is dppcaideiit upon the leaver that are plucked and 
upon factors that hav** not been correlated W'ith 
chemh'al analysis but the tannin is an important 
fai'tor, for leaf with a low tannin content y:iv(*s a 
poor tea. The ilist ribiition of the tannin vari(*s as 
shown in the followiny; table. 


Hinl .. .. .. 2S% tiinnin 

1st leaf tioiii the hiiil .. .. 28% 

2ne. leaf fonu the hinl .. .. 21% 

.^nl leaf frte.n the lnul .. .. 18% 

Ith leaf from the hml .. .. |4% 

Stalk helweeii hinl ainl 2inl leaf .. 1 2% 

Stalk lirtweeM ?iiil ainl Ith lea\i-s .. ii% 


4'lie ell’i'ct of t)liiekin$i: the lowei’ leaves in huver- 
iny: tin* per<*enlay;e of tannin in tin* bulk of tin* 
leaf pim'ked and thus loweriny: the i|nalily of the tea 
made* can be r(*ailily apprec iated w)n*n tak(‘n intoctm- 
sid<*ration with the rati(» by W(*i^‘lit tin* various l(>aves 
bear to\vards tin* total weiy:lit of tin* shoot pliu'ked, 
for instainu*: 


I*tiu‘kiii,i( 

IMnckiiijj 

2 leiives :iiiil :i hinl 

3 leaves ami a huil 

Kinl 


Isl leaf 21% 


2inl leaf .is% 

25% 

.Uil leaf 

28% 

Stalk 27% 

21% 

iiin 

lOU 


.\ft**r pnminy: in tin* cold weatln*r the bush n*- 
niains in a tiormant condition until tin* spriny: y:rowth 
commeives. This is allow<*tl to develo|) to such a 
leny:th that \vlien two o])en leaves and the terminal 
biid are n*movc*d from tin* shoot then* is left about 
(i inches of iw\y •rrtiwth. 'Fliis ineasiirenn'iit is iiiadt* 
on the shoot havinjr tin* hiy;ln*st iMiininy: mark, and 
the phiekiiiK is carried out so as to h*ave a lniri/.ontal 
surface at this heijrht. Tin* n(*w y:n»vth below the 
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pliirkiii^ iiiiirk iliirinj; tin* coiirs*? of the y<*;ir thiekniK 
Sind insifiiros siiid is tli(‘ wood on wliiidi tho noxt 
priinin;; is nisido. All shoots tlisit j^nsw so ;is to {jivo 
two open l(‘;ivcs :ind :i tmiiiiisil hiid ;il)ov<* tho |)lnok- 
iny; insirk siro rcinovod ;is crop. There sire many 
vsirisitions in lh(‘ detsiils of phiekin«>: iiK'thods hiit 
they sill Slim sit removiii!; si iiisiximiim i|ii:intity 
of the rn|iiired kind of h‘:if williniit rlani:iu;injj: the 
future I'l’oppinir csipsieity of the hush. A hiisli 
t^at is v(‘ry severely ]ilneked is lisihle to some di- 
seases more (hall bushes more liirlitly treated. 

'Fill' siversijLTi* ( ime taken in North-esisl liidisi for 
SI lesif to open from a liml is | to o <lays. Plni'kin^ 
SI bush i»n thr* ssime dsiy of every week thus sillows 
of prodiieiiiir SI nisi\imiim niiniber of 2 leaves smd si 
termiiisil laid for pliiekiiii:;. If pliii'kinu: is delayed 
for SI Ioniser pf‘riod si third leaf njieiis which is not 
r<M|iiin‘d fur pliK'kinu: if liiirh ijiiality tea is to l)e 
made, but it is pliieked on those ii'sirilens ihsit |irodiiee 
lower <|ii5ility teas. 

The tesi pisint <loes not <‘ontiniir‘ to j^rmw at si stesidy 
rsite throii^hont the year but lliietiisites jrivmtf liv^' 
periods of sn'tivi* irrowth in the yi'Sir with dormant 
tieriods in between (lushes. The resiill of ])lnekin^ 
is tfradiially to mask these wc‘ll-d(‘iined nsitiinil peri- 
ods so thsit exei'pt for tin* tlrst and siM'ond t1iislu‘s the 
fiMideiiey is to obtain a crop thsit is not siibjeet to 
^resit dsiily Mm'tiisitions. Th<» ditlerent flushes, h<»w- 
ever, have sin iniportsinee, since they rlider in ipisility 
of the tea made, the si^'oiid ihisli smd sixain the 
fiairth Hush ^iviiijj: lii^h quality tea. 'Flie tiftli Hush 
comes so late in the yesir in North-esist fndisi thsit the 
cold dry weather sets in sind elu'cks its develop- 
ment. 

Manufacture 

'File tesi lesives sis they sire plucked sire 
<‘ollecte<l in baski'ts in such :i msinner thsit. the 
leaf is k(‘pt cool. If itb<‘comes hot it looses its trreen 
(Miloiir, turns red, and is spoilt for nisikiii^ j^ood tea. 

The pliK'ked leaf is tsiken sis soon sis fMissihle after 
t)liicking to tll<^ factory wln*re it is spresid in the 
withering houses v<jry thinly and evenly at the rate of 
1 lb of l(»af to one sipiare yanl of spreading space on 
nicks or **<‘hiings^’ that are protected from sun ami 


min but open to tlie br(*<*Z(‘ so tliat the leaf will 
slowly loose about -40 of its water eonteiit. 'Fhe 
soft, Haeeid, withered lesif is then rolled so as to twist 
it on itself and by so doing exerting a strsiin upon the 
individual leaf pi(*ces so grcsit sis to s(ni(*e/e out jiiiei* 
wdiieh should bi‘ retsiined on tlu; surface of the* msiss 
of leaf. 'File rolling used to bf> done in India sind still 
is done in ('hinsi hy hand, liiit eommereisil gsirdeiis 
in India now use nieehsiiiical rolling ma(‘hiiies. The 
eflect of rolli'ig is to make the lesif hot and the more 
severe the rolling action the hotter the h*sif b(‘(*omes 
so that <*oiisi<lersibIe esire hsis to be exeriMsed to pre- 
vent the h‘ar IxMiig oviM'heated. 'File wi‘t mass of 
rolled leaf is spresid out thinly siboiit l-‘J im-lu'S thick 
ill SI ct»ol room protected from siiiiliglit, where it is 
silloweil to remain until it lists assumed si bright nsl 
colour like ])olish(sl copper. 'Fliis process is known 
SIS fermeiitsitioii siml is for the purpose of giving 
colour smd fullness to the liipinr of tlu* liiii.^lied tesi. 
Tt*:i iiisiiHieieiit ly fermiMitiMl hsis :i light eolniirisl 
liquor smd siltlioiigh :istring(*nt yet gives si son<(* ol 
thinness on the psilate. 

Aftm* feniHMitsitioii is completed tin* tea is tired, in 
lsirg<> fsietories, in aiitomsitie endless eliaiii-foreed siir- 
draiiglit msichiiies. formerly tea used to be dried 
by spreading thinly on si w'ire trsiy plsieed over a 
bright chsircoal lire*. 

Both methods seek to rsii"!* the tempersiliire of the 
tea fpiiekly to si (loiiit sit wliieli the fernieiitatioii 
proees.ses sire stopped, otherwi-^i* the tesi will loose its 
sislriiigeiiey smd become Hat or ."ori to tin* psilsite. Tin* 
drying is iisiisilly conducti^d sit lempersiliire between 
liS0®-‘Jt)0°K smd the tea is di.sidisirged from the dric-rs 
at nr (ess moist iirr* content. 

Kxperimeiils hsivi* ?'howii thsit a loss fif quality 
msiy tsiki plsice if tin* tiMiipra'sitiin* [irior to drying 
ris'*.s to !MI”K ; quality can also be lost if the tiring 
is done at a tempersitiire sihove l?00®h\ 

Grading 

After the liring firoi'ess is finished the tea 
is soitod into the grsides that sire re(|inVcd hy 
the nisirket. This is a purely mechanic.a1 proc(>ss and 
hsis to be altered t4) suit changing msirket eoiiditioiis. 

If, how(*ver, the grsidiiig proeesses are improp<*rly 
done the value of the test will be lessened. 
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Tlio infusion of ton tlint is nindo for tostiii^ and 
valiiiiifi; tlio toa ros('in1)los tlio infusion ifiat is niado 
for ordinary drinking;. fi is niado by infusing .*] 
^raininos of k'af in loO «•.<*. of walor for o tiiiiiidf's 
and tlu'ii pouring (lio li(|iior oil* from tlio loa. 

During I In* rol)iii<i[ pro<*<*ss toa jiiioo is s«|ii(M>z(>d 
out (»f till* loaf coils and in tlio dryiny: pro<‘o.ss this is 
dric*d as a thin layor on llio tis>iic of t ho loaf. It is 
this s(|in>o/odH>nt jiii«*o that <*oiili'iI)iitos lar«£C‘ly to th(‘ 
r)-miniit<' liiinor. Tho thin layor of driod jiiioo on tho 
dry loal is v(*ry brittlo and liahh* to (‘hip (dVor to ho 
soratohod. Any such mochanic'al dainaifo that ro- 
inov(>s sonio of tho dried jnioo oaiisos a h»ss of tea 
Ihpior and a (‘onsotinent loss in value of the tea. 
Diiriny: th(‘ trradiny: process tho hairs on the nndor- 
sidos ol tin* tea loaves may la'i-oiiio d(‘ta(‘h(‘d. 

’^riioso hairs art* r(‘s|ionsihI(‘ for tho hits of tea of a 
trodden colour in a nia>s nf t«*a and an* nmoh pri/.(‘d 
as indioatiny: a y:«»iKl <|nality tea. "Dio al>r:idiny: of tho 
hairs moans a loss of value t(» tho tea. 

After sortiny tho tea is stored in bins and is 
nsnally rodriod ayaiii bolorc packiiiy; s«i as to r<‘du(*<* 
t In* moist nr<‘ p(‘rconlaufo to r» ''y . At hiyln*r natistiiiN* 
ooidoiits tea losrs value, 'r^'a is pat'kod for tho mar- 
ket ill throo-plv \vood(‘ii boxrs lim'd with load or 
aliiiiiininni foil and (‘ontainiiiy; approximately ItHt lbs 
of tea. 

Labour 

Tin* total mimlx*!' id' persons (‘inployod in tin* 
industry in India in 1IKM was r(‘tiirm‘d as lUIo, 
fiori of whom 7,i>r>,l7tl an* (*mployod in Xorth-(*ast 
India and distribiit(*d as follows- - 


Persons (Miiploye«l. 

Provima*. IVTiiiaiieiit PiTtnaiient Teiiniorarv 

estatiHalxiur. village labour, village labour 

Assam 4,7‘».210 2S,n2.^ 33,180 

0(*nynl I,«2.%8 S.ISI O.bOS 


'riio d(*volopnn*nt nf Assam must bo attributed 
very laryfely to tho t<*a industry directly and t^ the 
labour that has boon imp(»rl(‘d by and at tho oxpoiis(» 


of tho industry and which after sorviiiy on ti*a 
yardons has h*ft tho (*stat(*s and opoin'd out land on 
its own. 

Scientific 

It is now many y(*ars ayo sinoo tho in*(*d 
for scionlilic invest iyat ion was lirst n*(‘<»y;nixod 
as a m*oossity by tho fra industry. In ISiKI Dr 
Dohmann was appointed to invo>tiy;ito tea pnddoms 
in driva. In ISilS Mr Kolway Ilanibor oomnH*nc(*d 
work on problems coiinooted with soil and inaiiii- 
faot lire «d‘ lea in t’oylon. In I.S!)‘I Dr II. II. Mann 
was appointed as Srientilir ()irici*r to tho fiidiau Tea 
Assof'iation in \«>rth-«‘ast Indi:i. and in IJMM) Mr 
It. D. Aiisto.'id wa*' appoint(‘d as Scionti(i(‘ ( )ni(*(*r 
to tin* 1 nitod Planters* Association of South(*rn 
India. In all tlu'se eoimtrie^ experimental stations 
have yreatly (h'voloped •diu'e the initiation rd' seic'ii- 
titic work in tea so that today there are four well- 
found ovperinu'utal stations : 

Til Java .. tin* Pi<»elstatii>u voor 'i‘lu'e at Ihiitenxory 

In tVyloii .. the Tea KestMieh Institute at St. Cootiihs 

In North t‘ast the T»)( klai Mxpi'rinieiital Station in 

Itnlia Assam 

In Southern Iinlia the rniteil Planters’ Assoeiation »)f 
Sniithi'rii Iinlia at tin* Niijriris. 

Statistics 

Owiny to tin* potential t(*a crop b(*iny far 
in o.xcoss of consumption an ayroc'inont >vas (*ntorod 
into between the three laryi'sl prodiiciny; (‘ount.ri(‘s 
to limit exjMU’ts to yive reasonabh* and steady mark(*t. 
Tho t(*a-oxporl-rost riot ion ayreenu'iit is administ(*r<*d 
throiiyli an lut(*rnational ( ’ommitt(*e whi(‘h im*(‘ts 
periodically in London. ^Fho schomo was ])ut into 
force in llhTI and has prov(‘d hiyhly siicoossful. Iii 
addition to tin* tea (‘\t>ort(‘d under tin* int(*riiational 
ayr(*(‘im*nt (*ach country is abb* to sell an unlimi- 
ted f|uaiitit.y for (*oiisumption witliiii its own frontiers. 

Ill Itlvlo it was ostimat(‘d (hat (Ik* tea (*ousump- 
tioii ill India was l)otwo(*u 70 to SO million ll).s. The 
consumi)tion of tea, however, in India is steadily 
risiny. 

I’ndortho Indiuii Ti'a (Vss Acta duty is h*viod 
on all exported tea. The* amount so oolloctcd is 
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made* ovor lo a fund wliifli llu* (iovmuiu'iif have 
])laeed at the dispusal of the Indian Tea ('<*ss <’oin- 
niittee who alloeate funds for propaganda in India 
and othor roiintries with the ol)jeet of iiieroasin<r tea 
eonsninptioii. 

In liKU a total crop of tea was prodiieed in India 
of 40, 00. Oo, til 4 Ihs distrihnted thron^:l)ont the tea- 
Sjrowinir distriets as indieated in tlie lollowinu: table : 


Assam 

— 

23.28,33.418 

lbs 

Ilcngal 

— 

9.84.01.988 


Travsmoore 

— 

3.11.12,655 


Madras 

— 

2.93.42.014 


Rest of India 

Totrd 

83,«5,.539 

40,00.95.614 

U.S 


This (|nanlity of lea 
acres b(*lon<rinir t<» o, l.‘>i? 

The averair(‘ cro]) per 
the dillerent districts as j 
table. 

was ])hicked otV 7, ti.“i, IkTJ 
plantations. 

acre vai’ies <*oiisiderably in 
diown in the m'conipaiiyinjj: 

i^akhiiiipnr (Assam) 

lbs of tiTi j)er acre 
in I0.?4. 

— 684 

Jalpaij^iiri (IlpiiKal Dnars) 

597 

Carliar (Ass.am) — 

— 507 

Travancore — 

— 446 

Nilj;{in.s (Madra.s) — 

— 379 

Darjccliiij;; (Ben<;.'d) 

363 

Dehra Dun (TTnilcd Provinces) — 335 

My.sore — 

— 198 


III I0iI5 there wer(‘ (i'Jo rejristered Joint Stock 
Coinpaiiies witli a paid-up (capital etpiivahnit to 
Rs 40,10,10,000. 

The tea industry in the three largest prodnciiit; 
j*(»nntries is highly or^aiiixed int<» associations (»f 
producers : 

III North-east India (/) Tin* Indian Tea Association 
(/V) The Indian Planters’ 

Association 

111 Southern India — The rnited Planters’ 

Association <»f Sontherii 

India 

In N(‘thcriands lOast 

Indi(‘s — Java — The Al^cni(‘cn liaiidlionw 

Syndicaat 

Sumatra — 'riu* AIjrcinccMie VcriM'iiiirinix 
Hnbl)cr-pla liters ter Oost- 
knst van Snniatra. 
These As.sficiations deal with ail matters both 
political and (‘(‘onomu^al that atleet the tea industry 
and the stren^rth ami completeness of this or^ani/a- 
tion is d(‘monstrat(‘d in tin* int(*rnalionai a^riMamait 
for n*striction of <*.\ports and in the intcTiia- 
lion:ii propaganda work that is now in progress. 
Without such wcll-oriraiii/ed and rcprcscait alive 
associations it >voiihl..have b(‘en impossible to brinjr 
into beiiifr either of tlie above sclnam‘s. 

India owes a debt of jrratitinie to Lord William 
Heiitinek whosi^ perhaps most important act as 
(lovernor-fTcneral of India was th(» introdnetion of 
tca-Krowiiitr iiil<> Iiitlia. This is one iif the few 
<-ases where a new industry was deliberately intro- 
dncetl and carernlly fostered in its early days by (he 
(lovernimait of a country. Today tea occn|)ies a 
hijrh phh '• in iniportaiici* anionjrst the exports from 
India. 
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Constitution of tlie Stars 

Sir Hrtliur S. Rddington 


WiiKN WO liiiMi a loIosooiK* on snn, wo look 
at it throuj^li its tonimus onvohipos tin* <*(»r*>na 
aiul oliroMiosphoro -tlion «lowii tliroimh a tVw 
iiiiiniml kilonu'tn's oT its out»*riin»st alniosplioro, 
to a lovol whoro it hoconii's t(it» opacpn* lor us to 
soo flirt ln*r. Just as, lookin** Jown on tin* oocan, 
w(* ran srr <lown a few iVrt hut no furtlirr. Al 
tin.* vajiurly tlrtinrtl Irvrl whirli is tin* limit of 
our visitui, I In* !rniprratui*r is ahoiil tiOOO'^. What 
Mrs bolow that Jrvrl / What is it liki* drop <lown 
in tin* intrrior of tin* sun -and tin* othrr stars/ 
That is what wt* arr ”oin«»' to talk about 1oniy:ht. 

Tin* rxploratioii of tin* tlrr[) intrrior of thr 
stars hr^an in 1S(iP with a patirr by llonn*!* Lain* 
of Washinj»ton, whirh In* rntitlrd, “On thr 
'I’hrorrt i<‘al Ti'iiiprraturr of thr Sun, midrr thr 
Ilypothrsis of a Oas(*ous Mass, maintaining: its 
volumr by its Internal Ural, and drp4*tidin!L*' on thr 
Laws of Oases as known to I’eriM-strial Kxprri 
mriit.'’ Kvidrntly In* <rnln’t brli<*vr in snappy 
hra<Hiin*s. 'Phis paper has lM*rn tin* foundation of 
• Irvrlopmruts by Hitter, Liinb'ii and others, whirh 
are bein^- I'ontiniu'd al the |)resent day. 

Tliere is a phi'ase in the title of Lane’s paper 
whirh I W4)ubl emphasi/.r; " Dfpcnd'nuj uu the Itncx 
of phifsirs ax Ittitncn to Icrrcxirial That 

expr<*sses the prineiple oi' whirh I profess myself 
a <b*votee. We want to tind out how far the 
phenomena whirh we obsej’ve in the sky ajirre 
with, ainl ar<* a rons<M|uenre (»f, the Jaws that, 
have been assigned to matter as the result 
terrestrial experiment. Take onlinary matter — 
some mixture of the elements that we know ami 
apply on a Jarj»:(* srale tin* properties of matter 
ami radiation that have been found by experi- 
ments on a small srale. Treat it as thout?h you 
Wf*re desif»ninf^ a larj^e dam instead of a larj^e 
stiMi* — with just the same kind of ralrulations and 
exereisiiif*- so far as possible the same kind of 
foresiffht. The ronditions in the star are very 
extreme; but the ultimate thinj»s t** be dealt with 
i'leelrons, atomir nuelei, X-rays are the same in 


tin* star as in the laboivitory, and wr ran apply 
our laboratory knowled^i* of ihem. Labuilate in 
this way what will be Hie prop(‘rti(‘S «»f the hu^e 
mass whal. for example, will be its output of 
heat and li<*hl. what will be its |)erio<l if it is 
set pulsalinu. ('alriilati* “arri»rdiim- to the laws 
of physies as known to tma'strial exp4*riment*’ ; 
and then turn to tin* man with tin* telesrojn* and 
ask “Is that anylhinu* like the stars ipm r4mn^ 
arross in tin* sky.” It may be that In* will point 
4)Ut ilifferriires. If tin* slais have anylhine- new 
to rev<*al lt» us which the physicist with his 
limiti'd (‘onditions of (‘Xpei'inii'iil has be(*n abb* to 
foresi*4* we shall in this way sort it init from that 
whii'h is a 4lir4‘<‘t <‘onse(|in*nr<* of whal we alrt‘a4]y 
know or think wa* know. 

Invi'sli'jalions whirh billow this course* tif pni- 
4M*dure art* rb‘arly not speculative. lloW’t*ver 
faulty a till uncertain 1ln‘y may be. tln*y ke<*]) to 
tin* pt*th*strian path td’ prtiurt*.ss. and i*srln*w 1iij»hty 
etmj<*etur<*. Harent ln*tieally. may I ask whether 
it is not possible* for erilies of the*ore*tiral invest i- 
jj-itions of the* stars \o fimi semn* either term eif 
eli.sap|U'obat ion than tin* le*rm ‘spe*rulative* One* 
prefers t«» have e*ve*n eine's faults ralle*e| by the 
ri<;ht name*. I don’t class all s|)e*rulation as a fault ; 
and it has seime*time*s happeneel that important 
advanre*s have* be*i»nn in a spe*rula1 i ve* way. The re'nl 
harm is when s])eeulat ive* attempts are imt sufH- 
riently elisrriminate*il from the* st raif^ht-feirward 
appli(*atit)n of e*xistini'’ kntiwle*i|^e* ; ami the tM>n- 
verse* is tie) less harmful when Lane*’s pattern of 
inve*stif»alie>n, that is to say the re*snlts of ap])Iyinf»‘ 
on the stellar srale the laws feiuml in tin* Jabeira- 
teiry, is confused with the frankly s])e*rulative the*ei- 
ries that have* at times be*en put feirwarel; anti — 
perhaps I may aelel feu* tin* l)ein*tit of the mathe- 
maticians he‘re* — w'orst of all when stars ronsti- 
tute*el of matter eibeyin**- the laws of physics, so 
far as they have; been unrave*lle.*d to-elay, are con- 
fuseel with mat hemat ie^al rre*ations whose only 
claim eni our attentiem is that they satisfy elegant 
e I i lYerent i a I eepia t ions. 
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CONSTITUTION OF THE STARS 

I will !i(»t ffiiiirniiloi* that the euiielusiuiis that 
I shall put heftiN? you will survive the prof^ress 
of kiiowleilffe in the next fifty years. M! by then 
the stars nf j^a.seous eonstitutinii which we accept 
l(»-<lay have ^iveri place t(» litpiid stars or .soli<l 
stars or, as I once su freest cc I, crystalline .stars 
compostMl of fiasrnus crvstahs — well, there liave 
been more surprising changes in science than that. 
Ibit I believe firmly that the conclusions are .such 
as fit our prc.sent scientific knowledge; and that 
they rcpi-cscnt i)resent day astronomy in step with 
]ns*sent-day physi<‘s. T(» use a rather favourite 
wj)rd now-a-days riiiliraiiau -Wiv interest of these 
investigations is, I think, not so mmdi de]>cn<lent 
on the absoliit(‘ information they yield, as in the 
unification of physics and astrophysics enabling 
us tn se(* one underlyin** cause or one elementary 
ei|uation at the root of the most diverse manifesta 
lions, tracino- its effects in the vacuum tube, in the 
interior of star, in the ditfu.se nebulae, and — ^not 
least- the .system of ‘•alaxies which f'onstitiites 
the ci)smos. 

I want tn leave time to speak <»f recent pro 
blems: .so I will run ovei* I'ather bri<*lly the older 
part (d* the subject. Let us sup])n.se that by (»bser- 
vatioii from <iutside we have ascertained the ma.ss 
M and the radius U of a star-just those two data. 
.\rmed with this iid'ormation, what can wo deduce 
(by laws of physic's ) about its interior,^ 

The first difTic'ulty is that althoiifrh w(‘ have 
a.scertained the total mass, we luive not found how 
it is distributed- whether it is fairly uniform 
throu{?bout the volume of the star or stroiifrly 
concentrated to the centre. .1 won’t sto|) t<» ex- 
plain how we have jfot over this diflic'ulty; but 
it is a side of the problem in which considerable 
profjre.ss has been made in the last year or two. 
Althoujrh we cannot determine the concentration 
accurately, we can assio:n limits by ])urely theoreti- 
cal dediu'tion. The central d(*nsity is not Ic.ss than 
5 times the mean density, and not more than 50 
times the mean density, .so that we know roujrhiy 
the deffree of concentration that we are up a^raiiKst. 

Know'iim then how tlu' ma.ss is di.siributed in 
the structure we can calculate the pressure at any 
depth. .\ny civil en«riueer will tell you that that 
is possible. So that we know the pressure as well 


as the density at each point in the interior. Now 
the density, pressure and temperature are connect- 
e«l by a relation called the equation of stale of the 
material; if any tw^o of them are known we can 
find the third. In this case w'c know the pressure 
and density, and we can therefore find the tempera- 
ture which is. of cour.se, an extremely important 
thing to find out in order to realize the .sort of 
conditions w'c have to deal with. For all the .stars 
excei)t white dwarfs, the equation of state, wdiich 
connects the temperature with the pre.s.sure and 
density, is tin* w'cll know'n equation of a perfect 
}»:a.s. For the extremely den.se matter in w'hite 
dwarf stars the equation is more complicated; but 
the theoretical physicist by his terrestrial stmlies 
has worked nut for us the required ecpiation. 

( Incidentally he has worked it «»ut wrong — but that 
is another story and I’ll speak about tin* white 
dwarfs later. For the |)resent w'e w'ill keep to the 
onlinary stars). 

TIk' internal temperatures detc'rmined in this 
way are t)f the order If) to 20 million d(‘grees 
Centigrade*. Having a.scertained this, w’<* begin to 
realize tin* state «d‘ things that we* have* 1»» de*al 
with. .\t this le*mperature all the* atoms w'ill be* 
highly ionized. Light elements sue*h as e>xygen 
will be strippeel bare to the* ?iue*leus anel heavy 
elemetits such as irein ami le*ael will retain endy a 
few ed’ the innerme)st satellite e*le*ctrons. The rest 
of the elee'trons will be fre*e*. \Vi* have* the'rcforc 
te) eU^al with a populatieui e'euisi.slitig ed' free* e*lec- 
t rolls, the shatlereei remnants ed‘ atemis, and pho- 
te>n.s or epianta of railiation. Flanck’s law eleter- 
mines both the amount ami kiml of raeliation pre- 
MUt at a given ten.perature. At 10 20 million 
elegrees the raeliation consists ed' rather soft 
X-rays. 

.\ow', wo ciin s(*e more* or li-.ss what is happening 
at 10 mdlion elegrees in the interie)!* eif the sun. 
(’reiweleel teigether within a cubic centimetre there 
are more than a epiaelrillieni atemis abend twice as 
many free elect reins anel 20,000 trillieni X-rays. 
( Itritish re*ckoning). The* X-rays are travelling with 
the sj'ceel of light, ami the electrems at 10,000 
miles a .second. Mo.st ed* the atemis are hyelrog(*u 
atemis en* rather, since they have lewt their satellite 
eb'ctrem.s, simply |)roton.s travelling at 200 miles 
a see-emel. Here ami there there wdll be heavier 
ateim.s, such as iron, lumbering alemg at 40 miles a 
secemel. I have teilel yeni the speeels and the .state 
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of (•onjyestioii of tlu* roiul ; and I will yon t(» 

tlio oolliKioiis. Small womler if tlu‘ atoms 
are found with their ^arh of electrons hatlly torn, 
or even stripped naked. 

The stripped atoms are continually capturin» 
free electrons and, so to speak, repairing their 
<lress; hut scarcely has tlie captured electron set- 
tled when an X-ray hears down on it and explodes 
it away. This is not a fanciful picture. These 
are phenomena which have heen foumi happening 
in the lala»ratory when we use X-rays of the saiiie 
wave-length and elect n)ns of the same s])eed as in 
the sun. There is no need to “o heyoml the limits 
of terrestrial experiment to discover what is hap 
penin^ to the ]>o])ulation. and all the ealeulatinns 
have an experimental basis. 

The atoms and electnms are rushing viidently 
fiither and thither: hut on tin* whole they <lo not 
tret any further; mravitation pulls theiii hack 
and keeps the material of the star in ('(|nilii>riinii. 
r»ut the X-rays jrradually leak outwaiMls. They 
are subject to ora vital itin- it is true; hut their 
velocity of 1^0,000 miles a s<‘iM»nd is siitTicieiit for 
e.scape from any star. It is Just the .same as in the 
theory of plantdary atmospheres, where ofravita- 
lion is sulTicient to retain tiu‘ heavier constituents, 
hut the liw'hte.st atoms liav«‘ suflli(*ient velocity to 
esca])e. The plafiet thus lo.ses the liohte.st jrases: 
and in the same way the star lo.ses, (or, as we .say, 
radiatest ))hotons of radiation. T should explain 
that, althoimh these photons are X-rays in the 
interior of the star, they are transformed <lown to 
lono:er wave-lenj>th in passing throu^rh the last 
few thousarifl kilometres of comparatively cool 
matter; .so that it is in the form of li^ht and heat 
waves that they finally escape. 

So you may picture a photon of radiation, 
harfjiiiff first one way then amdher, like a man in 
a rioting mob- absorbed by an atom ainl fhin^: out 
ajraiii in a new direction. In this way a photon 
in the sun will wander aimles.sly round in the in- 
terior for a million years or more until. Just by 
accident, it finds itself at the exit of the maze - 
shoots through and makes a bee-line acro.ss space 
to the (>akri<lfre reflector where Pnd’. Shapley 
photo^rraphs it. 


Having lie'll ascertained the ]>articulars about 
th(‘ population that 1 havt' been describiim-. we can 
api>ly the laws (ba.sed on laboratory experiment) 
which ileterminc tin* amount of obstruction offered 
by atoms and electnms to the |>assa}ie of X-rays, 
and St} find how many phott>ns leak ttul into s])aee 
per .secoml. We can coni])arc this re.sult with 
ob.servat ion that, is tt> .say, we can see whether 
Profes.sor Shapley catt*hes as many t»f them with 
his tele.seoi)e as (aeconlins* tt) our calculation) 
he oujiht tti catch in slmrt, whether the star is 
actually as bright as our caltMilation makes it. 

In the last f<‘w years we have foumi a compli- 
cation in the caicniatitm which I must now explain. 
At an earlier staj»t* we had tti ask tlic physicist to 
suitply a fttrninia tiiviny tht‘ ttMiiperaturi' of a f»a.s 
when till' pressure and density are kmiwn. i\t}t 
nnrea.sonahl y he will tihject “you have not jriven 
me entmiih inform;it it»n. What is the }»:as Oxy- 
jren iron va))onr.’ mt'rcury vapour? t>r what? 
We cannot .say. ..." 

Hut on .set'oiid thought in* withdraws the oh 
jeetitm. “.\i'vcr mind. Ordinarily it would make 
a Wiiz iliffei'imce. but at the hi^h temperatures we 
are concerniMl with it makes pra«*lically no differ- 
ence what (‘icment we take. The atoms will be 
alnn}st complet(*ly ionized, that is to .say, their 
.satellite electi'ons will be nioviim as Xvvo particles. 
We only want tt> kimw the averajre weight per 
free particle. The nmiiht‘r t»f .satelliti* fleet rons in 
an atom is ro?ii:hly half the atomic weijrht - .s(} that 
we shall have roiiyhly 2 iniits (}f weijiht ])er parti- 
ch*. ( Ktn* exami)le oxy'fcn). (twin«r to this re- 
markable property it has been imssible t(} make 
considerable t)ro‘iress with the theory of the in- 
terior of a star without knowiiijr what chemical 
eleim*nts it is conij)os(Ml of." 

Tho.se ai'c the physici.st 's sei*oml thoimhts. But 
on third tln)U'»ht he e\<*laims - “ Bother! There’s 
hydro»»'n.’’ The rule that there are two units 
of weijiht pi*r particle does not work for hydrof^en. 
it has atomic weight I and splits up into a proton 
and elecln}!! so that the avcni're weijrht per 
t)article is A — instead of 2. That makes a va.st 
difl’erencc. 

.\ year t)r two aj^o the ]>hysicist had some 
alarming fourth thoimhts about neutron: but. 
neutrons are absorbed very easily by atomic nuclei 
and I think tln^y will have only a transitory exist- 
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iMHH* nil tlio sun, ns mi llin nartli, ;iml !u*vt*i’ rnnii 
nil npinvcialili* pnvl of llii* ixipulatioii so wv 
wtni’t worry nlioiit fourth thouK'lits. Tho mix 
of the iiuittrr is tlint, ft»r Iho iiurposrs of these 
invest ij*;! I ions, there are just two kinds of 
matter, naiiu'ly hitdmffrn and > 10 / hiidrntfvn. lly- 
droj^en j^ives a mneh lower temperalun* than md- 
and therefore lower hri‘'ht ness for a star 
of till' same mass and radius. Our (‘omparison of 
theory and ohservat ion e;in therefore he useil in 
two ways. We ran e;ileulate tin* hri.i* ht ne.ss of 
a star, assuminj* the material 1 j» he »m/ /j//dror/eii, 
eompare it with ohservat ion, eonjiralulale our 
selves on the partial ajireemeiit we find, and pond 
er over the po.ssihic* .soiirees of the diserepaiieies 
whieh remain one po.ssihle soiiree «)f diserepain*y 
will he the ])resein*e of a si<*‘nili(*aiit proportion 
(if hydrogen. Tin* other way is to try various 
(‘oiiihinat ions of hydrogen and not hydro^<‘ii until 
wv find the iiroporlion whieh liives precise aj*ree 
meiit of the ealeiilated and observed hrii»h1 ness. 
That is the method we ‘••(‘iierally employ inuv a 
days; the olisc'rved hriuhtness of a star tells us 
what proportion of its mass «*onsists of hydrojU'<‘ii. 

Dr. Ih'iiyt Slromjireii found in this way that 
the sun, Capella and other typical stars contain 

i)er cent of hydrogen. My own <*alculations 
agreed precisely. 'Fhis ayreemeiil is rat her special- 
ly interest iny- hccause wo adopti*d ililferent com- 
position for the remainin^^ (iti [ler c(>nt of the 
ma.ss. Strnm‘*ren usetl a mixtun* of rather li.i*ht 
eh'iiieiits, familiarly known as “Kussell’s Mix- 
true,*^ believed to ayrei* with the comixisition of 
the oiiti*!* layers determined with the spectroscope; 
I used a mixture about thriM* times heavier. Our 
]»recise agreement confirms what I have already 
said -that it makes no diil’ereiice what kiinl of 
stellar material you assume — so loiij;- as it is nat- 
ht/droffru. It is still douhtfid to what extent the 
proportion of hydrof*:eii varies in different stars; 
there is some evidi'iiee that it is };reater in the 
most massive stars, luil the evidence is not very 
y:ood. .\n important paper presented by Prof. H. 
X. Kussell to the Tercentenary (Sniferenee was 
fiartly devoted to this quest ion. 

I must say a word about tlie agreement of 
theory ami observation. Since we iletermine the 
proportion of hydrogen so as to make the observed 


and calculate! I brif^lilness agree, we obviously can- 
not claim that the agreement is a confirmation of 
the theory. Nevertheless it dues furnish a fairly 
efficient check. V'^nless the theory were pretty 
near the truth we sliouhl find that for some of the 
stars wliich we try, it would be imimssible to find 
any ])roportion of liydrogeii that would bring 
about agreement. It is satisfactory therefore that 
all the .stars give a reasonable proportion. If 
Stromgreii lunl found, instead of per cent., an 
answer which involved the square root of - 1 
as might easily have hafipened, we should have 
concludiMl that there was sometliing fishy about 
the theory. 

The recognition of white dwarf stars witli den- 
sity far transcemling that of any lerre.strial matter 
is line Ilf the more spectacular developments of 
the study of stellar constitution. .\ cubic inch of 
the mailer of the ('omi>anion of Sirius weighs 
abiiiit a loll; and smiu* of tlie more ri'cently dis- 
ciivered white dwarfs ap]u‘ar to have higher d<*n 
silies ev(‘n than that. In order to explain a new 
point which has arisen in connection with the 
tliiMiry Ilf these stars. I must go back to ])ast 
history. In 11)24 the mass luminosity relation - 
that is the formula (*\prt‘ssing the result nf the 
calculation I havi* been describing — was worked 
out; and, on comparing wit h observation, it turned 
out that it was obeyt'd not only by tin* diffuse 
giant stars for which it was intended but also by 
the dwarf stars with ib*nsilies greater than water 
for whieh it was nof intended. This was a com 
plete surprise. I»ut the explanation was not difb* 
cult to lind. We had been taking it for granted 
that stellar matter wouhl cease to behave as a 
perfect g;is when the ib‘nsity approached that of 
ordinary liquids or solids. Ordinary terrestrial 
atoms then liegin to jam together and the mate- 
rial be**iimes almost incompressible. Rut in the 
stars the t(‘mperature of 10 million degrees cau.s!*s 
must of the satellite electrons to be slun'ed away 
from the atom and what is left of the atom is a 
liny structure. The atoms or ions are so reduced 
in size that, they will not jam until ilensities 
100.000 times greater are reacheil. For this 
reason, the perfect gas state continues up to much 
higher densities in the stars. The sun and other 
ifense stars insisted on obeying the theory worke<I 
out for a perfect gas, as they ha<i every right to do 
since their material was ]uu'fect gas. 
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There wns therefore nothing to prevent Nteilar 
mutter from becoming compressed to exceedingly 
nigh density; and it suggested itself that the den- 
sities which had been calculated from observation 
lor certain stars called white dwarfs, which had 
seemed impossibly high, might be genuine after all. 

in reaching this conclusion 1 was not without 
a certain misgiving. 1 was uneasy as to what 
would ultimately happen to these super-dense 
stars. The star seemed to have got itself into an 
. awkward tlx. Ultimately its store of subatomic 
energy would give out and the star would then 
want to cool dow'ii. Hut could it i The enormous 
density w'as made possible by tlie high tempera- 
ture which shuttered the atoms. Jf it cooled it 
w'ould presumably revert to terrestrial density. 
Hut that meant that the star must exxjand to, say, 
5,000 times its present bulk. Hut the expansion 
requires energy — doing work against gravity; and 
the star afipeared to have no store of energy avail 
able. What on earth was the star to do if it was 
continually losing heat, but ha<i not enough energy 
to get cold ! 

The high density of the Comxninion of Sirius 
was duly conlirmed by Doctor Adams but this 
pLiz/./le remained. Shortly afterwards Trofessor 
j{. 11. Fowler came to the rescue in a famous 
paper, in which he applied a new result in wave- 
meehanies which had just been discovered, it is a 
remarkable coincidence that just at the time when 
matter of traiisceiideiitly great density was dis- 
covered in astronomy, the mathematical idiysieists 
were quite independently turning attention to the 
same subject. J siqipose that up to 1924 no one 
had given a serious thought to abnormally dense 
matter; but just when it cropped up in astronomy 
it cnqqied up in physics as w'ell. Fowler showed 
that the newly discovered Fermi- Dirac statistics 
saved the star from the unfortunate fate which 1 
had feared. 

I will say a W’ord or tw'o about I’rofessor 
Fowler's explanation. My colleague Fowler was 
in his youth a fuire mathematician, and 1 am 
afraid he has never really recovered from this 
up-bringing. Consequently, although his paper 
contained reassuring equations, it difl md clearly 
reveal the simx)le physical modification of ideas. 


which wave-mechanics brought about. He proveil 
that the star would manage all right. Hut, as 
you may have inferretl from Profe.ssor Hardy's 
revelations the other night, I am not an extreme 
worshipper of proof. I want to know /tViy? ; a 
pnaif docs not always tell you that. .\s Clerk 
Maxwell used to ask “What’s the go of it." Well, 
in this case the g«» of it was that whereas the older 
theory said that atoms coidd only be ionized by 
high temperature the new wave-mechaiiies said 
that high temperature was not essential because 
they eoiihl also be ionized by eriishing them under 
high pressure. Several writers tumbled to it, 
before 1 did. that that was what Fowler’s rather 
mysterious result really meant ; but I think that 
it is still not at all generally known. You see this 
allows the star to cool down and still retain its 
enormous density- which the older classical 
physics ditl m»1. 

\ot content with lelling well alone, physicists 
began to improve* on Fowler’s formula. They 
fiointed mil that in wbiti* dwarf (‘onditions the 
eleel rolls would have speeds approaebiiig the velo- 
city of light, and there would he (‘crtaiii relativity 
efiVets which Fowler had neglected. Consequent- 
ly Fowler's formula, called the ordinarif degeneracy 
formula, came to be superseded by a newer for- 
mula. railed the ndatirixtic di'goneraey formula. 
.Ml seemed well until certain researches by 
^ ’liandrasekliar brought out the fact that the relati- 
vistic formula pul I he stars hack in precisely the 
same diffieiilty from which Kowler had re.scued 
them. The small stars could cool down all right, 
and end their days as dark stars in a reasonable 
way. Ibit above a certain critical mass (2 or 13 times 
that of the sun) the star could never cool down, 
but must go on radiating and contracting until 
heaven knows what becomes tif it. That did not 
worry (’handrasekhar ; lie semns to like the stars 
to behave that way. and believes that that is what 
really happens. Hut I felt the same objeetioiis 
twelve years earlier to this stellar biifl’ooiiery ; at 
least it was sulTicientiy strange to rouse my sus- 
picion that there must be something wrong with 
the physical formula used. 

I examined the fornmia — the .so-called relativ- 
istic. degeneracy form la — the eoncliision I came to 
was that it was the result of a eombinatioli of rela- 
tivity theory with non relativistic (luautum 
theory. 1 do not regard the ofl’siiring of such a 
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union SIS horn in Isiwful wodlock. The relsitivislio 
tlojfonoracy I'ormulsi — lliofonimisi (*iiiT(Mi1ly used — 
is in tact laiselcss; and, perhaps rather sui 7 )risiiif?- 
ly, the formulsi deriveil by :i correct application 
of relativity (he<»ry is the ordinsiry foriiiula — 
Fowler’s original t'orniula which everyone 
had abandoned. I wsis not Kiir]irised to Miitl 
that in aiinonncin^ tliese conclusions I had 
put iny foot in si hornet’s nest: and I 
have had the nhysicists buz/.in«? about my 
car.s — l)ul I <l«»n’t Think that I have been stiiny: yet. 
Anyhow, for the purposes of this lecture, I will 
a.ssiime thsit I haven’t dropped si brick. 

I venture to refer to si pers»)nsil sispect of this 
investigation since it shows how <‘lo.scly difll‘(U*ent 
brailches of science sire interbicked. .\t the time 
when my suspicion of the relativistic deymicrsicy 
formula was roiiseil by Chandrasekhar’s results, 
it was very inconvenient to me to spare time to 
follow it u]), be<*ausc I wsis immerNe<l in a loti$*: 
investigation in a ditVcrmit field of thoiijudit. This 
work which hsid occupied me for six ycai*s was 
nearinj* completion sind there remainerl only one 
problem, namely the accurate theoretical calcula- 
tion of tlie c'osmicsil constsint, needed to round it 
olT. Ibit tiu're I had com])letely stuck. I had, 
however, s(‘<‘ure<l si perioil of tViur months free 
from <listractions which I intended to devote to 
it to make a supreme etfort, so to speak. But 
hsiviii}*: incautiously bejiun t<i think siboiit the 
def^enerney formula I could not f?et away from it. 
It took up my lime. The mouths slipped away, 
and L ha<l done nothin^c with the problem of the 
(M).sniicsil constant. Then oru* day in tryiiiy: to 
test my deKcnersicy results from sill points of view, 
I found that in one limiting case it merged into a 
cosmical problem. It i^ave a new apjmisich to the 
very problem which I had had to ])ut aside and 
from this new approach the problem was soluble 
without much difliculty. I can see now that it 
would have been very difiieiilt to at it in any 
other way: and it is most unlikely that I .should 
have ma<ie siny profcress if I had spent the four 
months on the direct line of attack which I had 
planned. 

The paper which I read earlier in this (\)nfer- 
ence jyivinj? a calculation of the speed of reces- 
sion of the spiral nebulae and the number «if parti- 


cles in the universe had an castrononiical orijrin. 
It was not, however, suf^^csted by (?onsideration 
of the spiral nebulae. It arose out of the study of 
the Companion of Sirius and other white dwarf 
stars. 

I mentioned that we only {gradually came to 
realize that ionization eoubl be produced by hif?h 
pressure as well as by hijrh temperature. I think 
the first man to slate this explicitly was J). S. 
Kothari. Stimulated by some work of H. N. 
Riis.sei1, Kothari has made what I think is an 
extremely inlere.stinj*: ap])lieatioM. The relation 
of ionization to ])rcssure is a curious ouc; for at 
low ])ressures we decrease the ionization by iiicreas- 
iuK* the pressure; but the ionization mu.st have a 
minimum, for at hi^h pressures the h’ermi-Dirac 
complication steps iti and tlie ionization ultimately 
iiicrea.ses with pressure. No one seems to have 
Isdhered niiieh about this revised ionization law; 
they have lieeii eoutenl to reco{»:nize or I think 
rather to j^uess that iii white dwarfs the ituiiza- 
lion would be pretty hij»li. Kothari, however, 
has treated it .seriously and workeil out the 
dejrree of ionization in various eoiiditioii.s, ineliid- 
in»: comparatively small ma.sses in whieh the pres- 
sure is relatively low and the ionizaruui is not 
very hij»'h. 

I turn in)w to the subject of sub-atomic, energy 
which we believe to be the souree whieh iiiaiiifains 
a star’s heat. This is a matter on whieh, until about 
(lirce years aj^o, tcrre.strial exi)criment jjave us no 
help at all. t\>iidilioiis have now chanjiisl, and 
physical laboratories llirou»-liout the world have 
“[ivcii themselves up to an an/ if of alom-spliiiwtf. 
It is t)f iiiMiicn.se im])ortaiice ftir the future i)f 
astronomy that a new laboratory technique enables 
us to evperimetit directly on the processes of libcra- 
tifui of ener; 4 :y by transnintatioii of atomic nuclei: 
since these are almost eertainly the proeesses 
which keep the stars a1iu:ht. But at pre.sent it is 
too early to expect results this way. The theory 
of .stellar eonstitiition, whieh I have been des- 
eribiiif?, wa.s built iq) without any laboratory 
knowledf^e of a sub-atomic energy. This was po.s- 
.sible because the problem (d* the source of mainte- 
nance of a star’s heat eould.be se^ret^ated almost 
eouiplelely from the rest of the problem. By Banc’s 
metliorl we could determine the temperature — how 
much heat there was in the star — without specu- 
lating: as to how if came to be there; and we could 
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show thill a star so endowed must radiate at the 
iiioiiicnt a ealeulahJe amount of li^:hi and heat - 
without inquirin;; how it managed to jro on radiat- 
iiif? it for thousands of millions of years. In short 
the slruetural prohlem could be sef»re«^ate<l from 
the evolutionary problem. 

The oidy point at which the se^rej^ation is iiot 
complete is this: The concentration of density 
towards the centre of a star doiiends to some 
extent on how the source maintiiininji: the heat 
is distributed. It seems clejir from present i lay 
experiment as well as from astronomical evidence 
that the liberation of sub atomic enerjry increases 
rapidly with temperature; so that wc may expect 
it to occur imiinly in the hottest central i>art t)f 
the star. This has the efVecl of climinisliin'i: the con 
cent rat ion of <lensity t(» the cent re -making: it less 
than in the standard model which has ‘generally 
been employed. This effect is, however, limited; 
liecause if the star overdoes it convection currents 
are set up, whieli brin^ about compensation. To 
describe our present concbisioii I must use 
technical terms:- The density distribution m*ar 
the outside has a polytropic index o which j»:ra<l- 
ually diminishes to 1.5 at tlie <‘entre w'here there 
is a convective core. I am speakiim of ordinary 
stars such as the sun; but curiously enough this 
specification of tin* density distribution applies 
also to while dwarfs --for which it has Ion»: been 
tlie recoH:nized model thoufzh in the while dwarfs 
it comes about in (juite a <lilTerent way. 

.\part from this refinement, the researches 
which 1 have hitherto describeo, are not alTeeted 
by theories <»f sub-atomic energy. Hut they put 
us in a favourable position to learn something 
about the laws of sub-atomic enerj»:y. .Many well- 
known lines of argument have convinceii us that 
the sun and stars have a life time to be reckoiieil 
in thousands of millions of years which means 
that evolutionary chanj^es are extremely slow 
and that the heat radiated by a star inlti space 
is almost exactly balanced by the heat liberateil 
from siib-afomie sources in the inferior. So when 
we measure the radiation of a star, we measure 
the {generation of sub-atomic enerjjy. You see 
then that the measurement of sub-atomic enern:y 
is just a common everyday astronomical measure- 
nient. 


To the eiifjineer the release of sub-atomic 
eiiertry on a practical scale is, and seems likely to 
remain, a l.'topian dream. To the physicist it was, 
iiiitil three years ajjo, a field of uncontrolled 
theoretical speculation. To the astronomer it has 
Ion*; been an everyday phenomenon which it 
wouhl be absiiril to ch»se his eyes to. 

Havin**- then measured flu* rate of release of 
sub atomic cnerj^y in all ty])es «)f stars, we can 
«*orrelate it to the temperatures and densities which 
wc have foiuid in the interior. This more or less 
<lirect invest ijiatitm of flu* conditions of release can 
be sup])lementeil by a theoretical examination of 
the conditions of stability of stars confainin*^ such 
a source a line of attack initi/iled bv IVof. II. N. 
Russell. 

II tlu* star conlra<‘ts, the liberation (d‘ snb- 
ai«nnic* cnerj^y must be stimulated; otherwise the 
star is unstabb*. We canmfi deduce astronomically 
whether the stimulus comes from the increased 
temperature or tlu* increased density; but for 
simplicity we shall supposi* it to be maiidy the tem- 
perature. Then each star contracts until its in- 
ternal temperature reaches the value at which 
the liberation of sub-atomic enerny the heat 
radiated and there it stii*ks not ipiite indefinitely 
but for a very lone- ]>erio<l until the sources of 
sub atomic energy show sijiiis of exhaustion. Tin* 
stars on the .Main Series appear to be those which 
have reached this balance and stuck. \ow it is 
one of the results of our i»revious investigations 
that the stars of tlie Main Series from the most 
massive to the liiihti'st havt* practically the same 
internal tcmticrat urc. Wc used !«> •>ive the central 
tf'iiipcrat lire as 40,000,1)01)^, but the fij^ure has 
come down -partly by the reco{>-nitioti of the 
abumlanceof hydro{;cn and partly by the subslitu- 
tioii of a less coiulensed model and the i^resent 
estimate is about 15 million dc{;rees. Hut what- 
ever it is, it is nearly the same for all. It appears 
therefore that oti the .Main Series a small star 
wliicti reipiircs a small amount of ener{*:.y per {fram 
to maintain its radiation and a massive star re()uir- 
iii»: 1000 times as much eiierjiy per «:ram both have 
to rise to 15 million defrrees to liberate. Or to put 
it another way the libciation must increase 1000 
fold ill a rise of temperature scarcely larjfe enoujdi 
for us t«> notice in our rather rouK:h calculations. 
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Another result of the exfliiiiimtiou of the stabi- 
lity of a star is iiiiportaiit. The rate of liberation 
of sub-atoiuie ener}»:y must iiie.rease with tem- 
perature but not loo fast; if it inereases more 
steeply than a eertain limit the star will be thrown 
into pulsation. Some stars do pulsate, namely 
the CVpheid variables but the majority do not. 
Perhaps we may infer that the actual law (if in- 
crease is pretty near the limit, so tliat the ctnidi- 
tions of most of the stars are on the one side and 
those of the (Vpheids just beyond it. Mut there 
is a way by which the star can escape this pulsa- 
tory ifistability. We have been supposinj»: that the 
response of the sub-atomic eiicrfjy to the stimulus 
of temperature is immediate; if there is a bif? — if 
the risin«r temperature stimulates the formation of 
active material which emits the energy later on in 
its own jfood lime, «ir if it starts a chain of pro- 
cesses of which the actual ener}»:y liberation is the 
last then there will be no pulsation. A la^ of some 
flays at least is re<|uired. Provided there is this 
lajf, the stars will be stable, even thou«>:h the enerffy 
liberation increases very rapidly with the tem- 
perature — as our observational results for the Main 
Series stars imlicate and as is also indicated by 
the recent laboratory experiments. 

This is the main information about sub-atomic 
enerffy that we have learned from astronomy. I 
suppose that, taken alto«:ether, it. seems a meaffre 
amount. Hut its importance is considei’ably en- 
hanced, when we recall that on almost every point 
it was comidetely at variance with the views then 
held by physicists. The only form of liberation of 
sub-atomic enerj»:y with which the physicist was 
then acquainted was that of the radio-active 
elements — a process independent of density anil 
unalTected by temperature unless the temperature 
was far higher than Ifi million dej^jrees; and he 
was inclined to be intolerantly disposed towanis 
consider! njf any t)ther process, no matter how 
stroriff the astronomical evidence nii^ht be. F 
caniud but tliitik that this is an instance of the 
harm done by the writers who {^ive the impression 
that stellar investifration is a field of loose specula- 
tion. I’hysics and astrophysics are one subject, 
following the same rules of pro{i*:ress, recoKuiziti^ 
the same standards of rij^orous deduction, and 
utilizing the same corpus of accepted knowicdfre; 


and liable to the same failures through our human 
limitations. 

Various attempts were made to find a loophole 
for admitting much higher temperatures in the 
stars so as to satisfy the x>hysicist’s objection to 
admitting energy liberation controlled by low 
temperatures; for example, Jeans’ theory of 
elements of very high atomic weight, and Milne’s 
theory of the existence of a core of white dwarf 
density in ordinary stars like the sun. We can 
scarcely say that such suggestions are impossible 
without attributing to our existing knowledge of 
the laws of physics greater completeness than we 
care to claim. Hut I think it can be said firstly that 
these theories were found on examination not to 
fulfil what was initially claimed f<ir them — on the 
strength of which they were recommended. And 
.secondly it is not unfair to describe them as agree- 
ing with the i)hysicist on a matter as to which he 
knew nothing at the expense of <lisagreeing with 
him on matters as to which he claimed to kn(»w 
a great deal. 

All that has changed now that these siib-atomie 
processes have been stmlied in the laboratory. They 
are found to recpiire com i)ara lively low speeds 
of the particles, corrseponding to cimiparalivcly 
low lemperaliires such as the stellar investigations 
had indicated. The first criticism I heard, after the 
experiments on ilisinlegration of elements by 
)>rotons had begun, was that 40 million degrees 
was too high a temperature for tlic sun; ami it 
c(»uld not he much over ITi million degrees without 
blowing up. TIappilv we had been beforehand; 
and the revised astronomical eaieulalions already 
low<*red the temperature to a point which makes 
the sun safe for posterity. 

New experimental discoveries liave helped us 
t(» ct»me to an impiu'tant decision as to the nature 
of the sub-atomic energy released in the stars. 
Kor fifteen years we have been hesitating between 
two alternative suggestions. The energy might 
be provided by electrons and protons annihilating 
one another, thus setting free the whole energy 
of their constitution in the form (»f radiation. Or 
it might be provided by transmutation of the 
elements. Kven in this application it remains true 
that we need distinguish only two kinds of stellar 
matter, namely hydrogen and not-hydrogeii; so the 
1 ransmutatiem can be more precisely defined ns the 
Iransmutation of hydrogen into not-hydrogen. The 
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aimiliilatioiL oL' a proton by an electron rorrrs 
j)on(ts to thr complete disappearance of a hydrogen 
atom. Tlie encrf»y released by the transmutation 
of a hy<lrotren atom into tdher elements is only 
about 1/120 of the enerjry which would be released 
by its complete <lisfippearancc. 'rims tlie annihi- 
lation hypothesis provides more than 100 times as 
much CMier^y as the transmutation hypothesis ami 
the possible life time of a star is correspondinjrly 
increased. 

Attempts to <lecide between the two allerna 
tives by astronomical evidence were inconclusive. 
Uut recent progress in physics seems to point de 
cidedly to the transmutation hypothesis; and the 
annihilation hypothesis seems to have been 
«:enerally abandoned. Perhaps the most serious 
bh»w to it was the discovery of the positron by 
Anderson at Pasadena. 'Fhe positron, not the 
])roton, is the true opposite of an electron: and 
pi)sit rolls and electrons do annihilate one another, 
(bir lust for slauj»hter beinj*' thus satisfied, it 
would be incongruous to brin^ in the jiroton 
as an alt(‘rnative a^(‘nt: and we look 
on the supposed annihilation of (‘lectrons by 
protons as a rather misdirect e<l anticipation of the 
real cancelliiijr. 

Simultaneously, the very lonji time scale which 
corresponds to the annihilation liypothcsis had 
lost its attractiveness. The phenomenon of the 
expansion of the system of the jialaxies which 
cioistitutes onr universe, as well as studies t»f the 
stability of indivithial jialaxies make it difficult to 
asi^n an a^e to the stars greater than 
o.(M)() million years. 'Phe radiation I'eiiuireil for 
this period is amply provided for by the trans- 
mutation hypothesis and the hundredfold greater 
enerjjy provided by the annihilation hypothesis 
Would only be an embarrassment. 

Iloth hypotheses were ori};inally theoretical 
suft*»estions : but the transmutation hypothc.sis 
can now claim a definite observational basis. Take 
the sun which we have found to be l/o hydrojfcn 
and 2/11 not -hydrogen. At lo million <le} 4 :rees the 


liydrof^eii is ionized and its nuclei — i.c. the protons 
— arc Iruvellin^ at avernwe* speeds of oOO miles a 
second. We know that in the laboratory protons 
of this speed attack ami enter the nuclei 
of other elements — the not-hydro^cn — and 
brin^ about transmutations in them. \\e 
may hope in due time the physicists will 
be able to trace for us the whole sequence of 
chan$>es ilirect and indirect which result, so that 
we shall be able to find (plant itatively the rate 
(d! disajipea ranee of free hydroj^en under these 
(conditions, and so find tin* amount of sub-atomie 
energy of this kind liberat(‘d in the sun. If it is 
loiind 1(» a^iree with the sun’s rate of radiation, 
we shall th(‘n have definite proof that no other 
source -such as annihilat ion- -is operative. We 
are. of coursi*. far from havinj; the necessary 
Knowl('d^(‘ at present. It is (*ompli(‘ated by the 
fact that although the protons enter atomic nuclei 
and change the nuclei into new (demtMits. in many 
(‘a.ses the new incleus breaks down, after a short 
lime a proton i. slnd out and no permanent trans- 
mutation r(>siilts. Such permanent transmutation 
as is observed comes at the end of a chain of pro- 
(c(‘.s.s(cs of whicJi the attack of tin* proton on the 
nucleus was the first. It is int (‘resting to nutit'e 
that this was already foretold by the astronomical 
invc'stiaations which, as 1 hav(‘ said, demand a 
time-lajf betw(‘en a stimulation of the activity of 
the protons by rise of temperatui'e and the corres- 
pondin'*' increase of output (»f sub atomic enerj^y. 

1 have given you my impLvssion of the way in 
which this new knowledge works in with, and 
so far as we can see, agrees with the existing 
theory of stellar constitution; not IxTause I lay 
stress on the rough conclusions that can be drawn 
ill the turmoil of new discovery. 'Phe data 
available at present are far too scrappy. But 
because 1 want to show how intensely important 
the work on atom-splitting now in xirogress is for 
aslronomi(*al dev(‘lo])ments- -so that we may look 
forward to girat developments in the future.* 

* I,ccture given at tlie Harvanl IVrreiiteiiary con- 
ference of .Vits and Sciences, .Monday evening, Septeniher 7 . 
This ])aper was in the seclion on “Theoretical Physics," in 
the syiii]iosiiiiii on “Physical Sciences." 
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Birds of Darjeeling 

Satyq Churn Uiw 


Till-: iivifauiiii uT Dai-.iooliiij' — a. fascinaitinK 
study uo tioiibt — obviously (conjures up a vision 
of so many ^ay birds (|uitc <lissiniibn* to whait wr 
st*r ill till* plains, of }»:orj»:t»ous roloiir and sweet 
notes, so that we feel interested and in<iuisitive 
not onJy to know about their liabits and Jife- 
history, tlieir eiirioiis <IispJays, their haunts and 
habitats, and many other problems of bioio»:y con- 
nected with their <listribiitioii, whicli necessarily 
involve discursion into the fields of {cooJojry, bo- 
tany, and zoo-neof*rai)hy ; take, for instance, the 
case of remarkable aillinity and iiarallel distribution 
noticeable in forms in sneh wi<lely separated areas 
as the Himalaya, the hills of t'eylon and Malabar; 
and an:ain the question of coloni/.ation of the 
alforesled area of the Himalaya from below 
Kashmir to Hhutaii which fol. Meinertzha^en’s 
resean'hes briny; t<i the fore. The subject raises 
so many issues which will hardly a<lniit of a fuller 
treatment within the space at my disposal, and 
rey:ard beiny had to the limitations inherent in a 
short article like the present one, I would <inly 
propose to touch on some broad and yeneral aspects 
of the altitudinal <listribution of the birds of 
Darjeeliny within the confines of the district. 

The nature and character of a country, the ex- 
tent of diversity in its physical features and its 
climatic conditions yenerally determine its 
characteristic flora and fauna, and this considera- 
tion leads us at tlie very outset to an examination 
of the physical peculiarities of Darjeeliny. The 
latter, as we know, comprises a mass of mountains 
leipliny like a stupendous stairway from the tarai, 
yeoyrapl^ically a part of the Henyal plains, which 
skirts its base, to the Himalaya, bciiiy linked up 
beyond its political bouiuiary with the yreat ranye 
of snowy peaks. It is thus naturally cut up into 
two well defined sections, the hills and the plains, 
and barriny its plains tract DurjeclirLy may be 
viewed as restiny within the confines of what is 
known as Sikkim-llimalaya. One may, therefore, 
realize that the dissimilarities that are iiotieeablc 


in the physical features of the entire area are 
what are inherent in an extensive complex system 
of luountains and valleys with an irreyular belt 
of the low lyiny plains immediately surroundiny 
the foot of the hills. And if one takes note of the 
strikiny difi'erence in altitinle of from 300 ft 
(plains level) to 11,923 ft (at Sandakphu) the 
<lisparity and yradations in climatic conriitions 
hecomc obvious. Such disparity is all the more 
in the interior of the district where the iiimimer- 
ahle spurs and ridyes that run down from the main 
ranyes on their cither fiank form a network of 
valleys and yoryes, very often low, deep, ami 
tortuous, down which dash the streams am! 
torrents of water precipitated hy the heaviest 
rainfall in the wake of the S. W. monsoon. Ijoeal 
rain is also much in evidence before the advent of 
this monsoon, and while the impact of the rain- 
fall is met by the opposiny face of the outlyiny 
spurs much of the water is carried down with the 
consequent result that the wettest tract is at the 
base of he liills. Hiyh humidity follows as a matter 
of course, and dampness ami steamy heat charac- 
terize the climate of the foot-hills and adjoininy 
plains, the valleys and riverbciis. Immense varia- 
tions, however, in rainfall, temperature, and hu- 
midity are inevitable in the peculiar circumstances 
of the diveryent physical fcjiturcs of Darjecliny 
relative to accidents of y)rotectiofi, exposure, and 
slope of the riflyes, thus eondiieiny not a little to 
the emeryence of such diverse climatic conditions. 
The latter react on veyetation, yiviny rise in suit- 
able environments to distinctive zones or plant- 
associations which harbour certain types of birds. 
Such zones are classified as follows: — 

I. Tropic! { 1 

II. Sub- tropical — 2000-5000' 

ITT. Temperate — 6000-9000' 

IV. Sub-alpine — 9000-13000' 

In the tarai vcyetalion ranyes from yiant yrass 
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iiiid matted eniie-brnkes to aal (Shorea rohuata) 
forest of the hiKhcT land alteriiatiii**: with (angled 
.iiin;>:le — iiiiieh of it now eleared for cMillivation. 
Amidst semitropical vejjjetation at alamt -t.oOO ft 
appear the oaks whieh M:radually beeoniin**: more 
miniorous at 0,000 ft f^ive rise to wlwit is known 
as the oak forest rcf»:ion, really a snh-temperale 
zone where the nnder-f^rowth is pereeptibly less 
rank and bamboos, palms, plantains, the screw 
pines and tree ferns are seen. .Xbove iSOOO ft is 
the temperate zone hi which maples, oaks, chest- 
nuts, and magnolias aboiiml. The trees are 
mantled with ferns, mosses, ami epiphytic orchids. 
The sub-alpine zone is practically the region of 
the rhotlodemi 1*011 ami pine forests. Jhtfa 
fVehbiana, commonly known as silver fir, appears 
above Tan^lu, forminj? in some places open forests 
ami usually putting on a blasto<I appenranec 
evidently as the efloct of litthtin**; and violent 
storms to which they are exposed. The alpine 
zone lies beyond the sphere of Darjeelin**: where 
the limit of trees is rea<*hed ami the line of ])er- 
petual snow aptiears. 

Such is only a rough idea of llu' <li versified 
features of the place a<lmitling of some broad divi- 
sions into zones due to altitude, climate, ami other 
factors which we owe to Hooker aii<l others for 
|)ointing out. It is difTtcult, however, to lay too 
much stress on the definition of the zones in 
pointer! reference to the specific vegetation men- 
tioned by Hooker. Kor not only are there constant 
changes going on for human reiiuirements which 
alter much of the character of the virgin soil and 
primiti\c forest, some irregularity naturally 
arises due to exigencies of the ph3^sical peculiarities 
of the country, and nowhere is this more in evi - 
dence fhan in the deep, narrow valleys and river- 
beds where tropical vegetation meefs the lowest 
hell of the temperate flora reacting in some degree 
in a similar way on the conditions of birdlife. 

The several zones with their special ecological 
characters harbour a varied avifauna ranging 
from the forms peculiar to the plains to those 
specially adapte<l to high elevation. While the 
plains species usually have their habitat in the 
low-lying belt surrounding the foot of the hills, 
and the diverse mountain forms are normally dis- 
tribute<l in their range within the respeetive 
zones, eonstaney of <lislribiiiion within the limits 


of sueh zones cannot always be looked for, for very 
few birds are strictly resident, the majority being 
given to eonsiderahle movements, not only seasonal 
as well as migratory, but also under stress of 
weather and other circumstances («*.//., denudation 
of forest, etc.). It is at the period of nesting when 
the conditions of hirdlife in the ilistrict are practi- 
cally stable with very little sign of such movements 
that one can form aii id(‘a of the distribution of 
the species in relation to the zones to which they 
are attached. 

Take the case of some common birds. We are 
more ur less familiar with the Shama (Kiilacincla 
malahfiricii inriica S. Hakcr), fin* Hhimraj or the 
Kackef tailed Drmigo (Dlsarmnrus paradiacua tjrandia 
<iould). Harewa or the (johl fronted (Mdoropsis 
{Chloropsis a. aitrifrons Tcmm. & Laug.), the Hill 
.Mynah or (Sracklt* (dracula rt'liffiosa inter- 
mrdia Hay) arid the Ihmgal liulbul (Mnlpastea 
cafer henf/atniais lllyth) which are noted as 
cage-hinls. All of tIuMii arc foumi in the 
plains tracts (d‘ the district, and al- 
though they move about a good derd, siicli move- 
ments arc fairly cmdined their tropical range 
seldom exceeding a few hundred feet beyond it 
which may very wr*ll r*omi‘ nmler the semilro])ieMl 
zone. \ striking variation, howevm*, is notic(*able 
in the mov(‘ment of the (*ommi>n Heiigal Hnibnl 
which approaches an elevation well-nigh in the 
lowest bell of the temperate zone. I Inive found 
the bird in tin* envir*oris of the .station of Darjeeling 
below bebong. This phenomenon is only explain- 
able by the fact that (he deep, narrow valleys, 
where almost tropical <n* semitropical conditions 
prevail, provide a channel for its ascension or de- 
cent to such extremes. .\nd it should be noted 
that even at the extreme limit of its ascent the birtl 
fre<|nciils the surroundings of the valleys. It is 
sometimes ilillficnlt to follow the movements of some 
birds like the Long-tailed Hroadbill (Psariaomua 
dalhtmaiaf Jameson), the Orange bellied (Miluropsis 
(Chloropsis h. hardwickii Jerd. & Selby), the Nor- 
thern White-Kye {/oaterops pulpehroaa elwesi 
S. Baker), which arc sometimes met with in the 
immediate vicinity of tlie town of Darjeeling. A 
careful ob.servation reveals, however, that their 
distribution has always a. reference to valleys and 
gorges through which they move up or down, as 
occasion arises, to find their congenial hauiitS; 
Three speeies of Hornbills, which are known to us 
as Dhatieah occur in Darjeeling, and of these 
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Dichoccrros h. hicornis Liiiii. or the (Jreat 
is fouiul generally from tlie base of the hill to a 
limit whieh etmies jmietieally well over the semi- 
tropieal zone, wherever there is heavy forest, (’ulti- 
valioii ami elearanee of junj^^les have brought rapid 
ehaii^es in its normal habitat, lienee arises the 
neeessily for its seareh for other suitable haunts 
and eonseiinential variation in its raiij^e of distri- 
bution. The Kufous neeked Hornbill {Acerost 
niptilrnxis Hod;;s.), though it is partial to low 
valleys, has been found to invade the frinj*:e of the 
temperate zone. 

Comin**: to the binis of the temperate zone we 
are eonfronted with the speeies p<»piilatinj»: rou‘»:hly 
an area from about the height (d‘ Kurseonj; to an 
elevation of a littb* over lOOO ft above the town of 
Darjeelin**:. I have referred to the eharaet eristic 
vejietation of this z«»ne and need only <lraw' the 
rea<Ier’s attention t<» one striking feature, vh., 
the mantle id' mosses and fern like growth cover 
inf* the shrubs and trees. These mosses, etc., har- 
bour plenty of insect-food for the binis and also 
provide ncstiuff material and even nestinf*: site 
for them. Some resident birds of this zone are 
the Sikkim Ued headed hauffhinK-Thrush (Trocha- 
lopteron cr/fth race phal urn h if/ ri men turn Oates), the 
Ked-hcadod Tit ( .KtpthaUxvux convittnux amcinnux 
iredaivi S. Baker), the Red tailed Minia (3/m/a 
tf/nofinefa Hodffs.), the Vellow-naped Ixulus {IjuIhs 
f. flavtcolUx Hodfrs.), the Striated (Ireen Bulbul 
(Alctirux xtriatux Blyth), the Larffc Niltava {Xiliava 
</. f/randix Blyth), the Uiif<ius-bellied Niltava 
{Niltava X. xundara Ifodffs.), the (.^hest nut-bellied 
Hock-Tlirii.sh {Mnnticnla rufixjentrix Jerd. & Selby), 
the Ohestnut-headed Ikdibler (Psennilff minia c. 
caxtanvicepx llo<|os.), the ( 'best nut-hea<led Wren 
{Texia c. casianeocuronata Burton), the White-brow'- 
ed Short wiiiff {lirterojcenicux cruralix Blyth), the 
J)ark-f»rey Biish-(Miat iHUudophilu /. ft'rrea (Iray). 
.Ml of them are fairly con.stant tti their zone in 
the breediiiff period, but in wilder .some de.seend 
down to the tarai. 

The Himalayan rarifre is a fjreat centre of dis- 
tribution of many Pheasants, of whieh the Kalij 
(dennanix lencomrlanos melanaiux Hutton) f*:enerally 
keeps to the temperate zone, while the Traf*:opan j»r 
the Orimson Horned Plnsisant {Traf/opan xatt/ra 
Linn.) has a wi<l(T ranf;e, specially in summer 


w'hen they invade the sub-alpine zone. Winter 
conditions, however, arc responsible for much of 
the variation in their movements when the zones 
cannot be clearly defined. The Monal {Lophopho- 
rux inipejanux Lath.) and the Blood Pheasant 
(ithatjenex c. cruentus Hardw.) arc found no doubt 
in the sub-alpine zone of the district, but they 
ascend still hif»:her altitudes, beiiifc clearly palae- 
arctic species as distiufyiiished from purely Indian 
forms, known as oriental, which hardly cross their 
zoo-p:eofjrapliieal boundary in the Himalayas. This 
boundary line is no doubt arbitrary and has been 
rcfrarded as followiiif*: a course at a fi-\e<l altitude 
in the Himalayas. It is stated to occur at more 
or less indefinite limits from S,000 ft upwmr<ls, 
yet is relative to the vefjetation, beariiif*; a close 
connection with the lowest limits of the conifer- 
our forests, and is thus in reality a bell below the 
pine.s. It will be seen, therefore, that so far as 
the <listricl of Darjeelinf*: is concerned, somewhere 
in its temperate zone falls the bonier land between 
the palaearctic and oriental rcf^ions, where an 
admixture of types of avifauna of the two regions 
is noticeable. The i»ines and rhododendron ,jun 
f^lcs, as we may see in our ascent 1(> Sandak- 
phu, are typical haunts of many i)alaearctic birds, 
e.f/., Nutcracker (Nudfraf/a cariforatnvtex liemispila 
Vif*:.), the Himalayan Pole-Tit {Isophophnnvx alcr 
aemodiux Blyth), etc., as much as of diverse oriental 
forms, /*.</. Vuhina, both Stripethroatecl and 
Slaty-headed (Yuhina r/. (jularis Hodfis. and >’. n. 
occipitalix Hod^s.), lfodf»son\s hHilvetIa (Fulvrtta 
V, vvnipvclnx Hod^s.), the Black-faced Laufrhina:- 
Thrush {Trochalopteron a. affine Ho*Ih:s.) ami some 
ffor{»:eous Sutd)lrds like /FAhoppf/a i. U/nicauda 
Hofl^'S.. /Kthnpi/ffa n. nipalenxix Horl^rs. which in 
summer hover around the rhododendron nower.s. 

I have attc>m])ted to f;ive here tnily a hurried 
outline of some broad aspects of the distribution 
of the birds of the district, and this, I hope, will 
f»:ive some idea of the number and variety «»f its 
avifauna. Pallin^r as it does within the confines of 
the Sikkim-Mimalaya Darjeeling;, as we liave seen, 
cannot divest itself of its composite f;eof;rnphical 
character, and in proportion as it preserves this 
character undespoiled the variety and wealth of 
its avifauna are discernible to a frreater or lesser 
dejrree. Space will not permit my discoursing; on 
any other aspect of birdlife, imd J would only 
conclude by enumerating .some characteristic birds 
which inhabit this interostinf; zoological country. 
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Tho ljaniinorj?cyei* or the* Vnltuiu* 

{Gifpaetus barhatus hrmachalmius Hutton) notorious 
for hoinj' foiiml at an c*k*vation of 24,()()() ft <liirin«r 
Everest Expedition is seen at Plnilut and Saialak- 
phu and is sometimes observed to deseend to tiie 
elevation of Kuvseon}^:. The Himalayan Ked 
Jejrpjed Faleonet {Microhierax c. corrulfscriis Linn.) 
revels in the warm environment of the valleys ami 
so dues the Froff-moiith {/iairachosiomiifi jttvni.sis 
hodffsoni tlray). The latter as much as the Hroadbill 
(the lon«;-tailed speeies, Psarisomus dalhonsitw dame- 
son commonly seen in the Tista Valley), an aber- 
rant which is found nowhere else and also the Ued- 
headed Trof*:on {Ilarpactvs r. crpfhrocrphnlus 
(lonid), the Larfre (Jreen-hilled Malkoha (Phopo- 
difiix /. trisfh Less.), the Indian Dronjjo-t ^lekot) 
{Snrniculus luffubris dicruroides Hod»s.), the Hroad- 
billed liollcr (Ivurtfxlomux o. nricnitdix Jiinn.), the 
Streaked Spiderhunter (.tracliHothrm m. maf/na 
Hod^s.), the Fairy lUue Ibrd {Irma />. puvUa 
Jiath.) are noteworthy sijceies which have their 
eoiifyenial habitat in ditVerent elevations of the 
Tista Valley. Some remarkable hijrh elevation 


birds that are even found in winter between 
Samlakphu and Fhalut are the Snow PartFalj^e 
{Lerwa Irrxca Hotl^s.) and Hodjison’s tirandala 
{(Irandala v. covlicnlnr Hod^s.). Lastly, the. birds 
which are attaeln'd to jhora environment, dwelliiif*' 
near cascades or torrents, deserve mention, — the 
Himalayan Whistlinj^-Tlirush {Mifinplionux covrule- 
itx irmminchii Viy:.), the Whit (‘capped Kedstart 
{Vhaimarroruix Icuvocvphtdux Viji.), the Spottinl 
F(M‘ktail (P.nicurux macuiaiitx <jattalitx <!ould), and 
IMlimbeous |{(‘dstart (Phifcornix j'liliffinoxiix Vijt;.). 

'riiere must have been many obvious omissions 
in this list, and without attempting to ^o into 
flirt I kt derails 1 ih'imI in eonclndiim- simply stress 
th(‘ fact of the ama/inj* wi'alth of the bird faunca 
of I)arji‘(*lin^ by pointing' out that of the 549 
species and subsjiecies (excludin'*: the innumerablo 
waders and ducks mij^ratiu}* over the country) 
rec<irdi‘d for ti e Sikkim-llimalaya 90% arc found 
within tin* limits of the district.* 


• na‘;iMl on a iliscnurse at the Rotary Chit), Calcutta, 
oil Oct. b, I03(). 
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All-India Education Conference 

'riiis year llit* All-Jiidia K(liu-ali«iiinl 
will inffl at (iwalior. A wiirkiiif^ com- 

mitter is actively workiiifi; for I lie last few inontlis 
iimlcr .Mr. V. (i. Dani, itcpiity inspcctor-jrcn<‘raI of 
secondary edm’atioii, to make tlie Conference a 
.success. Rao Hahadiir lliilyc. the Kdiication M«*m- 
ber, is the chairman of the reception I'ommillec. The 
followiiij^ list of sections into which the conference 
divides n)i its work will ^ive some itlea its scope. 

(1) C'liildhood and (Ionic e<ltic«ition ; 

(2) Primary and rural education; 

(.‘i) Sccondarv c<lucation; 

(I) l.’niv«*rsity education; 

(5 ) Adult education ; 

(d) Vocational 'J’rainin^; 

(7) Examinations; 

(8) Health and physicnl education; 

(t)) Training' and Kdiicational Resefin-h; 

(10) Moral and Religious education; 

(11) Internationalisiii and Peace. 

Each section will have a full programme of 
lectures, discussions, and demonstrations. 

Psychoanalytic Treatment 

'L'hough psychoanalysis to-day is one of the most 
important schools of psychology, it started as a 
branch of medicine, and is still claimed by its ad- 
herents to be highly efficient in treating mental di.s- 
orders. In fact psychoanalysts say that, if pniperly 
treated, all cases of mental diseases can be cured 
with its aid. 'I’hey further claim that in many cases 
psyehoanalytie method is the only method that can 
effect a cure. As bonafide psychoanalylitr medical 
practitioners are not very common, and even those 
that exist are not very wholeheartedly at-cepted within 
the folds of the orthodox medical profession^ it is 


difficult to get reliable statistics regarding the efficacy 
of this method. Acconling to a recent note in the 
Scirniific American, Dr. H. 'I'. Hyman of New York 
iiiaile a study of t.'i i-ascs of mental patients, who were 
treated psyclioaiialytieally, for testing thi.s point. Of 
these, 15 suffered from .serious mental troubles. 
In 12 cases out of the.se 15, psychoanalysis could 
not achieve anything. In two cases, the result is 
still doubtful, while one jiaticiit, a hoinosc.xual, made 
a brilliant rcc*ovcry. The remaining 28 ca.ses were of 
;i less serious nature, e.//., hysteria, anxiety states, 
(ihscssions. etc. Of these, 17 eases distinctly improved, 
while I 1 got no positive benefit. 

Though the Freudians claim that this mi'thod is 
applicable to patit'iits of all ages, Dr. Hyman has 
.•cmc to the conclusion that successful patients arc 
generally above 25 years and beloiv 40 yt‘ar.s of age 
und should be intelligent, with imagination, and pre- 
ferably edneated. In America the total fee 
for psy(>hoanalytic treatment averages from 5,000 to 
0,000 dollars per case. The average visit costs about 
10 dollars and there arc likely to be 250 — 270 .sessions 
a year. It takes about IS months to 2 years to com- 
plete an analysis. FA iilently, therefore, it is tmly the 
rich who can afford a course of psychoaiiiilytic treat- 
ment. 

Award of Honorary Degrees 

The academic council of the Lucknow University 
has decided in a recent meeting to confer honorary 
flcgree of 1). Litt. to Sir ,1. P. Srivastava, Mr. C. Y. 
C'hintamani, and Rai Rajeshwar Bali, the Minister 
and ex- Ministers of Education, U. P., at the next 
conioeation. 

Agra University 

At a recent meeting of the executive council of* 
lilt; Agra University it was decided to award the fol- 
lowing doctorates at the next convocation to be held- 
on Nov. 20. 
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(i) 1). Oil Mr. Raj<1iiil)ir Sin^li for liis tlu siv 
on “Malwa in transition — A rontiiry of Anaroliy.*’ 

(ii) D.Si*. on .Mr. Rrij Mohan .lohri for his 
thesis on "Morplioloj^y of the Ahsiiiai-tar ami 
Hiitomaecae.” 

Training College for Rajputana 

M its annual meeting held on Oetoher 17. tlie 
Rajputana Hoard of Kdueation has aeis-fiti'd a seheiiie 
of estaldishing a training eollegt* at .Vjiiier. A eoni- 
initlet* eonsisting of Mr. tl. (\ ('hatter jee, cliairmait of 
the Hoard, Dr. P. Hasii. viee-ehaneellor, Agra L'niver 
sity, and ^fr. Owens, direelor tif edueation. Jaipur 
.^tat(‘, has IxTii formed to negotiate with tlie (iovern- 
nieiil of India in this matter. The Hoard has deeided 
that the college should lie loealed at Ajmer, as .Vjnn-r 
posNt'Sses a training school with excellent grounds and 
ImildingN and has five high schools, which will provide 
facilities for ])raetieal training. As there are a largt‘ 
nuinher of schools and interiiusliate eolleg«‘s in Haj' 
])utana, Central India, (iwalior, and .\jnier M(*rwara 
a large number of trained teaelu'rs are recpiired in 
these parts. A training college at >\jiiier would there- 
fore serve a useful ])urpuse. 

The Hoard considered the report of the suh- 
coiiiinittee apjiointcd to go into the question of sug- 
gesting subjects for vocati<inal education and resolved 
to defer consideration of the matter until the ailviec 
of the experts in this branch of edueation to be ap- 
pointed by the (loveriiincniit of India was available. 

The Hoard tleeidci! to reeomnicnil to the 
(.'ontrolling Authority that the Stales and the Hrilish 
areas under the jurisdietion of the Hoard be «-onsultcd 
regarding the desirability of establishing an affiliating 
university for Rajputana, ('eiitral Imlia, and 
fiwalior. 

The Hoard referred certain extracts from the re- 
port of the L-neiiipIoymeiit (^immillce, I'liitc'd Pro- 
vinces, to its Curriculum (!ommitlee for consideration. 

The Hoard granted provisional recognition to the 
Alexandra Jehangiria High School, Hhopal, for its 
High School examination of lO.'lS and on certain 

conditions. 


The Hoard fixed March 5, lit.'lT. as the date for the 
ronnm ni ciiu-nt of its examinations to be held in lUtl7. 

A Modern Map of India 

'I’o many people it will come as a surprise that 
India still laiks a really modern map. India is of 
iiiiirsc heing mapped continuously since the founda- 
tion of the Trigonoinetrit* Survey of India in 1818, 
but maps produced before IPO.) wen* very crude. The 
modern ideal in map-making everywhere is to have no 
map wliii-h is more than 20 years old. It is however 
eonsi>ling to know that probably no country in the 
world has realized this ideal in practice. In old maps 
hills and nioinilains were indicated mendy by hachurcs, 
blit modern maps require a complete contour survey 
of the country. 'I’his is what the Survey of Imlia is 
now doing. 

'rile work was started in 1P05 as a residt of a 
eoininission which sal to consider the then existing 
ma))s of India. It was hoped that the work could be 
completed within 2.3 years but owing to the intervention 
of the war and sueeessive retreiudnm'nl campaigns, 
only 1.2.'»..‘>2vS sq. miles out of a total area of l.S8l,()87 
s(|. miles (imdiiding Hurma) have been surveyed till 
now. Large areas in (’entral Hurma, eastern Hengal, 
north Hihar, south Hornhay, Ciujrat, Sind and western 
Rajputana are still to be ina))ped on modern lines. 
It is hoped that even wiieii Hurma is separated, the 
survey work will continue with Hurma bearing her 
share of the cost. 

'I’en parties of workers are now engaged in this 
survey work. Nine of these do the actual field work 
in the winter months anil during the rains they do 
the drawing work. One party which work.s on the 
Himalayas is active mainly during the summer, retiring 
flnring the rains and winters. 

Japan's Educational System 

’I’he Asiatic licvinc for Oetoher, lf>.‘b), eontain.s 
an aeeoiint of Japan's ediieational system by Mr £. H. 
Anstie which will re])ay a careful study. We learn 
from this paj)er that since 1872, primary edueation in 
,lapan has been compulsory, and to-day, edueation 
in all stages is the business of the State. In fact 
tlie author says that to-day, from Kindergarten to 
rniversity, the child is iimler official control. In view 
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Girls* Education after the elementary schools. 


of the increasing tendency in the (iovernment of India 
and provincial governments to divest themselves of all 
responsihility in Kdiieatioii., anil concentrate merely 
on law and order, a short account of the activity of the 
State in Japan may prove quite instructive. 'I'his is 
shown in a tabular form: - ~ 


Institution ; ; rercentaK^ of Stuilents 


System 


State Mi xeil | 5-11 
Elementary ! 
Schools • 


Boy’s Middle I 11.12- 
School 16,17 

j <*1 assies, 
i History, 

I (»co)[»raphy, 

I Mathematics, 
i Science, 

I Technical 
I studies, wood- 
! work, a h»reign 
language. 


of chililren of 
school going age 
attend these iiistitii- 
tio ns. All cl asses, 
high and low attend 
these schools. 


Co-education 


17% from elementary j MoraK Civics 
scliools, taken hy Japanese 

competitive exami- language. 


|50% of the students in the Midille Schools do not 


proceed further) 


Institution 

Age 

rercenlage 

Syllahus 

Boy’s Higher 
School 

16,17 

24% 

Preparation for the 
Universities 

Boy’s Higher 
Trade and Tech- 
nical Scliools 

16,17 - 
19, 20 

24% 1 

j 

^ Commerce, Ktigincer- 
iiig, Navigation. 

Colleges. 

75 


50% 

Professional study in 
pharin.'icy, dentistry 
etc. 

Teachers’ 

Collegs. 


2% 

P'or training teachers. 

Universities 

46 

19, 20-22, 
23 or 4 


Have faculties in arts, 
sciences, iiicdicitie 


years in 
medicine 


Gives the degree of 
Gakiishi, or learned 
gentleman 


22, 23- 
24, 2" 


Post-graduate course 
in doctor’s degree. 


Institution 

Age 

Percentage 

S 3 '.stem 

Girls’ High 
School 

11—16 

18% of 
girls from 
elementary 
schools " 

Secondary' school 
tjqie. This marks 
usually the end of 
education for girls 

Supplemen- 
tary Course 
for 1 or 2 
j'ears 




l*ost- 

(rraduate 

Course 

1 1 

! 


Education brought 
up to the Standard 
of Boi-’s Higher 
School 

Colleges 

41 

Normal 
schools. 1 


I 

i 

Profe.s.sional training 
in iiiu.sic, nursing 
etc., etc. 


According to this writer, the results from this 
system and education arc as follows: — 

“'I'lic completeness of Japan’s cdueuLioiial system 
and the thoroughnc.ss with which it is controlled has 
undoubtedly been a great factor in Japan's rise 
to the position of a first — rate power. It has given 
her an educated ])roletariat and a supply of intidligcnt 
and efficient workers for her industries, who are yet 
content to remain workers and to do their duty in the 
station of life in which they find themselves. It has 
given her a population animated by a patriotic single- 
mindedness which gives tremendous weight and drive 
to her clTorts at expansion." 


Curriculum of Medical Studies in the Calcutta 

University 

The Committee, appointed by the Calcutta Uni- 
versity of Lt. -Col. T. C. Hoyd, Dr. U. C. Roy, 
Lt.-Col. P. Plcining fiow. Dr. M. N. Bo.se and Dr. S. 
K. Milker ji, to report on the curriculum of medical 
studies under tlie University, has recommended that 
the curriculum should be divided into two periods, a 
pre-clinical period (two years) and a clinical period 
(three years). An examination (the first M. B. 
examination) .should be held at the end of the pre- 
clinical yjcriod, which a student must pass before he is 
allowed to yiroeeed to the next stage. 

At the end of the elinieal period an examination 
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(the second M. B. examination) should be held in two 
parts. Before a student can obtain his M. R. degree 
he should produce a certificate that he has attended 
a further six months' course of approved clinical 
study in a recognized institution. 

Admission should be througli a specially constituted 
examination called the "l.Sc. medical" examination. 
Students who have passed an ordinary I.Sc. examina> 
tion may be admitted to a medical college after a 
complete six months' course in those portions of the 
medical group in which they were deficient and after 
passing an examination in those portions. 

Death of Dr. A. H. Mackenzie 

The death has occurred of Dr. A. H. Mackenzie, 
Pro-Vicc-('liancellor of the Osmania University. He 
entered the Indian Kducational Service in l.*t08, was 
the Principal of the Government Training College 
for eleven years, was then made the Director of Public 
Instruction, U. P., and was also the nominated Vice- 
Chancellor of the Agra University for one term. He 
took great pains to organize the primary and verna- 
cular education in the United Provinces, as also the 
training of teachers, both in primary an<l secondary 
schools. 


A Reader for the Calcutta University 

Dr. Hermann Goetz, Conservator of the Kern 
Institute, Leyden, has been appointed a special Uni- 
versity Reader to deliver a course of lectures on ‘The 
Genesis of Indo-Moslem Civilization’ and ‘The Crisis 
of Indian Civilization in the Eighteenth Century." 


Public Instruction in Bengal 

The report of the Bengal Government on Public 
Institution in Bengal for the year 1931-115 reveals that 
though there was a decrease in the number of primary 
institutions in the year under report, the numlxir of 
pupils increased. The total number of school pupils 
attending primary schools was 861,00.‘l, the corres- 
ponding figure for Muhammadans l>cing 1,044,677, 
lioth figures showing a substantial increase on the 
last year's. 7.5 p.c. of the total Hindu male popula- 


tion and 7.3 p.c. of the Muhammadan male popula- 
tion were receiving primary instruction. The report 
docs not clearly state under what circumstance^ the 
number of primary schools fell to 70,241 recognized 
and 1,419 unrecognized ones, from the last year's 
figures of 70,338 and 1,588 respectively. 

At the secondary stage were 3,194 schools 
with 480,9(]<1 pupils, as compared with 3,170 schools 
with 463, 060 pupils in the previous year. There were 
44 arts colleges for males and 7 for women, with 
23,746 pupils, the corresponding figures of last year 
being 45,6, and 22,427. 

Ancient Coins in China 

A valuable eollecdion of ancient coins, probably 
belonging to the T'ang (6tli century) and Sung 
(960-1270) dynasties, has been unearthed by a farmer, 
while digging a well at Ting-chwang in Hsiang-chen- 
aboiit 70 miles south of Chcngc-how in the Ho-nan 
province. 'I'iie find, containing about 3,400 pieces, 
has been made i»vcr to the provincial authorities for 
exhibition. 


Lord Nuflield’s Gift to Oxford 

In the West, especially in Great Britain and 
America, magnanimous monetary gifts made by piibliu 
mim to the Universities, and other educational institu- 
tions for the development of scientific studies are fre- 
quent. The latest well-known gift is that by Lord 
Nufiicld who recently made over a sum of X 1,250,000 
to the Oxford University for the development of the 
Nuffield Institute of Medical Ilescareli. It is, indeed, 
impossible to over-estimate, as Sir Kingsley Wood, 
referring to the donation, recently said, all it would 
mean not only to research but also to the many im- 
provements in the health of tlic nation. It is needless 
to say how we wish such noble examples as 
set by I.ord Nuffield were eiiiulaled by other 
for educational purposes is few and far between and 
where education stands so badly in need of it. 


Financial Position of the Institute of Science 

The audited statement of the financial position of 
the Indian Institute of Science, Bangalore, shows 
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lhat tlic lolal iiKMHnt* durin|j: was Us. 5,82.n04. 

The main items muli-r n*eeipts were: — 


Us. 

)h)ni))ay Properties 

'J’rcasiirtT of ('harilahle Kmlowiiieiits a.aUMTo 
Cfovernmeiit (»f India l,5().()()() 

Ciovernment of Myson- .‘iO.OOO 

(ioveriimeiil, of Madras 5.()()() 

Cfovornmeiit of Ifyderaiiad 10,000 

(ioverniiieiil (’eiitral Proviiiees l..>00 

Goveriimeiil of 'rravaneore .‘I.OOU 

Imperial doiimil of A^rieidliiral 


Iteseareli (f**** Hit»eliemieal resean-li) -2.502 


'I’he expenditure for the year was Rs. 0,57,220. 
wliieli inelnded items of ea|nta] noii-reeurriiijr nature 
totalling Rs. 1.01<«2;M). 'J'lie I'xpendilnre during llie 
year tlnis ex<-eeded the iiieome by R-s. 7K025. 

'I’he bud^t'l estimates for 1J);0»-.‘17 provide lor an 
iiieome <if Rs. O.fM.575 and an expernlitiire of 
Rs. 5,7ii,syK iiielndiii^' Rs, .*{1,000 for eapital expendi- 
ture. 


Conservation of Coal Assets of India 

'I’liat the present metliods of extraelin^’ ec»al are 
wasteful and are attended by <Ian/[;er lr» life has been 
broiiv^ht out by fires whieh are, after so many iiioiiths, 
still ra^iiifT in some lieltls. Sir T.ewis Termor, ex-Diree- 
lor, (ieolo^ieal Surrey of Tndia, in his note on India's 
eoal resoiirees jnd)lished last year, has draun a pessi- 
mistie pietiire and lias uttered a warnin;<-. In this 
eonne<'tion we would draw the alleiition of readers to 
the artiele ‘Conservalion of Tiidian Coal’: by Dr .S. 
K. Ray of Dhanbad, appearing <*lse where in this issue’. 
The Indian ei>al interests have been averse to a eoiii- 
pulsory sand-stowiiig metliod advoeated by the (’oal 
fields Committee of 1920. It is said that if the 
Goveriimeiil had been firm on this question and had 
adopted the prineiple of statutory (ronservation in time, 
tlic fires w'itnesseil in rc<!ent months and the loss to 
stoek of eoal would not have been caused. 


The (b)vernment of India's re-solution on this suli- 
jeel shows their eoiieern for the urfrent need of conser- 
ving the eoal assets of this eountry by improving the 
metliods of extract ion and preventing avoidable waste. 
Though certain emergency steps have been taki’ii to- 
wards an'ording greater protection to the miners with 
the concurrence of the legislature, yet these are, says 
the resolution, not likely to prove adequate in future 
years. 

'riic Government of India have aeeorilingly deeid- 
etl, as already aimouneerl in the Legislative Assembly, 
to appoint a coirunittec <if experts to inquire 
into the methods of extracting coal underground 
and report on the measures whieh should bi‘ taken 
(1) to secure the safely of those (‘injiloyed in this 
work anil (2) to prevent avoidable waste of »*oal. 

'I'lie personnel of the committee is as follows: 

Chairman— -Mr. L. R. Riirrows, (Commissioner. 
Riirdwan Division; Sir .lehangir Cooverjee Coyajee, 
professor, .\ndlira I’niversily: Mr. ,1. Maekie. agent, 
Kastern Coal Ci>m]>any. Ltd.; Mr. IL K. N;ig. agent, 
('liasuala Coal Com|>an\ ; Mr. N. Harraelongli, Inspee- 
tor of Mines; Dr. AI. S. Krishiian, geologist. Geologi- 
cal Survey of India (nu'inbersj; and .Mr. M. Ikram 
ullah, secretary. 

The committee's inquiry will be limited to the 
eoallields in Reiigal, Hihar and tin* Central Proviiieivs 
and its headquarters will be Calcutta. It is I'xjieeteil 
to assemble about the end of nc*xt month. 

"In connexion with part (1), the committee are 
being asked to consider spe,cially (a) the dangers aris- 
ing from underground fires, (b) dangers arising from 
collapses and workings ami (e) the suitability of ex- 
plosives in use and of methods of using and storing 
them. 

“In eoi.iicxion with part (2) the committee are 
being asked to consider specially (a) the control that 
should be exercised over mining methods to ensure, 
lhat a substantial proportion of eoal is not rendered 
iiicajiable of extraction, (b) the extent to whieh it. is 
desirable and practicable to enforce partial or com- 
plete filling of space from whieh coal is removed by 
ineombustiblu material', and (c) the manner in which 
the cost of any aeliun that may be. reeoininended should 
be met.” 

The committee will tour the coalfields in Rengal, 
Hihar and the Central Provinces, will examine the. 
existing methods of extracting coal. 
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It is reported llie eoininillec will .start to work 
from Xoveiiilier and will submit llu-ir report 

wliieli is expeeted to reaeli tlie CJovernineni of India 
some time is Mareh, 


Discovery of New Minerals in India 

At a meeting of tlie Mininfj: and f Jeolojiical In.sii- 
tiile. of India, Dr. ,1. A. Dunn ami Dr. A. K. Dey of 
tilt; Cietdoj^ieal Survey of Imlia tleseribed eerlain tle- 
]iosits of iron- ores eoiilainiii^ vanadium and (il.iniiiiii 
in the Siii^^bbiitii ilislriet and llu‘ Mayurblianj Stale. 

'I’be vanadium is eontainod in a new iiiim ral ealled 
‘eoidsonile*, wliieb lias been deteeled only bv tlie iui 
proved teelini<|U('s now inlrodiieed at the ( M‘ol<»*;ieal 
Survey T.alxiratory. ^^Hna<lium is used in the* inanii 
faelure of speeial steels, in elieiuislry, in ])holoy;ra|iliy 
ami in tlie ]iaint, eeramie and ^lass iiidusirirs, while 
titanium is neet‘ssary for modern brush and s])ray 
laetjiiers and pii^meiits, in tlye industry, in s|»eeial 
steels and in eompoiimls used bn* smohe sereens. 

Progress of Civil Aviation in India 

In the Legislative Assembly, Sir Frank \ovee 
laid a statement .showing the progress of e.ul aviation 
in India. A new landing ground at Cuddapali bad 
been eompleled, work at Mughal Hhim was in pnign’ss, 
landing ground surfaces had been improveil, runways 
eompletetl at .laeobabatl, Delhi, Chiya, .\kyab and 
Ibi.s.sein and improvements were in progress at C’liitia 
gong, Diiin Duni and .luhii. Work was m aring eoin 
pletion at Karaehi, Ilyth-r.abad, Allahalwid, Cawnpore, 
(iaya, Caleiitta, Akyab. llangoon and Hoiiihay. 
'rweiily Army landing gnuinds hatl bt'eii thrown open 
Iti eivil aireraft subjeet to eerlain eondilions. 'I In-re 
were, in addition, *2H landing grounds in eliarge of the 
IL A. F., which had always been open lo eivil airerait. 

Sir. P. C. Ray’s Proposal 

We have it from a })ress report that Sir F. (’. Ray 
has propo.sed to the llengal C’liemieal and IMiarmaeeii- 
tieal W^orks Ltd., of wliieli he is the founder, that il 
should contribute Rs. 15,000 a year to the Caleiilla 


Lniversily and inedieal institutions of the City 
I he ])roiiiolioii of seit-ntitie invi-sligalions. e.speefaHj' 
]diysiologieal researeli <in drugs, ami for the erealion 
of a fiiml lo help hospitals. One of his aims, he say.s, 
ill starting the firiii, was to (rain a body of men in 
hiisiness. the sueeess of whieh, espeeially of the one 
like tin- Ih-iigal Chemieal and IMiariiiaeeutieal Works 
dept-iids to a very large l•xt^•ul on tin* growth and 
d(‘velo)iiiieiiL of seieiiliii<- n seareli. frermaii. Ameriean, 
or Kiiglish firms spend lliousaiids of pounds every 
year for siieli purposes. .\ml siiisly tlie Heilgal 
('liemieal Works eaii. following their examph-, iteviile 
a frat-tioii of ils profits towards thesi- ends. 

Dr. B. S. Guha 

.News has hrrii n-eri\»sl that Dr. H. S. (Julia, 
aiitliropologisi to Ihi- ( iitvermiit iil of Imlia. /oologieal 
Survey, (‘all-ill la. ha^ been i-lei-led a iiitiiiher of the 
Comile 1 iiteriial ioiial de pn-par.-il ion .^eietil ilirpu- of 
tin- Instihilr I nlcniai ion.-il I )'anthi‘iipiilogi(-. He has 
also hri-ii reeeiilly eleeleil a iin-iiilu-r of I he Coiiiite 
Fermam-iit di- Keeherehes pour la Slamlardisatioii des 
iiii'lhods Miilhropologi(|ue of (In- Coiigres I iili-riialional 
Des Si-ieiii-es ,nil lM-npologi(|Urs and is nil ihe I'.xeeillive 
llody of Ihe Seel ion dealing will) aiilhropoim-l rv. 

Rush for Cheaper Telephones in Great Britain 

Following the .-imiouiieeiiieiit in the House of Com- 
mons hy Ihe Post .Mash r ( Jeiieral td' (Jreat llrilaiii 
nil .Inly l.‘t of eniisidi-rahle rediietions in leh-plione 
eharges with elTiel friuii Orloher I (.See SeiKNen & 
(’ri/miK of .Si pliuiher liUKi. p. I 1-7). about dO.OOO 
applieat ions for telephone eoinieelion have lu^en re- 
<-(-i\t-d by the Post Olllc-e. 'Pile ri-sponse lo the Po.sl- 
inasler-f Jem-rars antioiim-eim nl has lii-i-n exeelh-iit and 
this was hut expei-li-d. 'Pin- Post Ofliee engineer.s of 
(Jreal Mrilaiii have lu-eii no doubt hard at work keep- 
ing paee with the deuiaud, and Ihe loss of revenm; 
due lo tile redueid ehargi-s. estimated In hi- € I ..500,000 
aniiiially. is sure lo he sperdily made gooil. 'Pliis is 
aiiollier iiislanee lo juslify our eoiiteiilion that re- 
duel ions in eharges must preeeile, and not follow, an 
inerease in the use of piihlie utility S(-r\ it-es, .siieli ns 
the tt-leplioiie, eleitrieity. i-te., wliieli the supply un- 
dertakings refuse persistently lo lu-lieve in. W»- eaii 
do no heller than (piote the eomim-nts of the FJrctri 
cian on this: “Fh-etrieily undertakings, as widl iis 
the l*ost Ofliee, w’ere rather slow to realize that when 
the puhlie is offered a .servic-e that it want.s at a priee 
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that it can afford, the volume of business to be done 
exceeds all expectations. Now that the lesson has 
been learned the limits of development are well be- 
yond the horizon.” 

Eight New Broadcasting Stations in India 

The Government of India have decided to give 
effect to the recommendations of Mr. il. L. Kirke, 
head of the research department of the British Broad- 
casting Corporation, who, after an inquiry, outlined 
some time ago a scheme for the development of broad- 
casting in India, and establish eight new transmitting 
-stations in the major provinces. The estimated cost 
is Rs. 40 lakhs, and the Standing Finance Committee 
of the T.cgislative Assembly has approved of the 
scheme. It provides for one-kilowatt medium-wave 
Stations at Trichinopoly, Dccea, Lucknow (or some 


other suitable place in the U. P.), and Lahore; a five- 
kilowatt medium or sliort-wave station at Madras; a- 
five-kilowatt short-wave station in Calcutta; two five- 
kilowatt short-wave stations at Delhi (one of which 
is to be transferred subsequently to Bombay when 
experiments arc completed); and a quarter-kilowatt- 
medium-wave transmitter at Peshawar, to be taken 
over from the North-West Frontier Province Govern- 
ment. In order to make preliminary arrangement at the 
centres where new stations are to be established the 
Deputy Controller of Broadcasting in India and the 
Chief Engineer of the All-India Radio have aheady 
started on an all-India tour. 

Nobel Prize Awards 

Nobel Prize awards fur 1936 have just been 
announced. Drs. Hess and Anderson have won the 
physics prize. The chemistry prize has gone to^ 
Professor Debye. 
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Dihydrothelin from Liquor Folliculi of Sow Ovaries 

With the introduction of Alien and Doisy’s 
vaginal smear method for detecting and assaying 
follicular hormone I application of the smear 
method originally described by Stoekard and 
Papanicolaow in rabbits: Amer. J. Anal. ^2, 225. 
1917] a new line of iiivc'stigation into the occur- 
rence and distribution of estrogenic substances was 
opened, and during the last few years at least 
half a dozen different compounds have been 
isohitcd from the urine of pregnant women and 
mares. 

IVing liquor folliculi aspirated from sow 
ovaries, lloisy et al obtained a preparation 
having a potency exceeding that of theelin, the 
hitherto isolated follicular hormone. Kffoct ol! 
seniicarbazidc on the potency of this unknown 
hormone was found to be negligent which marked 
it as a substance entirely different from theelin. 

Mac Corquodale, Thayer and Doisy (./. WaK 
.Cham. HR, 4^5, 1936] have now isolated the new 
estrogenic substance of li(pior folliculi from 4 tons 
of sow ovaries as pure crystalline di-Tj-naphthoate 
of dihydrolheelin and also lu-bromobcnzoate. 

The derivatives were hydrolyzed and the hor- 
mone obtained in the pure crystalline condition. 
Assay by the vaginal smear metho<l shows that 
dihydrotheelin is more potent than any other 
known substance in producing cornifieation in 
the vagina of the ovariectoiuized rat or mouse. 

One ton of sow ovaries yielded about 6 mg. of 
the hormone. The estrognic substances of human 
and mare urine arc different. The isolation of 
dihydrotheelin from sow ovaries, therefore, does 
not necessarily mean that the ovaries of other 
■species may contain this hormone. Winterstei- 
ner, Schwenk and Whitman \Proc. Soc. Exp. Biol, 
and Med., S2, 1087, 1935] however reported the 
isolation of the same substance and its isomeric 
form from the urine of pregnant mares. 

II. N. B. 


Copper as a supplement to Iron in Hemoglobin 
formation 

SchuHze, Klvebjeni and Hart \J. Biol. Chem. 
lOfi, 735, 1934] reported that copper of copper 
ca.seinate, glycirie amide biuret, alanine amide 
biuret, hemocyaniii and of whole wheat was 
readily utilized by severely anemic rats to supple- 
ment iron for hemoglobin formation, whereas the 
copper of co])])er hematoporphyrin was iu)t avail- 
able even when fed at high levels. This indicates 
that copper may exist in a form which cannot be 
utilized by tin* animal and that possibly animal 
and plant tissiics might contain at least some of 
the coi)per in unavailable form. l»y extending the 
work further the same authors |./. Biol. Chem. 115, 
453, 1936 1 fimi that the <*opper of wheat germ, 
alfalfa, brewers* yeast, pork heart, pork liver, 
cysti'ine cuprous merca]>ti(le, copper aspartate, 
copper citrate, c<»ppor nuclcinate, copi>er pyropho- 
s])hate is readily utilized by severely anemic rats 
to supj>leinent iron for hemoglobin formation. 

The authors are of opinion that the formation 
in the intestinal tract of copper complexes by pro- 
teins or their digestion products «loes not interfere 
with absorption of copper. Uesides copper-por- 
phyrin, the only copper compound which has been 
found to be a poor source (»f copper is (kiS. Under 
certain conditions the formation in the digestive 
tract aiirl the unavailability of CuS may have to 
be considered as a factor in decreasing the utili- 
zation of dietary copper. 

II. N. B. 

On the discovery of the earliest BraJimanical Wall 
Paintings in India 

Tn a very important communication entitled 
celestial betrothal in a sixth century Indian wall 
painting*’ {Illustrated London News, August 8, 
1936, p. 249, 1 plate) Dr. Stella Kramrisch of the 
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Univorsity of (\nlciitta reports her discovery oC the 
Willi paintings in Cave No. Ill at Hadami in 
Kalad^i (\dlectorale in the Deccan. The scene 
enacted in o/ie such wall paintinj^ lias been identifi- 
ed as that of the iinirriaj^e of {5iva iind PArvali 
(plate). According; to her opinion there is a 
considerable similarity between the later work at 
Ajanta and the Ibnlami paint injys. She has also 
reiiiarkcMl that whereas the Avails of the cave 
were not seiilptui*e<l, they were covered with 
paintiiifjs. Moreover, the sculptures were alto- 
gether painted and the same colours were used 
for both.'' Resardinu; the iij^e of this painting 
.she holds that as this cave has an in.scription of 
Maufralesa dated Snka 500, this piiiiitin^' should 
also be <Iated Saka 500. The pre.seiit reviewer 
believes that the aj^e of this painting? may be fixed 
with f?reater accuracy. The in.scription which 
Dr. Kramri.sch has referred to is dated Saka 500 
and of the Western (Mialukya kiiif? xVIanjjalesa, of 
the 12th year of the rcit?n (of his ebler brother 
Kirtivarman)* {KpUjraphia Indica, Vol. VI l- 
appendix, notice No. 3, 1902-011). The object of 
this inscription i.s to be record that Manf»:ale.sa coius- 
tructed or completed the cave as a ttmiple of the 
god Vishnu. As this inscription is deatd in *^aka 
500 which is equivalent to the 12th regnal year of 
Kirtivarmaii \ and as all the religious merits for 
this construction were to go to Kirtivarman T, we 
may rightly conclude that the Avork of this con.s- 
truction was completed within the period ranging 
from Saka 489 (i.e., 500 minus 11) to Saka 500. 
Therefore this painting might be dated within the 
period ranging from Saka 489 to Saka 500. 
Dr. Kramrisch has further noted that there are 
several other portions of paintings in this cave as 
well as in Tave No. IF. It is fervently hoped that 
all these paintings would be more thoroughly 
studied by her. 

C. C. Das (nipt a. 


Cultural Associations between India and Babylonia 

It is reportc*! in the latest i.ssuc of The Illus- 
trated London News (12th Sept. 1936) that Prof. 


11. Frankfort, the Director of the Iraq Expedition 
of the Oriental Institute of the University of 
Chicago, has recently discovered at Tell Agrab in 
Mesopotamia a pre-Sargonic site belonging to the 
earliest part of the Early Dynastic period. Here 
he found a temple made of plano-convex bricks 
surrounded on three sides by higher mounds con- 
taining house ruins. The temple consists of three 
sanctuaries and the most imporlant one contains 
an uniLsually high altar with double rows of square 
offering table.s in front of it. Large numbers of 
amulets of various shapes made of bone and shell, 
and .stone slatues of devotees were found. The 
latter represent the worshippers who seemed to be 
permanently in presence of their god. Beautiful 
sculpt ured stone Abases and about 400 mace heads 
of various shapes were found. The most remarkable 
of these finds are two fragments of a cylindrical 
A’^ase of green steatite having the conventional ren- 
dering of a wattle-and-daub structure and such a 
fragment has also been found at Mohenjodaro. In 
one of the above two fragments there is a human 
figure with distinctiA'o Sumerian features and in 
the other there is a large humped bull standing 
in front of the manger. The wild ox and the 
Avater buffalo were indigenous to Mesopotamia but 
the humped bull wa.s not. Such humped bull are 
very common in the Indus Valley seals. Occa- 
sional signs of intercourse between Mesopotamia 
and India have so far been explained as a result 
of intermittent trade or contact but now for the 
first time avc have found the rendering of an 
Indian cult in an entirely Mesopotamian setting. 
Dr. Frankfort finds an explanation of this in Sir 
Aurel Stein \s work in Persia. It appears certain 
that at about 3000 B.C. the regions separating 
India and Mesopotamia were much less arid than 
they are now and a distinct cultural continuum 
and not merely the intermittent contact due to 
trade relations by the sea-route was present 
between these places. As purely Mesopotamian 
types of va.ses mostly prevail and though they are 
found in a temple of the Early Dynastic Period, 
Prof. I'Vankfort thinks them to be almost cer- 
tainly heirlooms from an earlier temple,*' which 
he expects to excavate this winter. 

S, S, Sarkat, 
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University and Academy Mews 


National Institute of Sciences of India 

At 21 mootin'; of tho (\ninoil of tlio N.ntiomil 
Itislitiito of Scieiioos of liuiia hold in tho rooms 
of llio Royal Asiiitio Sooioly of lionyrJiL 1, Pjjrk 
Stroct, ('aloulta, on the 8lh Oolobor, 19.3(), tho 
following ^oiitlomen were duly olocled Fellows of 
tho Institute. 

(Ordinary Follows. 

Mr. W. K. V. Abraham. 

Prof. Jyntirniaya Ohosh. 

Dr. I). S. Kothari. 

Mr. J. P. Mills. 

Prof. Punehaiian Noo^?i. 

Mr. (1. K. Parkinson. 

Dr. F. 0. Perciival. 

Dr. B.N. Prasad. 

lit.-Col. R. B. Seymour Sewell. 

Lt.-Col. IT. B. Shortt. 

Ordinary Fellow elect cd under Rctrubilioti 12. 
Dr. Satya (I'hurn Ijew. 

1 fonom ry Fol I ows 

Prof. F. ri. Donnan. 

Prof. Albert Heim. 

Sir Arthur Keith. 

Sir Albert Seward. 

Indian Chemical Society 

A meeting of the Tndiiin Chemical Society wjis 
held on Thursday the 1st October at 5-.‘50 p.iii. 
in the Chemical Lecture Theatre of the University 
(^olleRC of Science, Sir IT. N. Prahmachari, Kt. 
M.A., M.D., Ph.D., F.A.S.B., F.T.N. etc.— the 
JVesident of the Society prosidcfl, Prof. Dr. J. B. 


Nit‘<liM*l of tho Univci-sily of Now York, who Is on 
a world lour, delivered an inlerestiiiff address on 
the te.Mchiiij; and technique of Micro-chemistry 
with special reference to organic branch of the 
subject. The lecture was illustrated by lantern 
slid€*s. A hirpfe body of ehemists from different 
institutions, besides the Follows oC the Society, 
attended. 

The impoHanee and nsefuliie.ss of micro- 
Jinalytieal methods leading; to a ^reat economy 
of time, material, money, space and equipment was 
emphasi/ed by the speaker. He further f;jive an 
aeeoiint of its nipitl spread and development in 
Ameriea. 

The Presiilent at the close of the meeting 
offered, on behalf of the Indian Chemical Society 
and the University of (Calcutta, his best thanks 
to the finest of the eveiiinj;. 


Calcutta Mathematical Society 

An ordinary mectiiif; of the Calcutta Mathe- 
maitcal Society was lield in the Society's room, 
on Sunday, the 27th September, 1936 at 5 p.m. 

(1) The following; fjentlcmen were proposed 
for election as ordinary members of the Society: 

(a) Mr. H. N. riaiiKnlly, M.A. (Patna) 

(b) Mr. N. Chatterjee, M.A. (Bankipur) 

(2) The followiiif; papers were read: — 

(a) N. N. (ihosh: — “On linear subspace in 
Fuel idea 1 1 Hy])erspae.es. 

(b) I). Basil: — “The effect of finite breadth 
of hammer striking; a Pianoforte string." 

(c) S. N. Roy: “ On the vector derivation of 
Invariants Jind eeniroid formulae for (Tonvex^ 
Surfaces." 
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Indian Chamber of Commerce, Calcutta — Annual 
Report for the year \nb^—ruhlishetl hy M, T, 
Oandhi, Secretary^ Indian Chamber of Commerce 
Calcutta Pages Liii + iVii) + 

Wc hiivo pcriisod with ooMsidernblfi inU^rost tlio 
Annual Report of the Indian Chamber of (^omiiicrcc 
for the year 19.35, a eojiy of whieli has been lying 
on our table for some time. The chamber is going 
ahead with its activities, and taking its due share 
in forming and focussing Indian public opinion 
on important coinmeivial qiiestimi.s. It is not pos- 
sible to incntion here even the names of all 
the subjects that engaged tin* attention of the 
Chamber last year. (iuesti«»ns relating to railway 
freight, t:iriff elassitieation, port facilities, position of 
India^s trade and industries, labour legislation are 
only some among tin? many which were roferrctl to the 
Chamber for expression of opinion, and the Report 
embodies tlu* oonsi<l(*red views of the s<K*tion of the 
Indian cominer<Mal <’ommunity as r<‘i)resented in the 
Chamber on these vai'ious subjects. \Vc congratulate 
the Chamber on its brilliant record of activiti(!s which 
have also, we are glad to note, receiver its due recog- 
nition from the Govcrnnuait. The Chamber has been 
given representation on various public bodies like 
the Calcutta Porti IVust, the local Advisory Com- 
mittees of the three Calcutta Railways, etc., and the 
Report under review records the attempts made for 
securing a due representation on the refoniie<l Legis- 
latures, both Provincial and C-enti*aI. We understand 
that its edbrts in this direction have also been 
successful, for which we again offer our congratula- 
tions to the Chamber. 

S, K R 

Indian Journal of Venereal Diseases — E y 

U, Narayan Rof), Published quarterly at 04, 07 
Oirgaum Rond, Bombay 4: Rs. 1)/'- Auniially. 

Venereal <liscases cause untold misery among 
mankind and they are a dreadfid iiienance to 
civilization. Rut unfortunately they do iiot receive 


as much attention as their terrible eouseqiieiices 
would demand, due mainly to the lack of scientific 
knowledge about them on the part of the ])ublic 
which persistently fails either to realize or to admit 
the grave dangers involved in them. The West 
has lately awakened to the seriousness of the 
])roblein, and is trying hard t(» fight the evil of these 
diseases. In America and Kuropc rapid strides 
have already been made towards the cure and 
prevention of many of the venereal diseases, and 
the i)rogress of scientific invesfigations into them, 
as revealed by the amount of Avork put in by these 
countries, is by no means inc(.>nsiderable. Rut 
what is urgently necshsl at jirciscnt, in order that 
the evils of the diseases may be suc<*essfully 
combated is the dissc'minatioii of the latest kmuv- 
ledge about fhem, attained by scientific investiga- 
tions, among the general public, so that it may 
learn to make tin? best use of such knowledge. 
In Imlia comparatively very little has be(‘n done in 
these directions, and hence the recent :ipi)eanin(*e 
of the Indian Journal of Venereal Diseases is very 
welcome. It is a (piarferly jr>urnal, devoted pur(»ly 
to venereal diseases and allied subjects, and has 
to its credit an inte. national boaixl of editorial 
collaborators. Seven issues have been published 
up to date. It aims at giving the results of the 
latest researches in v(niereal diseases and up-to-date 
information about them. Original articles from 
the pen of scMuitific workers in th(!se fields, both 
technical and semipopular in nature, are published, 
and each subject is dealt with by a wellknown 
specialist. Suitable gleanings from contemporary 
journals regarding the latest Avork form one of its 
regular features. It also gives authoritative short 
accounts (statistical and otherwise) of what is being 
done ill other countries in repcct of the prcA^ention 
and cure of vencnnil diseases. A journal of this 
kind was long needed in India, and the editors are 
to bn congratulated on their laudable venture. 

A/. S. C. 


SCmiVCB A. 

GUr.TURV 
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Diffrciclion of Electrons through thin I'ilnis 
of Celluloid 

Just after the liistorie experiment of Davisson and 
Oernier' on the diffraction of electrons ])y sinj;lc crystal of 
nickel showing the evidence for the wave nature of the 
electrons, A. Reid* tried to diffract eleelmns hy thin films 
at the siiRReslion of O. P. Tfiomsoti. The pattern formetl 
by the impact of the rays on the jdate consisted <if ati in- 
tense central spot due to unseallered rays, surrounded hy 
onc or more riii)»s with the main beam for their centre. 
Their final results showeil three rin|a;s for each of which 
the diameter 1) and the voltage P were connected hy the 
law T> = constant. This is, of course, a necessary result 
ill any diffraction pattern formed by de Broglie waves, if 
relativity correction is neglectcil. The wavelength required 
was of the right order to fit de Broglie’s formula. A final 
aeeoiint appeared* later clearing certain points of difficulty. 
The ratio D* : D, is almost I : 2, that of D, : D, is about 
1 ; 3, which led them to conclude that the rings are three 
successive orders. The experiments of Rei<l were only of 
a qualitative nature showing onlv the wave nature of the 
electrons and verifying dc Broglie’s formula. 

The results of the present author on slmilnr experiments 
have shown lh»il there are four rings an«l not tl r< c as obser- 
ved by Reid ami that the rings are due to different Bragg 
spacitigs. The rings are very broad ami <liffn.se, ^fea.snre- 
nienls are however made at the centre of the blackening of 
each ring. As regards the fourth ring, measurement is not 
very reliable, as the ring is very faint. With the iiicrea.se 
of voltage, the breadth <if the ring appears to decrease as 
.seen from the following table. 


Voltage. 

n. 


I), u. 


mm 

mm 

mrri 

23r>00 

9.3 

17 

2S.2 

ariooo 

9 

1fi,2 

2fi.8 

28000 

8.0 

15.3 

25 6 40.4 

Tile sparings *d' were 

ineasnn 

■d according 

to Bragg relation 


ni ==. 2d si»ff 

Since 0 is the order of I* we can write s/w. i) ■= (i- Thn^ if 
L 1)C the .listniice of the plate from the seatterinK film and 
I) be the diameter of the rings we can write 


o a o 

The values of d are foiiml to be 4.04 A, 2.23 A, 1 .34 A and 
o 

0. 55. A for the four rings respectively. 

Khnira laboratory of Physics, 

I'niversitx College of .Science, S. Chnudhuri. 

Calcutta. 

1. P////S. Rev., SO, ror, i‘)2r. 

2. c;. P. Thomson ami A. Reid. Nuture, Ilfl, SOQ, 1027. 

3. A. Rcifl, Proc, Roy. Soc. Lomhni, At 19, M»3, 1028. 


1 \ Possible Process of Absorption of 
Wireless Waves 

It is usually .'issiitm‘d llmt the tnily iinporlaiit proccsis in- 
volvcfl ill the absorption of an electromagnetic wave 
(wireless w.'ivc) traversing an ioiii/.cfl atiiiosphen? is that of 
collisions between ihc free electrons and atoms or 
molecules. The fret* electrons abstract energy from the 
wave, and on colli.sioii xvith an atom or a molecule this 
energy change's into lu*at. The jnirpose of this note i.s to 
point out the possible significance of another process in the 
absorption of wireless waves. This process consists in that 
a free electron moving iimler the Coiiloinh field of an ion 
and under the innnence of :lii eIeclroniagm*lie field due to 
the waves performs a transition from an initial hyperbolic 
orbit t)f energy, say tJt, to a final hyperbolic orbit of energy, 
Siiv A’,, where - hv,v being the frequency of the 

electrcnnagiiclic waves. This is calleil “I’ree-free traiisitKiii’* 
in the iisiisal theory of the absorption of electromagnetic 


IM P 

I>.l P 

1)3 v/P 


44.fi 

82.4 

i:3fi.7 


45 

81 

1:34 


45.5 

81 

Pffifi 

314 


waves •lue to Kramers ami (hiiiiit. These investigators have 
made use of the theory to ncconnt for the absori}tioii of 
X-rays. \Vc here attein])t to evteml the same theory to 
wireless waves, ti.annt has shown I li.it the transitional pro- 
bability of absorj)lion {E,\\ for an electron of initial- 
energy A’l to undergo transition to an orbit of energy 
when moving in the Coulomb liebl of an ion (singly charged) 
and sulijecl to a beam of radiation of unit intensitx’, is 
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If T is the temperature of the ioni/crl medium, and ^t)e 
the niimher f»f systems per unit volume — hy a system wo 
mean a free eleetroii associated witli an ion in whose 
Coiilomh field the elortron is moviii;r«theii the absorption 
cocfllcieiit uill as usual be by 


k~„„ .V. 


(2) The feeding of the coiintrymade parboiled aman 
rice locally known as Rangahadal (paddy with red outer 
coating) produced to B| -deficient rats an average weekly 
growth of 8.3 g. 

Tlie same rice fed to the Hi -deficient rats produced an 
average weekly growth of 6.1 g. 

Or 100 g of the rice contained 41.5 units of It| 

.. „ .W.4 „ It, 

{2a) The feeding of the country-made, sundried (afap) 
rice of the aman variety just mentioned to the Bi -deficient 
rats produced an average weekly grf)wth of 2.*> g. 

The same rice feil to the B, -deficient rats gave weekly 
growth of 2.2 g. 


Substituting numerical values and taking T— 1000®K (which, 
according to Appleton, is the tciii])eratiire of the F-region) : 
f»- lO" per sec., and assuming Nto be of the order of 10®, k 

is of the oriler of ‘>*52x10 per cm. This shows that the 
above proce.ss of free transition may prove- to be of im- 
portance in the abs<irj)tioii of wireless waves. 

Vidya Bhawan, nuleh Sinha ICcithari. 

TTilaipur. 

20.9.36. 


Vitamin b-content of a few Samples 
of bcngal Rice 

As rice forms the .staple food of our countrymen it is of 
interest to find the Vitamin B^ ami B, content of this 
article <if dietary. It is de.siralilc to find at the same time 
if any variation of B-content exists between varieties of rice 
as also between rice made under diircrent sets of conditioas 
from paddy. With this object in view the following feeding 
experiments have been carried out. 

Method — For the estimalion of Vitamin B| and B, 
the biological method of ass.ay w’ith young rats as modified 
by Ouha and Chakravorty^ was followed. 

In the following experiments 5 rats of each group defi- 
cient in Vitamin Bi and B, respectively wert^ fetl w’ilh 2 
grams of lice of each sample for 3 weeks and their average 
weekly growth was determined. 

(1) The feeding of the coiinlr^'-imide (dhenki-nce), 
parhoilcfl atis rice, locally known as kalabakri (paddy 
with black outer coating), to B|-dclicient r.^ts jirodiiced an 
average weekly growth of 6,3 g. 

The same rice fed to the B, -deficient rats produced an 
average weekly growth of (i. l. g. 

Or 100 g *>f rice contained 31.5 units of Bj 
„ .. 32.2 B. 

(as defined by Ouha & Chakravorty*). 


Or 100 g of the rice coiit.'iincd 14.5 units of B, 

«» •» ft II ,1 B* 

(3) The feeding of the parboiled niill-m.ade polished 
aman rice to the Bj-deficlent r.als produced an average 
W'eekh' growth of 4.7 g. 

The feeding of the same to the B, -deficient rats produce*! 
an average weekly grow’th of 4 g. 

Or 100 g of the rice contained 23.8 units of Bj 

tt « 20 „ Bf 

The foregoing re.siilts point to the fart that the parhoileil 
rice is richer in Vitamin B lh.an the .sundriecl {atap) rice and 
ag.iin the aman variety coiitaitis more B-vilamius than the 
ttwa one. The results are in agreement with the findings of 
Aykroid*. 

My .sincere thanks are due to Mr. T. Majutndar for sup- 
plj’ing me with the samples of home made rice and also tti 
the authorities of the firm for their constant help and en- 
couragement. 

Biochemical laboratory, TI. O. Biswas. 

Bengal Chemical & 

IMiarinaceulical Works, Ltil. 

Calcutta. 22.9.36 

1, Indian Journ. Med, Rea,, 20, 1045. 

2, Ibid, 21, 22). 

f. J, Hyg., 32, 184. 


Migration of Ha'molysin and Ncurotoxin of Cohra 
Venom at Different pH in an tzlectrical Picld 

The lui‘moly.siti and the neiiroioxin arc the two iiiiportnut 
toxic constituents of cobra venom. .Although they have 
never been obtained in a pure state yet they arc believed to 
be nitrogenous organic substances resembling llie proteins 
in their chemic.'il properties. Since proteins i:os.se.ss charac- 
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W’clirive nearly = 


teristic iso-electric points, experiineiits were iinderlaken to 
determine the iao-electric points of lliesc toxins. The 
apparatus used consisted of a threc-chamhered j»kiss cell, 
the middle chamber bein^ separated from tln^ two side 
chambers by diaphrnrrms of parchmiMit paper. The cobra 
venom solution, the pll of which was previously adjusted to 
the requisite value, was placed in the iiiiddlc chamber, and 
the two side chambers were filled with Initrered solulituis 
having the same plf as that of the solution in the middle 
chamber. The .side chambers were conm^cted by agar 
bridges with two beakers filleil with copper sulphate soliitifiii 
and fitted with cojipcT electrodes. The elect r<>dos were? 
connected with the 220 volt lighting circuit and the expe^ri- 
ment was conducted at 5®C inside a refrigerator. The 
quantity of electrieity jias.scd through the cell was kept 
constant in all the expet imeiils. It has been ob.served that 
the hii'inolysin as well as the nenrotoxiii migtati* to the 
cathode within the* range of jiII .kO to pH 10.0. This obser- 
vation leails to the following coiielusioiis ; - 

(1) The lijcmoly.siii and the iieuroloviii can pass through 
menihraiK's of jiarchment paper anrl hence their particle 
size is smaller than that of albumin or globulin. 

(2) They arc both fairly strongly basic iti character. 

(ji) They can be separated from other proteins such as 
albumin ami globulin by clectrodialysis. 

I'lirtlier work on this line is in progre.ss. 

I’niver.sily College of Science & Teebuologv. B. N. t tbosh. 
Calcutta, S. S. Dc. 

3.10.19.16 


h 


10 

lu arly ^ jjlil x nil. 


Now.lyj • ■ j) • where vi is the relativity- 

mass of the eleetroii. We have therefore 


li’.'. ( 


10 


* * /// 
gni X cm or 

n/„ 


2-4 


10 = 


faking a nearly — 2*4 (rliametiT of the X-iincleus), 
wc fiml tli.'it elec'troiLS can cuter the nucleus if 


iiearlv — 10', i.e., the energy 

is nearly S- 10' e volts. Now electrons of such high velocity 
are found in cosmic rays and it can he easily sh<»wn that in 
course of their p.-issagi* thiough the atmosphere a good 
fraction of them mti.sl suffer nuclear eolli.sioiis. The iiuiiiher 
of .such collisions can he easily «*alenlated. It is given by 

^ n - (10 ^ ' V" X *J'S X 10^ X _ |*s X 10 *’ 

where z is the i‘(puvalent height of the atmo.sphere 
throiigli which tlie eIei*tron has passed. l*‘veii at a height 
of .10 Km. the electron, at vertical eoiiieideiiee, has pa.sscd 
through o.l meters t)f air, l.c, .sulfereil MTXIO ■ nuclear 
collisions /.r., one i-leetrou in a hundred snirers a miclcar 
collision — on the si*a level, the nnmher of nuclear collisions 
would he about 1*5, iv., even at a height where the pre.ssure 
i.s ; the atiiiospherie ])res.siirc (.5 kins), the primary electron 
iiiu.sl have pjLs.sed through the nucleus. Thi.s iucident can- 
not he without inniiciiet? on the geiier.d cosmic ray pheiio- 
mciioii. 

Tile effect of the entry on the mieleiis would probably 
he to explode the iiurleu.s, ami give risi* to .secoiidarie.s. 


Can Ulcclrons enter the lincleus 

A number of experiments hsivc been pcrformc«l of late to 
find out whether high energy electrons can he maile to enter 
the nucleus, but with no definite result. The niaximiiiii 
potential so far applied has been SOO K Volts (.See Phys. 
lice, 1935). The failure of these experiments is not difficult 
to iinderstanil, as the de-Hroglie wavelength is nearly UK) 
times larger than the diameter of the nuelens. 

Blit from these cx|)erinieiit.s, it is not .safe to as.siuiie 
that the electron ran never enter the nuelens. In fact, the 
uncertainty principle enables ns to fiml out the energy which 
the electron must have in order that it may enter the 
nucleus: if we wish to accommodate a paVticlc in a space of 
dimen.sion the uncertainty in its momentum is given Uy 

Ap nearly 

Putting I— ft 10 ' cm 


1S..S.193*. M. N. Saha. 


R brillianl Tire- ball passes over 
Myclcrahad l)ccean 

on October 13th at 7.33 p. m. (Indian Standard Time), 
hundreds of pcopW* in the City ami suburbs of Hyderabad 
and tin* .surrounding cminlrv saw a daz/liiigly bright meteor 
n.'Lsh out in the ea.stern part of the .sky. 

1 was in my .stndv-rooin at the time and .saw a floojl of 
hini.sli-green light luirst through a window faring due 
cast. .\l once 1 ef>iijeetiired that it w:is due to a firiMiall 
but by llie lime I r.an into the open air, it bad disajqiearcd. 

I waitcfl to bear the sound of the explosion in air that 
acroin]»aiiieil this fia.sh. .After 7 niiiintes a loml report was 
beard like that of a distant gnu. 

Prom the inforiii.-ition obtained on tlu? following day, by 
interviewing a number of eyc-witiie.sse.s, among w’hom may 
be mentioned Dr. .\bdn1 Hat] and Idr. Malimood Alimad 
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Khnn, members of the ( )smaiiia University staff, it would 
appear that the meteor started from a point in the constella- 
tion Pegasiis, and, piirsiiinjEr a south-westerly path low down 
ill the air, disappeared towards Tavo. 

Bein][' in my study at the time I coiihl not personally 
observe the path taken by the meteor. Luckily, Mr. 
B]inskar.an Sha.stri, Director Nizainiali Oh.sei vatory, and his 
Assistant Mr. Thippii happened to he in the verandah of 
the observatory at the time and could definitclj* locate the 
course of the meteor. In the letter Mr. Shastri wrote to 
me on the 17tli, he .says that the path of the fire-ball 
commenced at a point R. A. 2.5 h. .S m.. Declination 10* N. 
'and ended behind a cloud in the constellation Saj^ittariiis 
at about R. A. 1‘) h. Declination 30* South. The approximate 
path deduccfl from the accounts of non-tech nical eye- 
witnesses a^Tces tolerably well with the definite data 
received from Mr. Shastri. It appears further from Mr. 
Shastri’s letter that the fire-ball lasted for 3 or 1 seconds .and 
its brijjhtness after the first .«econd was about that of the 
full moon. 

The liRht as seen from my study-window w.as so intense 
that iiiv garden was brightly, though momentarily, lit up. 
An observer, who happened to witness the phenomenon 
from near my garden, .states that while the meteor was 
rushing along its path In the air he hoard a peculiar noise 
somewhat resembling the swish of a whip—a highly inter- 
esting fact often reported by fire-ball observers, inticli 
discussed by astronomers ami pliysieishs, but still awaiting 
a satisfactory explanation. 

The meteor is reported to have thrown out several 
reddish fragments at the time of its explosion. I motored 
on the l5th to ralakinimali, Nagal baiidah, (laggan Pahar, 
etc., to trace .some of these fragments, and again on the ISth 
pa.st Oolconda fort and Ileniayat Sagar, in the hilly country 
near Chil Pahar and Shamsabad— a tour of over 90 miles on 
the whole. I am not yet in a ]iosition to report any finds, 
though some very interesting facts have been ascertained. 

.According to an observer living bevond the Palak- 
numah hill, the streak of the meteor lasted for over 
10 minutes. This is by no me.aiis strange, as .some trained 
observers bavc witnessed occasionally streaks persisting 
for more than half an hour. 

Mr. Mir Talif Ali of the Hyderabad finance departiiicnt 
Stated that be was seated in the open air in liis eompoiind 
(near (lolcouda), close to a niango tree. Soon after the 
fire-ball a])pc:ire»l, he and a number of other jicrsons nearby 
heard distinctly the .sound of a shower of fine sand beating 
against the h-aves of the tree. A .similar sound was heard 
by the inmates of another hoiisi? in the neighbourhood, as 
if fine grains of sand fell on the leaves of an almond tree 
in their compound. TIkm-p can be no iloubt about the fall 
of .such fine dust from the bursting of a fire-ball. But 
attempts to pick up : -jiiic of this cosmic material completely 


failed^no wonder because the particles must have been* 
exceedingly fine. 

Inrpiiries made at the Mennenite Brethren's Mission,. 
Shamsabad (some 1 3 miles from the Hyderabad city), led’ 
to the ccinclnsion that the main boily of the meteor 
disappeared behind the village of Rallaguda some .S miles 
from the Mi.ssion grounds. Mr. D. Franz Joshua, Super- 
intendent of the Mission School, said that he was cycling 
near the 9th milestone from the city on his way back to 
the Mission, when he .saw the fire-ball bur.st. His eyc-.siglit 
was momentarily dazzled, but be could just notice a frag- 
ment detach and .shoot out in an easterly direction. 

Conimnnication from more distant places under the 
track of the meteor is being awaited, with a view to recover 
some of the fragments that have been reported to have 
fallen. 

Beguiiii>et, 

Dceean, N. S. R. Mohd. A. R. Kh.an. 

22.10.1930 

n Mote on the ?1nalylicnl Conshints of 
Indian and I'oreitjn Rosins 

.Xniongst the raw materials for soap inaniifacture rosins 
al.«io find a jilaec both on account of their cheapness as al.so 
on account of their washing propertie.s. In washing soaps, 
they are u.scd to the exfent of 20% wliile in toilet soaps the 
use of rosins is allowed to the extent of 2 3% as their 
pre.setice is considereil as a safe gu.ird ag.'iinst raticiditv. 
Bergell. (21 schc. der Deutsrhe OeU und Fvft Industrie 
1925; p. 23.3) recommends 2-3 p. c. rosin to the soap :is it 
jirolongs or prevents rancidity in .soap. It appears that 
the rosin acts as protective colloicl for the libcratcil free 
fatty acids and thus prevents their oxidation. 

Rosins used in luilia arc either locally manufactured at 

(I) Oluttcrbuckganj (('. 1’.) ami 

(II) Jallo (Punjab) from the Iliumlayan Pines (Pinu.s 
Longifolia) or 

(III) Imported from foreign countries (generally .sold 
as American). 

In the scieiilific literature, there is no nieiitioii of the 
an.'ilytical constants of the Indian rosins. Hence it was 
con.-idcred worth while to fiiul out these constants of 
Indian rn.sins .and find out how they compare, with foreign 
Rosin. 

I'or our work, the following varieties of Ko.sins have 
been seleetcil. 

.American rosin (yellow) (Imporled variety). 

Indian Black rosin (from Clutterbuckgaj). 

Indian \V. \V. rosin (from Cliitterbnekganj). 

In all these determinations the usual methods' of 
analysis were emploved. In the determination of sapoiii- 
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n Mote on the I^mhryostic- ciml Enibryo-clevclopnient 
of Holoptelea integrifolia Pluiieli 


ficatioii aiul add valiiOH, iiarlicularly, K^oat troiihle was 
experienced due to a very dark colour imparted to the 
solutions l>y the Indian rosins. Due to this dark colour 
(with phenolphthalein, the indicator recoiiiiiiendcd), the 
colour chaufjc could not be noticed projicrly ami the end 
point was difliciilt to identify. In view’ of this ilinicidty, 
the follow’iiiR indicators were tried. 

(а) Thyinolphthalein (I % .alcoholic solution) 

(б) Alkali Blau fill (1% alcoholic solution) 

In the case of thyniolphlhalein (hire in ])iesence of 
alkali ami coloiirle.i;s in .nridic <»r neutral solutions), the 
colour change could not he easily iii.irkeil Ihoiij'h it was 
slightly better than phciiolphlhahMii. 

Our experience is that Alkali Blau fi B (Hhie in m-ntr:d 
and acidic solutions and reil in alkaline) gives the most 
satisfactory results. 

The analytical constants of the rosins, as oht.ained by 
us are given in Table No I. All the values are the average 
of three readitijiis. Table No. II. gives the aiialytic.al cons- 
tant of foreign ro.sins f Kolophoniinn) and these constants 
have lieen taken from KohlentvaHttrrstoffoeleundFeitp: 
llohle and Bleyherg ("th Edition. 19.1.1. Published by 
Julius Springer, Berlin) p. '>24-*)2S. 


TABIJC 1. 


Aralytfcol ConstantM 

American 

Rosin 

Tndinn KInck 
ItcHin 

Tiirlian W. W. 
Roflin 

Melting point 

iic-iia^c i 

98 - lore 

106-108*0 

Saponification value 

178 j 

180 

186 

Acid value 

123.57 j 

129.45 

134.1 

ICster value 

54.43 1 

.50 55 

51.9 

Iodine value (11 anus) 

185.60 

141.7 

141.5 


TAHI.H 11. 


Softening point 

ro*c 

Melting point 

uiitc 1.30®c 

Saponification value 

H)5-200 

Acid value 

110 IS.S 

Kster value 


Iodine value 

100-200 


Dept, of Industrial Chemistry, N. N. t .odbolc 

Benare.s Hindu University. Rrivastava. 

( 1 ) Einh eit-liche Unnter^Suchuvgs- Meihoden fuerdie 
Feit-und Wachs^indvstrip : '.Vi/olT. 

1930 Stuttgart; Wi.ssenschaft liche Verlags ; O, M. B. H. 


Holoptelea inttujrifolia is quite a ooiiimon deciduous 
road-si<ie tree, often also found in gardens and villages, in 
most parts of India. Defoliation takes place about Kebriiary. 
The trees remain shorn of their foliage for quite a long time. 
The new leaves aj>pear during Al.arch and .\]iril after flower- 
ing. During the interval flowers, which .arc hermaphro- 
dite iir pol 3 *gamoiis and arraiigeil in fascicles, eoutiiiue to 
develop. The fruit is a ilry imlehiscent samara. 

The development t>f the female ganictophyte and of the 
embryo has been stmlieil The former, in addition to the 
eiistom ary course of ilevelojmieiit, shows some interesting 
anomalie.s. This note records the princiji.al features of this 
stmly. 

1. KmhrgoRac -development : The normal emliryosacs 
dcvel<»p in the usual way. The archesporiuni is hypodcr- 
iiinl (lig. I). It cuts off a parietal cell (fig. 2) whose suhse« 
fpieiit tlivisious produce cjuite an exteii.sivc tissue resulting 
in the. primarv s]>orogenoiis cell becoming deeplj' placed 
(lig. .1). .\ linear tetrad of meg.i.spores is ilevehipcd of which 

the lowermost functions (fig. I). 

This meg.'ispore, after the three enstomary division.s, pro- 
duces an .S-micleale emhryosae (tig. .1. 6. 7). The iiiattire 
embryosae has a somewhat obovato shape. The. egg- 
apparatus lies in the broa»ler micropylar part. The .sj-ner- 
gids are j>i’ar-shapeil or flask-shaped witli elongated necks, 
in the granular protopla.siii of which tin* nuclei are .situated. 
No filiform apj»aratus could be ni.'ide out. The big broad 
basal portion is occupied by vacuoles. The ])ear-shnped egg 

i.c bigger than usual : its broail liasal portion contains the 
protoplasm .arid the nncleiis. 'I'he upper part is, na usual, 
vaemdate. (fig. .S), 

The chala/al part of the embroy.sac sndilciily narrows 
into a blunt tail. In this the antipodals are lodged. 
Their number is counmmly more than three. Tl\e cells 
are glandular-looking, and there ni.ay be both uni nucleate 
and iiiultiniielcate cells in the roii.stituents of the same 
group. They are persistent (fig. S). 

In the mature embryosae there is a single polar nucleus, 
cviilcntly .-irising from the fusion of two. This is situated 
nearer the egg-apparatus. The actual fusion of the two 
polar nuclei has not yet been observed. 

Among the several anoiiialies noted are the following - 

1. .\bsencc of polarity, the nuclei being distributed 
through the entire sae (fig. 9). 

2. W.int of jlirTcreiitialioii among the cuii.stitiients of the 
.sac : somelinics, however, a cell looking like an egg can be 
made out. 

3. M<»re th:in S nuclei are soinetinics found in a sac. 

\. In some sacs the cviilcntly ]>olar nuclei lie paricially 
in the iieighboiirhood of the anipod.nls. (fig. 10). 
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5. Presence of less than 8 {e. g., (i) nuclei. 

6. In the bipolar .sacs u’ant of difTerentiation in and 
reduced number of the constituents of the cg]i;-apparatus. 

Besides the above, certain other minor irregularities have 
also been noticed. These will be included in the full ac- 


into an enlarged basal cell and and a small apical one, which 
divides again. Thus a thrce-ccllcd proembryo is formed. 
The apical cell of this divides to produce the embryo. The 
details of the sequence of wall-formation arc being studied. 
An elongated suspensor is not developed. It is represented 
by two cells, one of which is the enlarged persistent basal 
cell. The developmental stages are represented by 
fig. 11-14. 





/4 

count shortly to be* published. Without, therefore, entering 
into details, it may be indicated that abnoimalities of a 
similar nature have been reported before in other plants’^. 
Those in the allied plant Vlrnvs americana reported by 
Shattuck particularly offer interesting parallel. 

2. Development of the embryo : This does not offer 
many special features. The egg divides hy a transverse w'all 


The actual fertilization of the egg has not yet been obser- 
ved. 

Benares Hindu University. N. K. Tiwary. 

20 . 9 . vm. 

' Schnarf, K. Kmbryologie der Angioepermen, V)Z*J. 
p. 17b ff. 
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Rbsorption in the Ionosphere 

The iiiagaeto-ionic theory of propagation of radio waves 
ill the upper atmosphere has been developed by Appleton' 
and others, and more recently Booker* has given an interest- 
ing exposition of the problem. The dispersion equation for 
the vertical propagation of radifi waves can be easily derived 
by generalizing borentz's treatment, and tlie complex refrac- 
tive index is found to be 



h'or definition of the terms see Proc. S'al, Inst. Sc, of India 
Vol. 1, p. ‘Report on the IVeseiii Slate of our Knowledge 
of Upper Atmosphere’ by ITof. S. K. Mitra). 

The coiiilitions of renectioii for the onlinarv and the 
extraordinary rays (henceforth called the o- and the e- raws) 
are obtained by taking respectively the ])(isitivt .and the nega- 
tive signs before, the ratlical aiul putting <;*< 7 * equal to /er<». 

l‘or the .absorption <if the radio waves, the iono.sphere 
may be divided into (I) a deviating region, where /t ap- 
pro.aclies zero, .an<l (2) a non-deviating rcgi<Jii, where// is 
nearly equal to unity, following Booker it can be easily 
show'll from equation (I) that for the deviating region A* the 
ratio of the integrated af).«orption coenrieients per unit 
path for the e-ray and the o-ray is given by 




a 

u - Ivt 1 




i'l) 


h'or the non-deviating region R\ the ratio of the .ab.sorp- 
tion coefficients for the e-ray and the o-ray at the same 
height is given by 

/?'=. ( <» + |yf.l I ’ ’ +P’‘ _ :)* + ”* ( n 

( (p I- 

By using a different form of equation (1) Booker has 
obtained the follow'ing tw'o equations in place of equations 

(2) an .1(3): - 


■ P~-\pl\ 

jr ^ ( + )“+*'“ 


( 1 ) 


ir*) 


Thus according to the calculations given above the 
absorption of the e-r.ay is le.ss than the o-ray, w hile according 
to Booker reverse is the case (the present view is supp<irted 
by experimental ob:‘.en'atio:is of J*'cker.slev : Mature \ ol. 1.lo, 
p. 398, 1932). 


The maximuin absorption in the non-deviating region 
for the c-ray and the o-ray will take place at heights corres- 
ponding to V - p + \pi^' and v - p — respectively. This 
shows that the range of integration for the calculation of 
the total absorption for the e-ray is much greater than for 
the o-ray. This naturally results in the greater absorption 
of the e-ray whe-n there is greater ionization in the regions 
below the «levialing region. But when the ionization in the 
lower regions is small, and the group path in the deviating 
region is the same, equation (2) shows that the e-r.ay will be 
less ab.sorbed than the o-ray. 

The observations taken in this laboratory support the 
view expresseil above. I'irst, the observations were taken 
for the l*-region in the night when absorption in the non- 
deviating region had become small ami the reflection co- 
ellicients fot the two rays were compared. Since we had no 
provision f<ir a ])olari/ed receiver, the measiireinents for the 
relleclion coefficients were Uiketi when the splitting had 
ju.st taken plac-e, so that «>n high re.solving power of the 
oscillograpii, the echoes were distinctly .seen. Tiider the.se 
coiitlitioiis r' the group path was practically the same for 
the two r.ays. .As i result of these observations it has been 
found that the e-ray is almost always stronger than the 
o-ray. which is in accord with equation (2). 

/M// We ri'.’ich the .same conclusion from a 
study of the day-time absorptifin. It can be easily .show'll 
from equation (I) that in an ionizcil iiieditim the group 
velocity of the e-r.ay is Ic.ss than that for the o-r.ay, and hence 
during the day when the h'-ccho has to pas.s through both 
the h' and 1) regions, group retardation sjditting can take 
place so that the e-component will lag in time behind the 
o- component. This type of .splitting will be more pronounced 
when we approaeli the critical frerpiencyof the lower region*. 
The observations taken during various afternoons in this 
laboratory show that at 4 Me/ sec. the h-echo was a simple 
one (possibly an iinre.solved iloiiblet), but as the frequency 
w'as rcduceil the echo became a close doublet. The separa- 
tion hetw'een the doublet went on increasing and at the 
s.ame time the longer delay coiiiponciit the e-ray — became 
coinpar.atively weaker and weaker, as the critical frequency 
of the Iv-l.aycr in the neighbourhood of 2 megacycles was 
reaclicil A typical gr.apli showing the separation of the 
dfuiblct with frequency is given here. Above A 122 metres 
the longer delay component, i e., tliccxlraonlinary ray became 
ahno.st invisible, while tin* ordinary ray w as visible up to A 150 
incties, beyond which the tran.siiiitted frequency could not 
be rciiiieed. 

Though the above result .seems quite the reverse of the 
iiighl-time results, it can be easily .seen that there is no 
contradiction, for the d.ay-tiinc .absorption is made up of ab- 
sorption in the deviating region plus Ih.at in the iion-devia- 
liiig region. Now although the absorption in the deviating 
region is le.ss for the e-iay, it is more th.aii counterbalanced 
by the greater absorption due to longer group path. 
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As will be seen from the figure that the group retardation 
becomes very prominent near about the critical penetration 
frequency of the lower region, it is by no means negligible 
for frequencies niucli greater tliaii the critical frequency. 
Thus it seems most probable that at higher freeptencies 


ordinary echoes definitely seems to be due to more group 
retardation experienced by the ray, and not due to the 
generally accepted view that it is due to greater absorption 
near the reflecting point (Fanner an«l RatclifTc)". 

Kxperiments arc under progress for a dctailerl quantitative 
sturly of the problem. 

My thanks are due to Prof. M. N. Saha who wa.s kind 



WavcleinrtJi m metres 


greatly reniove<l from the critical penetration fre([uency of 
the lower region, the ‘grc»uj) retardation splitting' ainl the 
‘stratification .plitting*, which produce opposite cirects, 
hnlance each other and the stronger o-echo and lh<^ weaker 
e-echo arrive after the same time lag and are consequently 
unresolved, till on further increasing the frc<iuency the 
critical fre(|uency of the upper F region is rc.'iche<l and the 
‘stratification splitting’ becomes greater than the *groni> 
retardation .splitting’ and the o*ray lags behin<l the e-ray. 

Thus the greater daytime absorption of the I'-layer oxlra- 


enoiigh to favour me with criticism of the view expresse d 
ill this note. 

Department of Physics, 

I'liiversity of Allahabail, R. Toshiiiwal. 

2‘U.l‘)3b. 

1. .\pplcton. Jour, /. /»/. 7/, M2, 1032, 

2. hooker, Proa, Roy. Soc. {Land.), A 750, 2(>7, P)35. 

3. Appleton and Builder, Proc, Phya, Soc, l^ond,, 45, 
125, 1933. 

1. I'aniicr and Ratcliffe, Proc, Roy, Soc. Lond., 151, 361, 1935, 
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Prof. K- K- Mcithur 

IjiOFhSHOU ICrishiiji ICiiiriar ^latliur^s proiiiatim; 
doath oil July 18. I9:i(), cloinivcd India of an oniiiiont 
^ooln^i.st and an cHluoationisf. 'L'lioii^li of lat<‘ lio 
had boon siiirorinjj from a pmlon^rd illness from 
myloid loiikaeinia, an ineiirable dis(‘aso, fin* news of 
Ill’s d(»aMi has eomo as a sudden sho<»k to everyom* 
who knew him. The (‘diieational career of Prt.fess«ir 
Mathiir was all thronjirh very brilliant. In all 
examinations ho stood lirst and secured iiKU'it .scholar- 
ships. After Hnishin<' his se<*ondarv education he 
joined the Aj^ra (.^ollc«:e from where he j;r;u!ualed 
in the years 1915, topping: the list of tlie siicee.ssfiil 
candidat<‘S of the Allahabad I uiiviM’sily. After lie 
had passed the previous examination in (Chemistry, 
he was awaiiled the States Scli<»larship for stmly 
abi'oa<l. In Kimland he prosecuted h^.'^ siudi(‘s at 
the Imperial (Jiollege of Science and Technology 
where he took the n. sc. d(*gn*e with Honours 
of the University of London securing again a first 
class first. Finally he took the A. n. s. .m. 
specializing in geology for which the (lovernniont 
extended the States Scholarship by a year. Uni- 
formly his i)la(*c was first class first and he was 
awarded the De La Heeho Medal. 

Soon after his return to India l*rof. Mathiir’s 
services were secured by the Benares Hindu Ihiiver- 
sity as the University TVofe.ssor of Geology in the 
year 1921. He .soon distinguished himself as a great 
t(*aeher and administrator. The DepartnuMit of 
Geology owes its growth and develoiimcnt to Prof. 
Mathur who was its h(*ad from the very beginning. 
His love for the science of geology was great and 
he was keenly dcvot<*d to it. His personality attricted 
students from all part.s of India. .Vt Ben:in*.s he 
built up a school of geology, which is all-India in its 
<*luii’actcr. His indomitable spirit in the face of 
hard.ship and his great love for the science of geology 
Were a source of great inspiration to his students, 


who are spread far and wide in India and some of 
whom hold important ofiicc*.s. His colleague.^ in the 
Lniversity held him in the highest esteem, and when 
he was a])pointed Princiiial of the (\dlege f)f Science 
constituted in I9.'}5 every one was indeed very happy 
at the .s(>lection. XatHva congratulated the University 
on this hapiiy .selection. 

In the Hi*ld of research his principal contributions 
comprise the iM‘t.rtdogy of the Deccan Trap igneous 
a<*tivity. He carried on invest igal ions of the study 
of the various ditlerentiates and threw niiich light 
<»n the genetic proiresses leading to the fonnation of 
tin* ilifierent tyjies. His presidential addre.ss to the 
Geology Section of the Hombay Session of the Indian 
Sm’ence (\mgn*ss, on this subject will continue 

to be a valuable work of r<*ferenc«‘ fr»r long time ti> 
come. His n*se:irch activiti(*s also c.xtcndcd to 
stratigraphy, miiuTalogy and colloidal chemistry. 

Amoiig.st the .scientists in India ho held a promi- 
nent position. He was Vi^Mj-President of the Geologi- 
cal, Mining aiul Metallurgical Society of India for 
some time. He was a foiindation fellow of the 
Academy of Scir*n(!es, II. P., ik>w the National 
Academy (»f Sciences of India, the Indian Academy of 
Sciences, and of the National In.stitiite of Science of 
India. He presided over the Geology Sc(‘tion of 
the Indian Science Congrc.ss held in Bombay in the 
year 1931. 

In the Benares Hindu I bii versify he was a proiiii- 
iKMit figure in all the admini.strative and acrademic 
bodie.s. He was a membiu* of the Uourt, the Council, 
the Senate and tin' Syndicate, and had been the Dean 
of the h'aciilty of Science for two coii.secutiv<J terms. 
He al.sf* .served on the Faculties of Arts and Ayurved 
and numerous other boanls of studies. He used 
to take part in all activities and in popularizing 
.scientific studies by taking active interest in publish- 
ing scientfic bodies in Hindi. 
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On the personal si«lo Prof. AFathiir was a man of 
stroni^ iirineiples and ideaLs. As an adminis- 
trator Ids sense of justiee was which won for 

him love from all (piarters. Tie was a strict disciplin- 
arian, though kindly in judging faults. ITe was simple, 
sincere, and a great philanthropist. Ills purse was 
always open for tlic poor students and for the cause 
of science. TTo caiTicd his greatness with charming 
modesty, and was a paragon of politeness and gentle- 
manliness. J le was a seliless and conscientious worker. 
Whatever work, whether great «u’ small, of scientitic or 
of social nature, he took ii]) he used to put his heart 
and soul into it with the result that he usi'd to over- 
work hims(‘lf, a practice which he continued even 


during his illness. Ilis friends and doctors constant- 
ly advised him not to work so hard. But all such 
advice was vehemently opposed as life to him with- 
out work had no incanitig. A d(!Voted scholar he 
hardly enjoyed a vacation. As the nature of his 
duties demanded his presence at the University all 
thi'oiigh the working session, he used to lead geologi- 
cal excursions during the hot months of May and 
June and that too soinotimos to places like Rajputana, 
flitch, and Kathiawar, l^vcn when at Vienna for. 
treatment he attended Tntcriiational Geological 
Congress Meetings. This prolonged strain of work 
with little rest was perhaps responsible for bringing 
such a brilliant (career to a close at the early 
age of forty-three?. 
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DECEMBER 1936 


Irrigation Research in India 


'riii: umumi lucM'liiifi oT tin* liourd of 

Irrij^Htioii whs hold wt N<*w l)<*lhi during th(‘ ihst 
of NovciidxT. iiK'cliiijH' Wiis opnicd by 

II. K. Hio Viceroy willi n speech reviewing: irrijiratioii 
work in Tndin. The Viceroy slrosscd the imi)or- 
(jiiico of irrfeilion for nii airricnlhirjd coniilry likt* 
ln<ii:i :iiid poi-nled out that tiie (ioveriiiiieiit had 
spent a Sinn of Rs loO crorcs on irri^ration .so far. 
He reviewed the activitii's of the Central Hoard of 
rrrijjjation during tlu' last si.\ >ears and mentioned 
the po.ssibility of the I'stabli.shmcMit of a centnil 
re.soarch .station, wdien? iirobleins of irrigation would 
be .studied with the liel[) of inodel.s. 

AVe may remind onr readers in this connection 
that tlie idea of .studying irrigation and other 
connected ])roblcins with the aid of models in a 
research laboratory before any irrigation .scheme 
is actually .sanctioned was lirst advocated by 
Prof. ^r. N. Saha in an article, ‘Need for a 
llydranlic llcsearch [/aboratory in Iknigal,’ published 
in the Sir l\ (\ liny ('oiutnewornlion Vohnne^ 
and the idea has .since been advocated in a 
number of articles, published in SriKNC’K .wn 
OuLTi.TUK, by Dr N. K. Jkisi* and Mr 8. C, 
Majmndar, with particular refer<*nce to the problems 
of Hengnl. The Viccroy^s speech indicates that 
the Government has been convinced of the sonnd- 


n<‘*<s tif tin* ideas advocated in the>c columns, but 
wc arc afraid that though inh*ntions may some- 
times be (jiiite good, the iiM'thod of working out the 
programmt* may be misomid, and may wreck 
the whole srhemc. We wish. th(*rcforc, to oiler the 
following comments on tin* problems of irrigation 
in India. 

What is iiieanl by Irrigation 

The word “irrigation”, iiscil in the broadc.st 
seihsc, is not merely .'^niiplying theliclds with water, 
blit is really the maiiipiilrition of the water 
re.sonrces of a cfinntry to its best po.s.sible intere.sts. 
To India the probliMii of irrigation is of 
vital importanc<‘, as agriciiltnre is hero the chief 
industry and provides food to SO 'v of h(‘r teeming 
million.s. Thit in extent, India is almost a continent 
and exhibits an enormous variety of topographical 
ami I'limatic conditions. On one hand, there are 
the arid regions of Sind and Hajpntana, where .soil 
is .sandy and nnprodiictivc, rainfall is extremely 
.slight, and vegetation is scarce. Hig rivers ari3 
nio.stly absent ((‘xcept the portion f)f Sind through 
which the Indus pass(‘s), the only means of water 
.supply bc?ing deep wells or rain water .stored in 
artilicial lakes at suitable placc.s with the help of 
dain.s, a.s wc find scattered all over Rajpntana. On 
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the other hiiiid, there sire rej^ioiis like J3eii^iil which 
is entirely f«>riiie(l c»f eljiy brought <lowii by two 
mighty rivers, the (ranges and tlie Bnihmapiitni, 
and deposited in the course* of the last few inillon- 
iiiiims. The soil is, therefore, extremely soft, moist, 
and prodiietive and the eonntry is Hat, being 
absolutely devoid of prominent landsca]H>s like 
hills or plateaus. The two great rivers flowing 
over Bengal provide through their main channels 
and the network (»f inniim(*rable smaller riv<*rs a 
more than abundant supply of water to all its 
parts. The animal rainfall is v<‘rY high, rea<‘hing at 
tilaees over hundred inehe.N:. Thesr* eireiimstanees 
combiiH* to make lh*ngal liable to Ihmds at fre<nient 
intervals. Ih*twi‘en the tw<» e.xtreme limits of 
Bajpiitana and Ilengal, we have the semi-arid regions 
<if the I^injab, and north-west part «if the Agra 
ProviiHM*. 'Then again, in (he Deeean plateau we 
are eonfronted with an altogether ditlerent lnf>o- 
grafiliy. The* tableland is <‘ross<‘d by a few rivers. 
The rainfall varies from lieing v<‘ry c(»pions at (he 
coasts to a small amount near the er'iitre of the 
plateau. Tin* water lironght by this scanty rainbill 
drains out (piii-kly, ami leaves the land dry. 
Besides these three types of regions there are a 
number of others, like the Kmikans. where (he main 
topographical and climatic features ditVer materially 
and create a completely diflerent situation, gmng 
rise to a new set c»f problems. 

Problems of Irrigation Different in Different 
Regions 

Kven a superficial examination of the above 
consid(‘rations will convince the reader that prob- 
lems of irrigation difler cnornionsly from provinci* 
to province and it is v.rtrondy injvftirioHs, to 
apply the nicthofts sarress/'al in oneprorinee to the 
•irrigation prohtents of another^ a blander a'hich 
has rcry often tu'cn, rommitted. In/ engineers 
in the past in India and ransrd enormous toss to 
the country. The Deccan ]))atean rc(|nire.s .storage 
of wat(*r above everything else, wliih* in the Punjab 
cmmls supplying water to riverless tracts hav<* 
proved to be ve»‘y successful. Then again, in Bengal, 


the problem of supply of water for irrigation does 
not e.rist : what is far more important is to got rid 
of surplus water as quickly as po.ssililc. Owing ti» 
a cf>mbination of circumstances, e. r/., siiniiltaneons 
rise of two rivers whieii How into ea(*h other, tins 
does not always happen, and serious havoe is caused 
by ea(astrr>phie floods to the eonntryside. So we 
find that the ])rol)l(‘ms being so dillereiit from 
province t<» provinci*, irrigation experience gained 
ill cnie province is not likely to lx* of nnieli lielp 
<*1sewh<*n*. 

Irrigation — an ancient Art in India 

It should further be borne in mind that irriga- 
tion is n<»t a new art i'liportf'd into India by P>ritish 
rule, but is as old as civilized life in tliis <'ontinent, 
for tile siipi>ly and distribution of water are of vital 
importanee to tin* pt'ople. ft existed in a highly 
develop(‘d form in many parts of nneient India. 
It is well known that in the ( aiiveiy valh^y water 
was storf*d by nH*:ins of an anient from Hiiuhi 
times before the Christian (‘ra. The I)c*(‘can has, 
from time iinnieiiiorial, developed Inigf* st»>rage 
basins by blocking the* outlet of nioniitain streams 
and thereby creating artiticial lak(*s. Tin* Km|)cror 
Firiiz Shah cut a (‘anal from the Jumna to water 
his gardens in (he llissar district in the Punjab, 
which was renovated during British times and i> 
known as the AWst(‘rii Jninna Canal. According to 
Sir William Willcocks, the branelu'S of the (binges 
in the Bengal delta were originally a system of 
canals dug by some aiicicait king for atroi-ding a 
(((lick outlet for the; (biiig(»s water to tlie sea. This 
not only prevented eatastnqJiie floods, but allowed 
silt-laden wat(;r to bo distribnt(*d over a wide area 
adding .Utility to the soil. Pnrther, it had a healthy 
flushing action ()V(*r the whole countryside, eliairing 
all stagnant pools which an* the hot b(;ds of iniilaria 
and other diseases. According to Willcocks, the 
decay of these branches is the cause of outbreak 
of malaria in western and (‘eiitral Bengal. Though 
irrigation is popularly supposed to be mainly eon- 
coru(*d with supplying water to tin* fields, it must 
be r(»aliz(;d that tin.; planning of bridges and (lams 
aemss tin* riv(‘rs, and of r(»s(*rvoirs for hydro- 
eleetrie. ]uirposes are also intimabJy eomiected 
problems. 
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Failures in the Past 

The \vat(*r resource’s i)f any country I'orin an 
orKiiiiic whole and tampering; witli it in one scctimi 
without considcriiifj: fully its possihh’ ellects on the 
rest of the syslein may produce serious coiisef|Ucn- 
ces. The history of irrijration projects in India 
is full of such dismal spirics. (Jlijrantic scheme’s 
have been iinele’rtake’ii and j>ushoel by ove’r-e’nthnsias- 
tic and inte’re-ste'el fiersons, and a larjre nimiber of 
these nnelertalxin^s have either fallen short of ex- 
pe’e'tation or have* proved disastrous owinjr to defec- 
tive planning; anel ^ross niisniana^e‘me*nt. Anion^ 
the succe*ssfnl seh(‘me*s nia\ be ni(‘ntie)n(’d the irri^a- 
tiem canals in the Punjab. Ihit we should not 
forj;e*t that e*rore‘s of rupe’cs we*r(‘ s(piande*re*d by 
Sir lle*nry (N)tton ove*r the ()ri>sa and Mielnaporc 
(‘auals, for ene*oiira”:ed by his suece’ss in re'stenMiijr 
the’ ancient irrijralion system in the (\nivery anel the 
(Jeulavery valleys, he applie<l the same methods 
uncrilie'ally to e*nlirely (liilen’iit rejrie»us like Orissa 
anel we’stern lieneal. Xor are all siieli failures so 
old. (ilarinv! blunders are* b(*ine' (MUnmitleel uutler 
emr very nose* anel the* tax-payer is sulle’i in'i the* leiss 
e)f creire’s e)f rupee's. For illii^tratiem we* take* the* 
case* e)f Ilardin^e* Brieijre’ e»ve*r the (Janie s at Sarah. 
A bridjie e)ve*r the* leiwe'r Ganjxcs had be*e‘n uuele*r 
cemlcmplatiem sine*c bSSil fe)r atVordiu}! a elir(*ct 
railway communication b(’twe*cn the rich jute 
i’oimtry in c’aste’rn and northern He’ii^al and 
Oale’utta. A lar^e* number of sites were e’xaiiiincd 
for the. i)ur]iose? by the late Sir Francis Sprinjj;, whe» 
rocenniiu’iide’d fenir alternative* sites between 
Teliaghari (the? place where* the* (langos dcbe>uclie’s 
thre)iij;h the Riijinahal Hills) and Sarah. Of these* 
Sarah, which was the* le*ast satisfactory fremi the* 
on^iiiecrinti; pe)int e»f view and was prae*tically 
condeMiincd by Spring, w.as .selecte*d e)wing te> the 
pressure* exerted by the all-powerfid merchant 
comnuiiiity re*prescmted by the* Pcngal C-hambe*r e)f 
(^oimiK’rce^ jit Calciittii. Spring coinplaine’d bitte*rly 
of tluJ absence of a river physics laboratory, and 
found great dilliculty in designing, as all nc<*cssary 
d«ati), e. e/., di.schargi* of water at iiiaximum and 
minimiiin fleK)d, variatiem of discharge* throiigheait 
the year, etc., were? lacking, in spite of the* lack of 


data and absence e>f knowledge, the bridge was 
plaiiiicd and ooiistrueted, not at the* first (*sfiiiiated 
ee).st e)f Ks To lakhs but at a cost of ov<*r Hs ;i crores. 
According to many e‘onipe‘t(*nt critics, (he cx<*e*ss 
was due to niismanagemc’nt and lack e>f control 
over expc’iiditure*. Ihit this is not the cud of 
the* tale. "J'lie river, as if to mock the 
engiiH'crs for th(*ir negligence in studying her 
pr<»perly, has rep(‘atcilly shown a ten(h*ncy to 
leave* the* pri*sent be*il, e*ut a new channel, anel leave 
the e*xpe*usive bridge* in elry land. The* (letvernmeiit 
have* been e‘e)mpe‘ile‘d, ye*ar after ye*;n’, te> re*e*all lhe*ir 
<*xpe‘rts from Fnglanel ami s])e‘nel iTeu’e'S e>f rupe*e*s 
in trying to pri>te*ct the* bridge*. During inve*stiga- 
tioiis about Ihre'e* ye*ars age>. it was re*ve*ale*tl that 
big boiilelers elepo^ite•d at the* ba^e* e»f eme* e)f its 
pillars had absolute‘ly disippeare'el, e*vielently 
e*arrie*el away by the e'lirre'iit. 'I'his w:is an e*ve*n- 
tualily whie*h none* e)f the* e*ngineers hael thought te> 
be* within the* range* e>f possibility. Mighty Ineliaii 
rive*rs eifte'u bi'have* in ways whie*h are* ne»t e*xpe*cte*el 
by e*nginf*e*rs traine*el in foreign e‘ountrie*s anel 
unfamiliar with the* e'lmelitiou^ in t hi- e'oiintry. Mr 
Inglis of the* PeHuia I lyelroelynamie* !{e seare*h Insti- 
tute-’ was e‘ommissii»ne*el te> elo moele*l e*xp(‘rime*nts 
e)n the* (binges and the brielge* at Sarah. He* has 
publishe*el a re*pe)rt e>n the re*sults of his e.\pe*rime*nts 
but neitliing is known as tr> what steps have been 
take’ll by the* ( love*rnme*nt to te*st his ivsults em 
the* prototype. 

There are* e»the*r notorious e*ase*s where* cre>re*s of 
rupee’s have be*cn wasted em ace*ounf eif faulty 
planning. We* may take* the case e»f the* Mundi 
hydre)-ele*e*trie* sche*me whie*h was ewigiiially 
e*stimate‘el tei e*e>st. two cre>re*s, but about ten crores 
were altogeitluT spent em it befeire* the* schemm 
could be* e'omplotod. This cxe*cssive* expenditure 
was ])artly due tf> greiss mismanag(*nient, but partly 
also eliu* te> the fact that no satisfae-teiry estimate of 
the wate*r resoure*e*s of the* I'hl river was available, 
and still the* (ie)V(*rnme*nt was hasty e*nough tei sane*- 
tiem (he se*he*me, owing te> pre*ssure* e*xe*rte*el by ove*r- 
e*n(hiisiastic anel inte*reste*d pe*rsons. 'riie e*e)St per 
kileiwatt installe*el has been a little* less than three* 
theiusauel rupee’s, whie*h is :ibout te*n time’s (he* 
aiiiemnt spent usually e»n hyeb'e)-e*lecl ric stations, anel 
holels the; worleFs re’ceuxl for high expenses. 
Probably the* history of cngine?e*ring imwlmre in the* 
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world rovciils siirli a caso of irross inisinaiia^oincnt, 
faulty )>1atiiiiri^, aii<l disrcj^ard of piibliV 

intorosts. Tho Siikktir Harrajri* <*ost tlio liiifjo siini 
of tliirtyfoiir <Tor<*s and involved tlu* nomhay 
(lovormnoiit. in larjrc* animal doficits, tlio o(ro<*t of 
wlii<*li is sron in lln* lir‘avy animal ciils in <lio*rraiit 
for ^duration and oihrr nation-building activities in 
the Ihimbay Presidency. 

Need for Re.search 

Apart frmn inisinana^ement and manipulation liy 
the interested [lartii's, a Imirc amount of pnbli<* money 
wastes! over these* schemes is dm* tei lack of ade*<|iiatc 
data and other r(‘l(‘vant iid'ormatioii whiedi must be 
taken into eoiisidei-ation in the* oonrse of platminir. 
fn this <*oniief(iein we mij^ht refer h<*re* to the words 
of Sir Spi-iniif, i .i.i-:., who was ( 'hief ' Knjrin«‘<*r 
to the (iovernment of India in and had br*en 

deputed by the (bivi'rmm iit to lind <int a site* bn* 
the bridji;e over tlu* lower (iantr<‘s. Ib* n‘alized that, 
fiulia beinjr ;i ];ind of mi^^hty rivers, it was extremely 
important that all necessary information, data, and 
statistics she mid be systematically <*olle(*ted and 
regular research should be undertaken in the 
science of hydranli<-s. In his Hirer Trainimj 
fwd (''nutrul, published nearly thirty years agr», 
he said : 

“It might not imreasonably be expected that the 
State would sec the importance of devoting a cfini- 
paratively small animal appropriation to original 
rcscandi on lines likely to be productive* of a good 
return for the ex]u*nditur(*, in the form either of 
the reduction in the first costs fif its public works 
or of their safety and their (*conomical upkeep 
when built. Heretofore then* has be(*n no pre- 
tence of organizing any such research in connec- 
tion with the engineering <d‘ canals and railways of 
India. Kngineers have gone on blmuhTing, bene- 
fiting rather by chance than by design, j»y the 
ex])erience of their predecessors, and each consider- 
ing lums(‘lf lucky if Ik* escapes disaster at tlu* hands 
of the treineiidoiis forces of nature — amongst which 
some of the* most potent for good or evil are the 
great rivers with which he has to struggle.” 

Then again : 

“How under so haphazard a system, anything 
gets done at all is a marvel ; and instead of being 
surprised at .t 100,000 worth of work having boon 
wiped out, the State may congratulaii* itself, if the 
loss is not double/ . 


That a great deal of public money can be saved 
by .sy.stematic hydraulic research cannot be 
eni])hasizcd too strongly. We may here cpioto a few 
W'oixls of Mr J. 1{. Kroeman, an eminent American 
authority on tin* subject : 

“Ijast summer at Karlsruhe, I was told that 
wilh each ])ractieal major problem that had been 
taken into their river structure laboratory, the 
saving in the structural cost due to the information 
thus gained had been mori* than e(|Ual to the 
raitiri* cost of laboratory building, aiiparatus and 
ri‘S(*areh. .Vt (/harlot tenbnrg and elsewhere, 

1 gath<*red that laboratory r(*search with the help of 
sniall-scah* models has been eiiiially successful. 
Personally f have little doubt that suitable river 
striictiin* labi»ra(ory, in skilful hands in the 
Knited States, <*nuld be made to pay dividends of 
a timusand pc*!* cent per y(*ar on its cost.” 

Research in Foreign Countries 

In I he progressive countries of the West where 
rivers play an important part in tlu* life of the 
pjMiple, for the purposes of navigation or agriculture, 
till* .“tiidy, c'onlrol, and development of rivers an* 
<*arri<*d on along seieiitilie lines, (ii'rmany has been 
one of the pioneer eoiintries in this matter as in 
many other branelies of sei(‘nee. Ib*r trained 
experts and scientists have done immense good to 
the flevclopment of her inland w'aterways, harbours, 
canals, an<l to tin* dwellers of the riparian fr:i<*ts. 
1'here are permanent Rhine and Danube i*iv’(*r 
eomiiiisshms eoinposid of experts from ditVerent 
■ eoiintries through which the rivers ]>ass. Resides 
the^e, Germany possesses niimorons good liydraiilic 
research lain »i*a tor ies under (aninent directors. 
Austria, Gzi'cho-SIovakia, Hungary, and Sweden 
also have simihir research laboratories. IJ. S. A. 
has a number of such institutions, cither 
lirivately managed or attached to some of 
her universities. H. S. S. R. has two, one at 
Leningrad and the oIIk'i* at Tashkend in Central 
Asia. The Tashkend laboratory is supposed to be 
tin* biggest and the best equipped in the world. 
The wfirk usually done in th(*se laboratories is 
extremely varied in , nature, iiieliidiiig problems of 
sedimentation, erosion, cITbet of tides on liarboiir 
protections, the laws gov(*rning the formation of a 
river course, strength of dams, etc. I^hoiigh a great 
deal of wnrk can be done on the general principles 
of river pliysie^^, it is in studying particular problems 
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that snoli laboratories aro most useful. In Sc ikni-k 
AND (h’l.Ti’UK, June liKlo, Dr N. K. lios**, Kesrareh 
Ofliecr, Irrij^atioii Department, Punjab, (]e.s(‘ribe(l 
a few foreign laboralorit's in the eonrse i»f 
an artielo on Bengal Rivers and their Training. 
While at riiarlottenbnrg (Berlin) he found that 
experiments were in progress, in which the eflecls of 
tides and oc(>aii waves on harbour prot<'c*ti«»n works 
at the month of a river were being inv<‘stigate<l in a 
model under instriunjons from the Diit<*h (on'ern- 
meiit. In the course of the investigations a specd.al 
apparatus had been devised to create artificial tidal 
conditions in harbmir and in the river. Tt had taken 
the laboratory more than a year to perfect this. 
The. Dnt<‘h (lovernnu'iit bought the whole set of 
apparatn.s with results obtained till th(*n for l?t),0()0 
marks. As far as progress <»f river physi<'s, as an 
independent branch of science, is <*on<‘crncd, it is 
nr)w clearly recognized that observation on natnnd 
rivers is a very slow, troublesome, and imperfect 
method, being not under any sort of exp(Tiinent‘d 
control. On the either hand, investigations along 
l>iirely mathematical lines have also proved barren. 
Study of river physics as a branch of (‘xperimental 
physics in firopcriy (Vpiiiiped Iaboratori«*s has 
prov'<?d to be nmst fruit fid. 

Ill India, though tiie Oovevninents, both (Vniral 
and Provincial, have exeeMitesl huge schemes in 
the past, paying crores of rupees to the for<*ign 
capitalist, im organization existed till <jnite r<»<*ently 
where the experience gained by irrigation engineers 
in dirterent parts of the coinitry could be collat(‘d 
and discussed — not even a library where relevant 
publications of foreign countries coidd be easily 
available. A few years ago the Jtoyal (\>iimiissioii 
on Agriculture presided over by the present Viceroy 
recommended the establishment of a compreh(»nsivc‘ 
library^ of irrigation publications, both Indian and 
foreign, for the use of irrigation engineers, Even- 
tnally in 1930, the (Vntral Board and Bureau of 
fiTigation ^vere (established. The Bureau has a good 
library and the Boanl has provided during the last 
six yc'ars of its existence a number of sub-committees 
to deal with te<»hnical problems, ft ought to be 
pointed out that neither the Boaixl nor the Bureau 


has hydraidic. res(‘arch among its (‘sscuitial duties, 
though it has be(Mi insirnmcntal in bringing out a 
number of nsi'fiil publications on irrigation problems. 

As a result of persistent public agitation through 
the press, the (iov(‘rnment s(‘em to have r(‘aliz(‘d 
at last that tin* research on irrigation probhans is 
necessary. But niifortuiiat(‘ly, they have faih'd to 
s(»e that a central re.search station will serve no 
useful piirji'ise. The Viceroy, in his speech, opening 
the Central Board of Irrigation, said: 

“I iiotic(‘ that one (»f th(‘ (|U(*stioiis to be dis- 
cussed at your m(‘(>ling is that of the (‘stablishimait 
of a central r(»s(‘arch station lor irrigation. The 
Royal ( *ommissi<m on Agritadtiirc conclud(‘d in the 
light of their investigations that siieli an institution 
was not d(‘sira)>le and that provimaal re.sf^arch wa.s 
of givatm* importane(>. But since the date of onr 
report much has happemul and much further (*xpe- 
ruMice has b(‘(‘ii gaiiu'd. I understand that during 
tin* past ten years as a result largely of the use 
now made of nwHlels in sttlviiig irrigation and river- 
control |)robh*ms th(*r(‘ is nr»w a strong demand for 
research of an all-India natnn*. 1 attach great 
importance to this work which, if siiccessfid, shoidd 
make a most mat(*rial contrihution towards the solu- 
tion of a s(*t- of problems important in many an^as 
and in some of iire.ssiug urgency and signilicaiice.” 

We an* afraid that, tin* Vic(‘r(\v has bc*en rather 
enthusiastic in his advocacy of a central r(‘search 
station for irrigation. Krom what W(* hav(» said 
(*arli(*r it. will be clear that a c(*ntral n‘search station 
for hydraulics (*aniiot. serv(* tin* interests of thf^ 
wdiole of India, as the problems in din(*r(?nt regions 
arc entirely ditlereiit. Then* arc at. ]ir(*s(*iit four 
research laboralorie.s, om* at Po«nia, which is being 
subsidized by the ( I ov(‘rnment of India for 1937-38, 
tin* second at Lahon*, entin*ly rnn by the Punjab 
(xovermmait, tin* third om* at Sind, tinaiiccd by the 
Sind (■overnment, and tin* fourth a small one, oidy 
l•ec(*lltIy started in l\ P. 'riiey an^ doing good 
work for their respective^ jiroviiices and in;iy b(^ 
further dcvelo|M*d, and we arc entirely oppos(.*d to 
th(*ir abolition or absorption by a central n*scan*h 
station. A hydraulic n*s(\'irch station is v<*ry badly 
needed for tin* lower (lang<*s valh*y (JVdiar and 
Bengal), but it will be a blunder to snpposr? that prob- 
lems of th(*s(^ regions can be solved by a station 
sitnat(*d at D(*Ihi, for tin* Delhi ol1i(‘iaIs <‘annot have? 
the opportunity to study the problems tirsthaiid, 
unless they are constantly touring in B(*ngal. 
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Final Suggestions 

Oiir filial siijrjjcstioiis art* that scparati* hycIniiiliV 
rcsc'arfli labnraforif's and dcparfiiuMits of fiolcl sor- 
vico run liy tho jirovincial j;«)V<‘rnniont.s and sub- 
sidized, if necessary, by the (aaitral (xoveriiiiieiit, 
should be oi’j^anizeil for wc‘ll-delln(*d rejricuis sepanite- 
ly and fhat problems should be studied seiiMitifieally 
in <‘a<*h laborafory and data eolleeted before any 
irrijration jiroblem, use<I in tin* widest sense implied 
in this essay, is a«-(ually tai'kled. 

Ih'sid<*s (he lour exisfinjr laboratoriivs whieli 
should b(* develope<l, at least (wo more hydraulic 
la I oratories siioiild be opeiunl, one for Iiihar, Hen^al, 
and Orissa, and anolher for Maiiras and (he lower 
Deeean. 'fla* one for the low<‘r (ian.u:es may be 
stationed at ('aleiiKa siibsidi/(>d by the three* pro- 
vincial gov(‘rmn(*nts, the Central (love*rinm‘n(. the 
Corporation e»f Calcutta, and (he* trustees of (he 
C/alcutta port. It must be pointed out (hat the last 
two parties have vital interesf in ke'cpinjj: the d<*ltah* 
rivers of the ( laiiiretie vall(*y op(‘n. 

Then* is a piin*ly seMentilie- side whieh must not 
be toi*}j[o(t(*n. We* de> ne»t as ye*(. knejw much of the? 
physics eif river flow. Kcse*are*li in this elin*(*(iem 
may be* e*nce)urau:e'el by y:ivinj; jiranis tei predesseu’s 
in unive*rsitie*s and e-n^ine'erin*? <*olli*;res. Xo 
useful piirpeise* will be* se*rveel by a cei'orelinatiii^ 
central be)ely. Hut workeTs from <liller<*nt labeu’a- 
te»rie*s may e)<*<*asionally me*et and inten*han«i:c views 


as is done by the research workers of the Agricul- 
tural Ri*so!irch (.-oniicil. 

The laboratories should be planned on tlie model 
of the* latest river physics laboratories in Kurope 
and should be plac(*d under the contre)! of those 
whe) are familiar with the latest methods of research 
in river physics. I'he usual praetiei? in this countiy 
is to place such research institutions under tlie 
control of enginoei*s in (lovernincnt service, who 
have no previous knowledge of hydraulic research. 
Such a system defeats the purpose of the organi- 
zation, for by the tiim* the (*ngineer learns anything 
of actual science he will ])robably be on tin? retired 
list ()r be transf(*iTed (*lsewh(»re. J<\)r field s(*rvice, 
ytuing men should be traim*d in research laboratories 
and sent out on definite programme. No engineering 
scheme should be* undertaken or sanctioned unless 
all hydraulic data have been eollecb'd and the ])lans 
have been t(*s(.ed by (‘omp(*t(*n( experts in research 
laboratories, 

Sm*h laboratories should stiuly prrd>h*ms of 
river training, flond irrigation (wh(*n necessary), 
navigation and water ])ower development. 

The duties of the department for lield service* 
will be to undertake a hydrographic snrv**y of the 
province including (‘ollection of accurate? inform- 
ation regarding supply and distribution ed water 
in the rive*r .syste»m eif that re^gion. It should also 
make? a contour survey of the* re*gion, colh'ct :ill 
elata r<*gai*ding rainfall and siibseui wate*!* and r)the>r 
ge*ophj’sie*al factors lil:f*ly to be? e)r use* in the pret>ara' 
tieiii eif gre*a(, e'onstriictive* i»lans. 
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Chinese Culture before and after Indianization 


Hu Shih 

ProfeaBor of Chineae Phllusophy. National Univcriity of PoiiiinK. 

Laws of Cultural Borrowings 

Tiik lonjj history of Jiidiaiii/Mtioii of Chinese insti- 
tutions, tlioii^rht, art and lifo in }>:c‘iu*ral, fnrnislips 
llio most extiMisivo material that (‘an bo found for 
th(» study of cnltiind ItorrmriiKj on tU<» jfrando.st s(‘al('. 
Indood, nowlioro in tlio world, with tin* only possible 
(‘xcoption <»f tlm (Miristianization of Knrope, can 
OIK! find anoth(‘r source of historical mat(!rials oipial 
in cxt(‘nt and in length of tiinc*. I venture to say 
that this attempt to study the Indiaiiizatioii of < *hina 
as a (*ase of extensive* cultural borrowing? may be 
found at h*aHt of sn«j:tj(‘stive value to tin* study of 
the paralh‘1, though not (piite similar, story of tin* 
(Miristianizatioii of Knrop(\ 

(Vanmonsense tells ns tliat liorrowin*; means A 
taking from B soiiu^thiiij; which B has and which A 
has not. In the c'ase of (Miltnral borrowinjr the 
ndationsliip of “liave’^ and “havcMiot” is not so 
simple, blit is often relative* and jrnnh'd. There are* 
at l(»ast several bnaid jrrad(*s. 

1. AhasC 

B lias not ('J and wants it. 

2. A has I) 

Bhas I), 

And the snjieriority of I) to Dj can easily 
and clearly be denionst rated. 

3. A has El 

r> has K, 

But it (‘aiinot be (*asily shown that hh is 
superior to Ky* 

Ft may turn ont that K.j is (‘ven better. 

4. A has y 

B has O 

Blit (J is directly opposed to R 

5. A has IF, F, »I, K, etc. 

B has not these and is not in need of them. 

Cultural borrowing; r(!adily and voluntarily takes 
place ill the first case. Fn the second type, bormw- 


iiif^ is made usually when the snpcM'iority of the ini- 
port(*d culture is clearly demonstrated. In (he otii(‘r 
typ(‘s, cultural borrowinj; l)(*ci>nies impi^ssible soim*- 
tiincs because of native, indiilerciict*, sometimes be- 
(‘aiise of stronti; tippnsitioiis, and sonictinies b(*canse 
of men* sentimental attachment to traditional cnltnn*. 

The me(‘hanit‘al tinie-i*lnek which tin* (*arly 
.J(‘snits and Knropcan traders brought to (Miiiia 
300 y(*ars ajxo soon r(‘placed the clninsy water- 
chxks of th(‘ indic:(‘noiis civilization. 'I'lie J(‘snits 
.also brought to (*hina the new methods of 
asti*oiiomi(*nl cahMilation and (‘ahaidar r(*form. 
These w(‘n* at first v(*li(‘mently ri*sis(ed by the 
nafiv(* astronoim*rs. ihit, after forty years of 
striijrjrle and tiftc(‘n years of rij^id competition in 
astronoini(‘al calculation and pnaliidion, tin*, 
superiority of l*airo]n>an sci«*nc(‘ was so cl(‘arly 
d(‘inonstrat(‘d that the new calendar work(‘d ont 
by the rj(‘siiit scienti.sts was oflicially adopted by 
the jrovernmciit and i’(‘niaiin‘d in forci* until very 
recent ye.ars. 

Blit an ali«*n culture rankly comes in sinirle and 
isolated items. It always involves a vast. coinph‘X 
of vari(‘d elements, of which some* may be stronjj;ly 
opposed to th(‘ir coiiiit(‘rparts in th(‘ native civiliza- 
tion, while others are often resisted by indigenous 
counterparts which the native pei»plc (*onsider j^ond 
enough for their forefathers and therefore jrood 
(‘iion^xh for th(*niselve.s. And. after all, who shall 
be tin* jndf^c of which is the “better^’ in such iinh'fi- 
nabh* matters as lininan relations, moral values, 
iiitcll(?ctnal standanls, or r(‘li‘rions i(h*as and prac- 
tic(*s ? In all tln*sc sphen*s, emotional attaeliinent 
is nsn.'illy stron<i[ and objective evaluation difUcnlt. 
Mor(*ovcr, it is impossible to d<‘inonstrate satisfac- 
torily that, of t.h(*.<c more or h‘.ss similar or more* or 
h*ss opjiosin^ connterparts, one form is really 
“iK'ttcr” than the other. Tin* (*arly .b'snits in (liina, 
for examph*, W'ho could th*nionstrat(* conclusively 
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ilint tlioir predictions of eclipses of the siiii mid the 
moon were by far more exact than those of the 
native; astronomers, foiiml thems(*lvos in }rn»at dilli- 
enlty to prove to the Chinese that ane(‘stral worship 
was idolatry, that polygamy was wronjr, that the 
Holy Virjrin was more powerful than the (Joddess 
of Mercy, that the Christian (Jod was more real 
and more lovalde than tlie (liinese Tien or 
that tlie (Snifiieianist <loetrine of the goodness of 
human mitnre was inferior to the Ciiristian idea 
of original sin. 

Ihit there are times when these natural harriers 
are not siitVieient to prevent a ])eople from wholesale 
and indiscriminate acceptance of an alien eidtiire. 
SiK'li times n<*enr diirinu: periods of fanatic relijrloiis 
fervour, and during perioils of fanatic waves of 
nation-wid<* /.eal for radi(‘al reforms. Japan in the 
last three <lecades of the ninet<*ei;th century was a 
case of wholesale cultural bolTowin^^ diirinj; a period 
of almost fanatic zeal for political reform. ('Iiiiia, 
in ISIKS, and aj^aiii in l!12(i, came nearest to this 
fanatic l(‘vel. 

Ihit j^reat waves of religions fanaticism have been 
th<‘ usual histori<‘al occasions of larjjje-scah; ladtiind 
boiTowinji. Durini^ such jicriods of powerful mass 
conversions to a new relijrion, peoi»le easily hist 
their sense of calm evaluation and embrac*ed every- 
thing that mi^ht accompany the new faith. Some- 
times it re(|nires a lonj; period of slow penetration ; 
sometimes it nM|nii'cs j?n*at headers fif magnetic 
foree to sway the niassc*s. Ihit, when it becomes 
a mass movement of vast numbers, the momentum 
is so j^reat that kinjrs and (|iic»ens, enijierors and 
empresses, princes and princesses, th<» mible and 
the lowly, an; swept aloiiK with it, and the new faith, 
tojr(*ther with all its vast paraphernalia, t;ood or bail, 
useful or useless, di-sirabh? or undesirable, dij;estible 
or indijrestible, is accepted in toto with cafjerncss 
and enthnsi:isni. 

And when thi* first enthusiasm and bewilderment 
are ovi‘r, when critical jiid^iiKMit returns with the 
lapse of time and with more intimate kiiowlcd^re, the 
new faith, together with all its nppendajres, has 
already been wcU (mi throned and eiiiremrhed in the 


coiintr}'. Then there began the period of doubt, 
of eritiidsin, of open revolt, and even of drastic 
per.seciition. To be sure, there may have been 
earlier periods of doubt and opposition. There 
were Neroes long before Constantines. But perse- 
cutions during great wav(;s of religious enthusiasm 
only rendered b) the; persecuted faith the services 
of free ])iiblicity and conferred upon it the addi- 
tional .attraction of heroic martyrdom. 

With the return of calm judgment and, what is 
mcmi important, with the natural re-assertion of tin; 
inertia and resistance of the native culture, the 
borrowed cidtnre ncc(!ssarily undergoes ail forms 
of changes, modifications, adaptations, doiiiestic.a- 
tions, and eliminations. In case of minor religions 
which had only comparatively small bJlowing and 
had not had siifTicient time to bike root* in the 
new soil, sushiined persecution might succeed in 
comph‘tely suppressing them. Such was the case 
with Zoroastrianism, Nestoriaii (liristianity, and, 
to a lesser degr(*e, Manichaeanism in China. 

But Thiddhism could not so easily be; uprooted 
by pci’secution. For two thousand years, it conti- 
nued to b(! oiui of the greatest, indeed the gnwitest, 
religions in (liina, (continuing to Indianize Chinese 
lif(‘, thought, and institutions. It (ronstitiitc'd tiu; 
only important source of Chimes cultural borrowing 
prior to her conbict with the Fiinipeaii civilization. 
Tt continued to flourish in (Miina, and through (^hina, 
in Korea and Japan, even long afbT it had dis- 
appiaiivd in its mother (Miuiitry, India. It contiiuKHl 
to India ni/.fc t.’liina long after it h:id ceas(?d to be 
a vital and powerful religion in (Miina. Ind(c(‘d, as 
we now b(‘gin to understand, Indiaiiixatioii Ixccaim; 
more powerful and elective throughout thos*» 
centnrif's wh(*n (^lint'so thinkers b(;gan to rcjoic(! 
that they had killed Buddhism or at least made it 
innocuous. Buddhism is dead in China -long live 
Buddhism ! 

Tt is my piir|)osc to trace this long process of 
Indianizatioii thmugh its various successive stages. 
Broadly speaking, th(;s(» stages are 
.1 . Mass Borrowing ; 

2. Ii(*sistance and Persecution ; 

.'k Domestication ; 
and 4. Appropriation. 
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liv mass bori’owinjr T m(*aii not <wily tlu‘ simple 
prnooss of (Jhiiia takin^i: from India all tlmse thin<rs 
Avhicli wore either totally absent i»r we tk in ibe 
indigenous (dvili/atioii ; but alsd that mass mov(‘- 
ment of reliy:ioiis eiitliiisiasm wliieli blindly eiiibraej's 
evorytliinj; that aeeompanii's tin* new faith. Hy 
resistanee and pers»*oution I mean to imdnde (ln»*.i‘ 
])eriods of history when (Miina beiran to doubt and 
<piestion the invading enltnre which was iluai otM iily 
opposed by f^hinese thinkers and p«TS(‘eiit«‘d by 
irovernmental action. Ity domestication I mean to 
include all thos<‘ temleneies cons<'ionsly or nncons- 
eioiisly t«) make the Indian relitrion. art. thoii<rht 
and institutions take np more and more fhine-^e 
colours, to make it more “at home*’ in (’liina in ordr*r 
that the ('‘hinese people mitrht b‘el more at Inane in 
them. T>y appropriation I mean the cnlniinatiiiti 
stajre of sne<‘essfid borrowing: when the e>''enc‘e. 
if not the bodily totality, <»f the bia-rowed culture 
is nneonscionsly “appropriated”, re<*ou:ni/<‘<l by the 
native popidation as their own. 

Triumph of Buddhism 

In order to appreeiat(‘ tin* vast sc(»pe of (’hines<- 
borrowings from India, it is necessary lirst to under- 
stand fin* truly strikinji; contrast between the ancii'iit 
<'nltur(*s of thosj* tw<i IK'oples, e.-speeially in tln-ir 
relijrions beliefs and practices, '^rin* ancient ('hiiioe 
pe(»ple, who built up lln*ir civilization in the north- 
tem])erate zone where the strujr^le against the forces 
of iiiitiire was severe, had worked out <ady a very 
simf)le and plain relijrion, eonsistin”- of the wt>r>hip 
of ancestors, of the natural forces and <»f a sn|ircm<* 
(lod or Heaven ; the belief in divination ; ;md a 
va^iie conc(*i)tion of retribution of j^oiul .and i*vil. 
'fliere was neither Heaven in the .sense of a Paradise 
nor Hell in the sense <»f the pl.aci* of Last Day 
Judgment. There wen* pracfi<*ally no mythologies, 
nor elaborate rituals. It was the religion of a hard- 
working and plain-thinking p(*ople. 

But, as the race becanu* more mature and more 
sr)phi.sti(?ated, it began to ye.arn fm* something inm’e 
satisfying or at l(‘ast more tantalizing than the too 


simph* religion of its ancient fathers, 'riironglnait the 
third and .second centuries n.c., then* were iiiimer- 
oiis ambitions (piests for strange innovations in 
religious b(*lief ami j)ractice, grandiose imp(‘rial 
<|U(‘sts for flu* gre:it unknown mystery which the 
too pragmatic .and rational mentality of indigenous 
(Miiiia coidd m»t possibly satisfy. 

'rii<‘n there came the gn*at religion of th<* 
Ihnldha together with all the .Maliayana trimmings 
of the pre-Buddhist and non-Bnd<lhist religions of 
India. Never b(‘fon* had China M*en a religion .so 
ri(‘h in imagery, so beantifid :md captivating in 
ritualism, and so bold in co>m(»logical and metn- 
phy>ic.'d >peenl:dion‘^. Like a j if )or beggar siiddeidy 
h.altiiig betori' :i magnitleeiit sturfdioiise of ])r(*cious 
sifinev of fla/.zling brilliancy and stih'iulour, ( ’hina 
was overwhf‘lmf‘d. ballled. ami overjoyed. Sin* 
beggeil and bornovefl fn'ely fnnii this niiinifit'ent 
giver, 'riif' tlrsl borrowings were chietly from tin* 
religions life f»! Intlia, in which China’s indf‘btf‘dness 
to India can nev(‘r be fully told. India gave China, 
foi* ex.'iinple. not mdy one P.ir;nlise. but teii.s of 
B;irailise>, fmt only one Hell, but many I b*lls, <>ach 
varying in s(‘verily and hormr from the f>lh(‘r. The 
old simple id(‘a tif ndribnlion fd’ gofid and (‘vil was 
r(‘plaef*d by the i<h>:i of t rauMnigratifin of tin* soul 
ami the iron laws of Ivanna whit'li rims thrfiugh all 
past, present, and future existences. 

'riiese and thousands id' other it(*ins of bf‘rn‘f and 
pr,actic«* have |)oured from linlia by land and by 
sea into ( ’liina, and havf* been :icc(‘pt(*d and gradu- 
ally madf* into tiarts cd' the <‘ullnral lib* of (’hiiia. 
The ideas of tin* world as unreal, of life as painful 
and empty, of sex as nin'lean, id' the family as an 
im])edim(‘nt to s])intual attainm(‘nt, of c(‘libacy and 
nn*ndicaney as necessary to the Biiddhi.st order, of 
alms-giving as a supreme form id’ merit, of lovf* 
extended to all sentient bf ing.s, tif vegetarianism,* of 
rigifl forms of asceticism, id’ words and spells as 
h.iving miraculous powf‘r — lln*si* are only a few' 
drops ill that vast flux of Indian rf‘ligious and 
(‘iiltiiral invasion. 

'Tin* general aspects of the story of the spread 
of Bmhlhism in (’hina are comparatively w'ell 

* w.'is not so niiieli iiisisteil upon hy 

Uad»tlnst.s as liy Jains— Kdilor. 
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Reaction against Buddhism 


known. Snflici* ssiy tinit, nrcordinjjj <o duv 
prosrnt kmnvlodjic, Ikiddliisin li;id ppdKibly 
to China lout; boion* I he y<*jir dS A.l>. <*onnnonly 
assi^iK'd as llio daP* of ifs introduction ; that 
|)roba1)ly if hatl coinc to China, luit as religion 
otlicially introtliiccMl by an cin])<*n)r, bnl only as a 
fonn of ])opnlar worsliip and belief ainnn^ the 
pei)]>le — ])robabIy amonu; the |)oort*st an<l the most 
lowly, to wlioin the Buddhist missionaries, tra<lers, 
and travellers ha<l bronoht the <rood tidings t»f iiieivy 
and delivery from pain. In ail probability, it was 
from the popiilaet' that th<* prince [jii Yinix (died 70\ 
yoiiiijror brother of flie emperor, caiijrlit the con- 
tagion and was converted tti Ihnldliisni. It was also 
from th(« popni.'ir wt)rship that the Kmperor lliiaii- 
ti (1 I7-Id7) elcvatcMl tlu^ Ihiddha and made him an 
ttbjeet of worship in his palace. The appanaitly 
rapid firocrivss made by Mnddhism in tlic Yaiiirtse 
\^alh*y and on tin* soiitlu*rn coast towards the end 
of the second <*entnry seems to indicate that it had 
had a h»ni£ p<‘riod of slow but steady periiu'ation 
amonu tin* peoph*. By tin* third <*enlnry when the 
men of letters bewail to admire and defend it. 
Buddhism hail alreaily become a powerfid reliuion. 
not beeaiis(» of uoveniinental fiatromiuiN of which 
there was very little, but becans(* of its powerfid 
followinji amonu the pi'ople. 

Tt was as :i popular reliuion of the [loor and the 
lowly tliat Bnddhism first came to stay in Cliina. 
As such, Afahayaiia Bnddhism came in toto^ and 
was ae<*(‘])ted by the Cliinese believers almost in ioio. 
Ft was not for tin? mass(*s to <>hoose and reject. .\ 
ureat reliuion of powerful popular aj^peal came and 
was acce\)ted. That was all. 

Indeeil, in their reliuions enthnsiasm, the Chinese 
people soon cann* to look to India as “tin* Jiand of 
the Buddha”, and evr*n as “tin* Western Heaven” 
fn>in which imthinu hnt the ureat truths <*onId <*oiiie. 
Kverythinu that cann* from the “Western Heaven” 
iniist have a r(*ason and commanded acceptance. 
Buddhism, or that whole movement of cultural 
invasion which went by the name of Buddhism, was 
bodily taken ov(*r by China on the hiulMvaves f»f 
reliuions f(*rvour a*nl fanaticism. 


Thit the Tndiani/ation of a country with an 
established eivili/.ation like (Mtina could not lonu 
be smooth sailinu- (iradually u**uv(» doubts began 
to crop up. (Iiincse think(*i*s began to realize that 
this Tndian or Binhlhist culture ^vas in many funda- 
mental aspects din'ctly opposed to tin* best tradition 
(»f diina. They began to resent the coiuiuest of 
their ancl(*nt civilization by a “barbarian country”. 

Of the truly fundamental diifercnces, a few may 
be iin*nlinne<l hei*e : 

I'^irst, the Buddhist lU'gation of life was contrary 
to t 'hiin*>(‘, cspecijilly to Confii(*ianist, ideas. To 
the ( \>nfncianist, tin* individual lifi* is a sacred in- 
ln*ritance and it is the duty of tin* individual to 
makt* tin* bot of that life at l(*ast not t«> degradi* 
it or d<‘si rny it. One of tin* nn»st popular texts of 
Confin'iaidsm. Tim ItnnI,' nf‘ FifinI ZVe///, says: “Tin* 
linmnn body. ev(*n (‘ve]*y hair and (*very skin id’ it, 
is inherited from the parents, and must not In* 
annihilated or di'uraded*'. Ancii'iit Chinese thinkers 
of the fourth century w. c. taught that life is of the 
hiuln*sl value. Tin* Buddhist doctrines tliat lib* is 
an illusion and that to live is pain h*d to practices 
which the Chinese could not, but regard as revolting 
and inhuman, '^rhroiighont the h^stor^ of Buddhist 
China, it was common |)raetice for a monk to burn 
his thumb, his fmg(*rs, or even his whole body as a 
form <d’ merit in emulation of tin* snpr(*me sacrifice 
of tin* Boilhisattva IMiaishajyaraja, the King of 
Medicine, one of the d(*itios of Mahayana Buddhism. 
Both the two ur(*at IhnhthisI liingmitlticnl Scrias 
th*votcd one sect ion to biogra]dii(‘s of (Miim*se monks 
who had burned th(*m.sclves to death, or otherwise 
committeu suicide*, as snprenn* sacrifices. ^I'liis 
s(?ction is under the heading, “Those who gave up 
their rjiv(*s”. It (*ontains detaih*d stori(*s of hiindrods 
of ^\u'\i suicides. A monk would annoimi'e his date 
of self-destruction and, on that day, he would tie 
his whole body in oilei] cloth, light the fagot pier 
and his own body with a torch in his own hand, and 
gi» on mumbling the sacr(*d titles of the Buddhas 
until In* was eomph*teIy ov<*rpowered by the flames. 
Very often such human saerilices were witnessed 
by thousands of pious Buddhists whose* plaintive 
wailings would a(‘compan> the slow burning of the 
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pious inouk. ('hiiui socmus to Ir.ivt* ooinpl<*toly ijono 
mad in ono of lior strauffo ]HTiods rolit;u»us 
fanaticMsm. 

Secondly, tlir ]ki<idliist iiioiik and mm must 
ronoim<'(> all (Immi* family r(‘la(ions and must praotiso 
<*i‘Hl)ary. Tin's was also contrary to Cliiiic^st^ tradi- 
tions. Tin* whole C^)nfnciallist ethics liad keen one 
of ri'Iatioiiships, of which tin* Family tics, tin* 

most intimate, were reiranh'd as the most important, 
fiidecd, Mcneins once sai<l that. <»r all a<*ts :i<i:ainst 
(ilial piety, tin* failnr(> to have children was tin* worst. 
(’elil)aey was tlireetly opposed to this traditional 
emphasis on posterity. 'I'he seriousness of this 
pra<‘tiee heeame all the more appanait when the 
niimher of monks an<l nuns ^rew to millions. 

'rinrdly, the nnmdieaney of the whole Ihuldhist 
<»rd<*r was I'ondemm'd hy ( ‘hiin'se moral and (‘(Minomie 
thinkt'rs as “parasitic” and as respoiisihle for the 
p^iverty and disorder in the e«ainiry. .VII the ortlio- 
do.\ (M‘onomi(* thought of pre-Ihiddiiist (liiiia 
had tan^ht that lahonr alone was e.ssential to pro- 
dnetion and that, the merchant <*lass was to he dis- 
(Mnirajred heeanse they w’en* parasites whi» “were 
fed without enltivatiny: tin* liehU. and werr* elothe«l 
without their women workinjr in serieiiltnre.” And 
now came the vast host of monks and imn-. who not 
tndy would not wc»rk, hut often aeenniulated 
iniimaise wealth for their m<niasti<* ord<‘rs through 
th(! extravajiant alins-jiivinjj: of the lay patrons. 'Phe 
eeononiie (Mmsetinenees heeame ipiite alarminu: in 
those* times when almost every <*i^hth person in tin* 
Kmpire was a monk, a mm, or a elependant ol a 
monastery ! 

Foni*thly, the whole outlook oE Ihiddhi.sm on life* 
was “other-wwidly”, pointing to an es<*ap<* fi’om 
this world and this life. That too was <|nit<* opposeel 
to th^^ moral teaehinejs (»f <*lassieal (’hina. The 
Hnddhist practised all forms of mental control ainl 
meditation, and acc iimnlated “merit” hy all forms of 
.SW/m*reading and spell-recitinjr, but —for what 
purpose ? The only answ’ei* was : for the salvation 
of the practitioner, which, of course, W'as a ])etty 
and seltish motive in tin* eyes of tin* Chiin*se thinker. 
.Vs a Chinese critic of the twelfth century put it, 


“What we should attend to is precisely that span of 
life from birth to death, nnddhism completely 
igrnt»res this life and «levotes itself to speculating 
about what goes bebire birth and after death. .Vnd 
the earth, tin* mountains and rivers, which the 
Ikiddhists eonsid(*r as (*m])ty :md nnr(*al, nover- 
fhele.ss stand fuit :is concrete realities that cannot 
be conjured aw'ay by magic or philosophy.’* 

h'ifthly, the w'hole Indian imaginative* ])ower, 
which kimws neitln*!* limitation nor discipline, was 
inde(*d too mneh lor the t’hinese miinl. rndig<*nou.s 
(’liina was always factual and rarely boM in imagina- 
tion. “Ivvtr*inl yoiir kimwiedge, but leave? »)nt the»s(» 
things alnnit which yon are* in elonbt.'* “Say yon 
kin»w w'hen yon re'ally know, anel say ye>n elem’t kinnv 
W'he*n yon re*ally elon’t know — that is knowdedge*.^* 
Sne*h w’e-re* tin* wise* instrnetions of (\>nfneinsem 
kiiowleelge*. '^I'his (‘iiiphasis on ve*rae*ity and ce*r- 
tainiy was om* of tin* most marke*d traits i»f an<‘i(‘nt 
t 'liiiie'.se* lil(‘ratnre. which is strikingly free frenn 
mytlmli>gie*al anel Mipernatnral eleme*nls. Confiieins 
emee .saiel : “I have* ele*vnte‘el wln»le* days w'ithont 
FimmI anel whoh* nights W’illnait sl(*e*p, to thinking. 
I»nt it was ejf no use*. It is be*tt<*r in h'ani than to 
think in abstract”. This '.(*if-analysis on the* part 
of one* of ('hina*s gre*ate*st sage*s is of pe*e*nliar 
signilicaiie'e* in showing tin* siispieion W'ith wdiieli 
('liine*.s(* thinki'i's re*gaiele*el tin* mibrielle*d e*.\ercise* of 
tlniiight anel imaginat io;: . It must h.'ive* be‘e*n ve*ry 
elinie'ult. lor (1iine*se* re*ael(*rs tei sw'alle»W' ele»wn all 
ttiat huge amenmt of sacreel iileratnri* e>f sln*e*r fancy 
and imagination. It was pretbably this nativei 
dete'statiem of the* nnbridle'el imaginat ieni whiedi lent 
tin* first </hine*se l(*ade*i‘.s e»f ant i-Ihiddhist. i)erse- 
eiition in the* fifth e'e*ntnry to de*e*laiv that the entire 
Hnddhist traditiem w^as a myth and a lie*. 

These* anti many e»tln*r fnndanie*ntal difVe*renee*s 
be*tw'e*e*n imligenons (_'hina and the lndiani/e*el China 
W'e*re largely n'S]>onsible‘ for the* nnme*rons r(*ligie)ns 
ce nitre )V(*.rsies and the* fenir niajen* anti-Hnddhist 
pe*rse*cntions of I ft), .”>71, Sfo, anel Hoo. It is 
signifii'ant to note* that all e*elie*fs for the* peTseeiitieni 
ed* Hnddhism emphasi/.e*d the* fae*t that Hneldhisni 
\vas an alien religii»]i introelne*e*d frmn a feireigii bar- 
barian cenmtry, and that it was a natienial disaste*r 
and humiliation for tin* Middle Kingdom te> be* 
thus ‘ barbari/.cd”. I Ian Vh (7t».S-.S2I), preibably 
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Iho iiitoll(?otnal dI' tlic* pcrsofutinn 

of SIT), tlics(! (‘oiiciso sl(»^;ins : “Rcsforo 

llioir poo]ilo 1«» Inniiiiuity ! liiini tlu-ir l)(»oks ! 
Ami rotnni tlioir to linin:iii n‘sulf*iu‘i*s.” 

'riu* lirst sIoiTJiii rciuls : "‘Mnn lht‘ir 

irion’’, mcMHinjr :ill tlioso who finbrmuul tiiis 

nlifMi vflijrinii were not to lx* (•oii.«i<h>r(xl ;is 
Tims in the iMliet of ])t‘rs(MMitioi! c»f S|r», 
:ifter enninerMtini: tiie temples nml moimsteries 
<l(Miio)islie(1, the millions of nt'i'es nf inon:i.-<tie ):in<l 
<‘on(ise:ite() mid (lu‘ vn-it inimhers of nK>nk> .‘ind iiiins 
forced to return to hiy life, <he Kmiieror siid : 
“fTcnccforth ;dl nllhirs of immks mid nuns shnll he 
deidt wifh hy the Ihiremi of Fon-iun Anhir-i’*- That 
is to say, all who aiv converfed hy a loiv-ion rr‘li^i(in 
were no loiiijr'r <*onsi<lered as (‘hinexe -nhj«*< <>.j 

^riiese wen* (‘xpressions uf a nalionali'-f ie 
coiiscioii'.ness hehind which wa< (In- mdv partially 
sirticniati* re<*o«r|,i(ion (hat this irn-al l•<‘H}!:ion intro- 
duced from the “Western II<‘aveir' contaimMl •nany 
ideas and practi<‘es which had umh rmined the moral, 
siK'ial and cconomii* traditions of the* (’liinesi* 
nation. 

Gradual Assimilation of Buddhist Culture 

lint HOIK* id' these nation-wide peisecntioiis ever 
lasted more than a few years and none sneeeeded in 
eradicating or even diminishinj.r the trememlons 
iiiihienee of the Indian reli'Liion in the country. 
When a persecutiiijij emperer died, hi> sincesMn- 
invariaVdy adopted a mon* leniiait policy and. in (he 
course of (In* years, the once-perscenled ri'li^ion 
flourished ay;ain in all its (oriner splemlonr and 
^raiidenr. 

It is a sirrnilieant liislorieal fact, however, (hat 
w’lile no more «rovermnental perseentiou id' Bnddliisni 
was undertaken after (he 10(h ceiilnry, the reli- 
^ion of Ihiddhism j^radiially weakened, withered, 
flwindled in its power and iidhienee mid linally died 
a -slow hill natural death. Why ? Where drastic 
persecution had failed, tin* more subtle processes 
of dom(*.stieatioii and appropriatiriii were meeliiiij 
with greater a.id jxioater sneeesses. Ihiddhisni in 


its domesticated form was gradually and iiiicons- 
cioii.sly “appropriated” by the Chinese p(‘ople. 

Domestieatiou is a eommon pheiioiiienoii iii all 
cultural boiTowiiij^s. A folk-son^*;, or a folk-story, 
introduced from a distant province, is soon l•(‘vised 
by nobody knows whom, and, while tin* main tlu'ine — 
the nifitif — is always retained, most of the d(*1ails 
(names, scenery, lashion, dress, lootwear, hair di’css, 
etc.) liave been retonehed with “loeal colour”. And. 
after a |)eriod nf .successive dome.stieations, it 
becomes cjiiite diflienlt to reeniriiizi* its distant or 
even alien orijjin. 

Almost evc-ry pha.se or (‘I(‘men( of Ihiddhism has 
iiiuiiT^ifoiie some di*jLrree of domesti(‘:il ion dnriiiu^ 
the.se twenty odd ei‘ntiines. Look at the faces of 
the d(‘ilie.s in a Thiddhist ti'iiiple in (Miina today and 
trace eaeh to its earli(‘st fndian orljiinals, mul yon 
will realize how the proi‘es> of domestication has 
worked. 'I he most ^trikiiiu' e\ampl(‘s m-i* the 
various stajji's of (ransformation of (lie j»-od 
Avolokibi who has Ion*; been “iinsexed” mid bijeome 
tin* goddess of mer<*y, often rctM'e.scnliMl as a b(*aiiti- 
lid woman with tiny bound feet. .Maitr(*ya has 
now become* (In* bi^^-bellied, .!Xoo(l-natiin*d, heartily 
laii^liinir Chin(*s(‘ monk that jxreets yon as yon enter 
any Biiddhi.'^l mona.stery in China. Tndeed, all faces 
of the Buddhist deities have* be*en Sinieize‘d tliroii^h 
a loiij; but uneonseions preiee'ss of deimestieatioii. 
Iweii in thei.se eases, as in (he* ease of the 1(5 e»r oOtl 
firhatsy where (he senipteir or moulder eeniseiemsl;! 
tries to iTcate “fon*ifrn” lype.s tin* resultant 
eTcation.s are invariably more (’hinese than Indian. 

.Mn.sie, paintinjr, arehiteetiin*, mul the other line 
arts which came* from India te^^etluT with the* 
Ihiddhist rdijj^iem, w<*r(! al.so .snbj(*(*t to pre>eoss(*s eif 
<l()iiK*stieatioii. The r(‘eitiiiK and sinir-sonj^iiijx of 
Sanskrit texts have* become entirely Siniei/od ; and 
Indian melodics have been made vehicles of Chinese- 
.sonfi:s in wJiieh their Indian on>iiis are often 
foitrotten. In painting, a.® in .scnlplnre, tln^ domes- 
tication went so far that later Buddhist paintintrs 
arc essentially Cliiiic.se and (lifter nidicaily fremi the 
early Biiddhi.st art and aI.so from the* Iat(*r arti.slie 
development in India li(*r.s(‘lf. 

Domestication of Buddhist Philosophy 

The nio.st difticnlt phase of domestication, iiatnr- 
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ally, lay in tlin splioro of tlio n>li|xions, moral, ami 
])liilo.so|)lii(*nl toiU'liin^H of llmldhism. lloinijr in most 
casoH basically opposed to ancient Cliinese traditiem 
and contrary to tin* intellectual habits of tin* Chinese 
peo]de, these tcai'hinjjs (*ould n(»t be easily digested. 
SuHiciently abstruse in themselves, they becaim» 
unintelligible in the translations, of which, as we 
know, V(*ry few wen? made by really coiiipetcait 
scholars well versed in the laiiy:uay:es and in the 
sul)ioct-inatt(‘r. 

^’'he most natural step in early attempts to 
understand this alien relijrinii was to interpret it 
in bTins of concepts which came nearest to th<» 
foreinn ideas and which wercMuost familiar to the 
native mind. Buddhism cam** to (^hina at a time 
when the phil(»si>phi(‘al i<l<‘as <if Lao-t/<; ami 
Chuaiif^-tzc w**re beinji: riwived and liaviiijx a 
meneral voj^iie amon^ the intclle<*tuals wh<» had jrr*>wn 
tire*l of the Neo-(Nmfueianists «»r the llaii Dynasty, 
'rin* philosophii/al naturalism ami nihilism of this 
'raoist s<*ln)ol had <*<*rtain allinitics with a number of 
i<l(‘as of phiIosophi**al Buddhism, ami it soon bta'am** 
a fashion to translate* Bmhlhist te'rminolojry into words 
Ixidily taken from the sayinjrs *»f tlu’s** 'raois* 
think(‘rs. Such borr*)wed terms ar** m‘v<‘r eA’a<*t : 
nirrtmn^ for example, wjis not tnf-ivci and an arhat 
was not a shivn jdt. But that was the best that 
could be d*ine in the early staj^es of intellect iial and 
philosophieNd borrowinj^s. Th**so la*)isti<* intcr- 
pretatitms furnished the bridj^o of (*nltural transmis- 
sion and made the new ideas of India more easily 
acceptable to the (liinese, iiit<‘lli<reiitsia. It was (he 
lirst stiijjc of domestication. 

As the work of translation pr*>ceeded in lat(*r 
centuries, the Buddhists insist***! on the importanc** 
f»f not using (*.\isting philosophical terms of the 
ancituit Chines*; thought. I'hey ])refcrrcd the 
method of exact transcription *>f th<; original sound, 
as hodhi (wisdom\ pnijua-paramita (the path of 
attainment through philosophic iiiidei'standing), 
nirvana^ yo(ja^ dhynna, saa/adht, and so forth. But 
whatever be the terms nsi*d, the Chines** reader 
**(Mitinued to “interpret” and uuderstaml iheiii in 
the light of what had be*‘n most familiar and 


intelligible to them. Ami it was the naturalistic 
and nihilistic ba**kgrouud of ancient Taoistic 
philosophy that ma*l** it possible for the philosophi- 
cal thought *»f such Maliayaiia scho*)ls as the 
Mtidhynimtht to b*» understood by the Chinese 
intelleetiials. 

Wherever such a favourabh* ba**kground is 
lacking, und(*rstamling and a**ceptanee became well- 
nigh impossible desiiiti* great nativ** lead(*rship and 
imperial patronag**. Ilsiian CIniang (r)lMi-<H>4), th*; 
great (Mniii*se i)ilgrim, who w**nt l*» Imlia at the 
h**ight of Vijnanavatliii thought, an<l, aft**r sp(*nding 
lo y<*ars studying it, brought hack a vast amount 
of Vijuanavadin Iit<‘ratiin* to wlii*‘h In* *levot**d the 
■‘(‘maimli*!* of his lib* to translat** into ('hines*}. 
4’liis seh*)ol ha*l *lev*‘lop(**l a most a])slnis** syst(*m 
of what may be t**rine«l intr*ispe*‘tivo psyelioh^gy 
which analys*‘s (*niiseionsiii>ss into over oOO states of 
mind and thi*ir **«)rrespiniding fa(‘iilti(*s :iml obje*»ts. 
Such liair-s|»littiiig diflen'iitiatioiis simply e*>nhl not 
he doiHMU (lie ('him>se language. In spit** of th*i 
givat pi'rsonal leatlersliip *>f Ilsiiaii ( ’hiiaiig and 
snim* (if his immediate *li.s(*iples, (|h> vast amount 
of Vijiianavaflin lit**ratiir«* n‘maiued a .s*‘aled book 
and produ(*ed pra<‘li*‘ally no irifinenee in the inteih***- 
tiial lib* oi ( *hina. I'he stiuly of tin* psychological 
ami logii’al lr**atis<*s <>l this school was reviv**d 
during tlu* r**e**nt d*‘ea*1es in »Iapan ami later in 
(’liiiia b*‘i*aiise tin* introduction of modern Kiirop(.‘an 
psy**hology and logi** had fnriiish***! m*w mat(*rials 
anil a new s(*t of tr‘rnis bir (‘omparison and for 
iiit**rpn*lation. This is another illnstratioii *)f the 
fa**t that borrowings in the lii*ld of speeniative 
thought cau only bt* done uud**r such favourable 
iMimlilioiis as to makt* it possible to iut(*rj>rc^t the 
unfamiliar in t**rms of the familiar. 

Th*; failure of th** Vijnanavada system in C^hina 
also shows the m*gativ** |)hase of cultural doim*sti<*a- 
tioii. What we cannot iligest wc disearil. Discartl- 
iiig iii(*aus the c*runination of all thos**. eh.*ments 
whii'h tin* nativ** <*nlture cannot assimilate or which 
tin* native population rcganls as iioii-css*‘iiiia]. I'li*; 
m'vciwmliiig importation *)f new Snfnfs ami treatises 
from Buddhist India throughout many centuries 
began to (rouble th*; Chim*s** inti^llecinals. As 
early as th*; 4th century, (^him*s** Bmldhists bogjin 
to ask the <ju**stioii : What after all is the essence 
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of this ^rrojit syst 1*111 of tlio Biuldliu ? Gnidiially 
thoy IV>nniilaU‘4l tlirir jiiisw(‘i*: Tlio fwsoiioe of 
Thiddhisin is M4‘di(Mtioii :ind Iiisi^rht. All olso oaii 
be? disoarded. (iradiialiy it was rucogiiizod that 
th(‘s<* two phases be eoiiveiiiently eombined 

ill the oiH* ((*riii yntja or whieh means 

iiKHlitalioii blit wliieh also iinpli(‘s and relies on 
])hilosophieal insight. From 400 on, there was a 
elear tendeney anionjr (^liinese Pniddhists to ^rasp 
the idea and |iraeliee <«f tlhyai/ft or yo(/ft as the 
f*ssene(‘ and eon>uinination of niiddliisni. 

Sininltaiieonsly, there arose the nir»venient t(» 
ffive speeial promineiiee to the Atuihthha or Pim* 
Land Seet. This s(‘<*t lai<l speeial stress on Faith. 
Faith in the existenee of the Pun* Land presidc*d 
over by the .Vniita Hnddha of intiniO* Ion<r<*vit.y and 
<*nli^hteiiinent ; and eoiistantly reniindinjr <me’s s<*If 
of this faith by daily refieatiii}; tlie forinnla “Naina 
Aniitava”- this is alone siini(‘i(*nt to insure tinal 
attaininent and salvation. This form of Ihiddhism, 
boeaiise of its extreme siniplieity, has had the 
jjreatest appeal to all elasses, and has survived all 
other more sophistieated sects. 

All these tenden<*ies were towards siinpliHeation 
or filtration. But a more radical voice arose in the 
nth <*entiiry in the ]i(>rson of tin* learn(?d monk Tao 
Shenjr who taiic^ht the revolutionary idea 4>f “Sudden 
Knlijrhtenment” as against all forms of ‘gradual 
attainm(*nt’\ ITo had been trained in the nihilLstio 
philosophy of Lao-tze and ( "huang-tze, and para- 
phrasing the latter, he declared : “The wonl is 
the symbol for the idea ; and when the idea is 
grasped, the symbol may be discarded." Tn 
these words w(* hear the first declaration of 
Chinesi* /ennism revolting against the terrible 
burd(*n of the hair-splitting verbalism and pedan- 
try of Indian scholasticism. And “Sudden Knlight- 
eiiment" was to be the weapon of this revolt. 
Grasp the idea and throw away the woixly symbols ! 

For even dhyatm or yntju includes a tediously 
long series of arduous and minute [iractices of 
gradual attainment, beginning with the. simple form 
of breath-control, passing thrcaigh all intermediate 
stages of rigid i.iental and emotional control, finally 


ending in the attainment of perfect tninquillity and 
case together with the aecpiisition of magical powers. 
Even this was too seholastie for the Chinese 
mentality. 

From the 7th century on, there aro.se the 
Soiith(*rn S(*hof>ls of Chinese Zennisni which was 
built on the central idea of Sudden Enlightenment 
and whi(*h discarded all the seholastie V(‘rba1ism, 
the .slavish ritualism, and even the minute practices 
of meditation. “Biiddha-hood is within you. Wor- 
.^hip not the Buddha, for the Buddha in(‘ans the 
Enlightened One, ami Enlightenment is within you. 
Abide not by tlie T^aw, for tlie Ijaw sinijily 
means Righteonsness, and Righteousness is within 
y<»ii. And almle not by the SniKihtt (the Brother- 
hood of monks), for the brotherhood simply means 
purity in life, and purity is within you.” Thus 
spoke Ilui-neiig, the founder of Southern Zennisni. 

By tlie Sill and IHh eenluri(*s. the Zeniiists wen* 
becoming truly iconoelastic. They frankly saiil: 
“There is neither Buddha-hood to attain, nor the 
Truth to obtain.” “\Vh(‘refore do ye bu>y your* 
s(*lves withfMit cease ? Go home and take a n*sl. 
Try to be an tirdinanj man, who <‘ats, drinks, sleeps, 
and moves his bowels. What more do you se<‘k ?” 

And they dev(‘loped a pedagogic techniiim* of 
their own, the ess(‘iic(* of whieh eonsist(*d of urging 
the novice to seek his 4>wn awak(‘ning or enlighten- 
ment through his own thinking and living. \o 
other salvation was po.ssible. 

Tin? whole* Zen movement from 700 to 1100 was 
a revolt against Buddhist verbalism and scholasti- 
cism, but it was also a movement to Sinicize* 
Buddhism by sweeping away all its scholastic 
verbiage and giving spo(*ial prominence to the idea 
of .salvation through one's own int(*llectual liberation 
and iii.sight. 

True, this proce.ss of discai-ding and expurgation 
left very little of Buddhism in the net outcome. But 
w«! must admit as a historical truth that 400 years 
of Zennlst expurgation had really domesticated the 
Buddhist religion and made it intelligible and attrac- 
tive to the (Miinese mentality. By tin* 11th century, 
Zennist Biiddhisni was more a philosophy than a 
religion. Jkit that was exactly what it should b<*. 
For wa.9 not original Buddhism more a philosophy 
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than a roliKion ? riifonscionsly and nn\vittin{yly 
thr (Miinoso Riiddlilsts, throughout a loiifj: period of 
a thousand years, had siu‘(‘eeded in shearing 
Mahayana Hnddhisin of all its c‘\traiU‘ons verbiage 
and in reinakinp; it into a philosophy, a nie(ho«l, 
and a technl(|iie. riieonseiously, they had made 
their Ihiddhism nearer to primitive Ihiddhisni than 
any llinayana or Mahayana seels had ever been. 
And ineidentally, they had thereby so doniestieatod 
Ihiddhism as to make it i^asily muhastood and 
ap|)reeialed by the Chinese int(‘lii^entsia. 

Ry IIk* lltli er'iitiiry. Iliis proeess of domesti- 
eation was eomplete and it remained for the (1iin<*s<‘ 
intelligentsia lo appropriate this domestiealed 
Rnddhisni as an integral part of ( Miinese eidinral 
life. 

No cultural borrowing is permanent until the 
borrowed eultnn* is ‘ aiipropriatird” by the nativi* 
peoph* as their own and its alien origin is completely 
forgottcMi. fn Ihe ease of Ihiddhism, all these eh‘- 
iiKMits which have not been so appropriated [>y the 
(Miinese pijople remain to this day as the nnassimi- 
lated elements of a foreign culture. ^I'Ik* work of 
Indianixation of (^hinesi* thought and institution'^ 
lias ooino about through those* phase's of Ruddhism 
and fiidian culture in general which have been so 
thoroughly domesticated and assimilated as to lx* 
unconsciously regarded by Ihe (’hinese jicople as 
their own. 

Chinese borrc>wings from the cultun? of India 
were made in two main instalnienls. The first por- 
tion of the borrowings came as a result of the period 
of mass conversion to Ruddhism. The religion <»f 
JMaliayaiia Rnddhisni which cmitains iiunicrons 
<'lements of th<» pre-Ruddliist Hindu religions, be- 
<'ame tirinly established as a great popular religion 
in China. Many of the cultural clemeiils that came 
with the Riiddliist faitli, as I have pointed out, w’cre 
things which the traditional culture of ancient ('iiina 
never possessed, 'fhey lillcd whal may be <*alled a 
“cultural (at least religions) vacniim” and wen* 
eagerly accepted by the believing masses. It was 
this portion of the borrowed culture that was the 
first to be appropriated by the (Chinese. 

295 


The second portion consisted of more subtle 
elements of the Indian culture — the philosophy <)f 
the w<»rld and of life, the moral and social standards, 
the intellectual habits — things to which the believ- 
ing nia.-'S *s were indifi'erent, and wdiich had much 
resistance to encounter from the age-long cultural 
niake-np of the (Miinese pi*opIc. It was these ele- 
ments which had required mueh intermediate work 
of sifting, discarding, distilling, and re- interpreting, 
before some of them were siiniciently domesticated 
to be iinconsci(»usly appropriatf'd into the (Miinese 
cnltur<*. 

Historically, tin* first pi'riod of Appnqu'iation 
<‘oim*idcd with the ris*? of the religion of Taoism, 
and tin* second .\t>propriation ciuncidcd with tlw 
revival of the secular ( 'oiifiicianist philosophy. 

Taoism — an Imitation of Buddhism 

'^Faoism as -i popular r<*ligi«ui (as distinct fnun 
Taifism as a phih>sophy) r»>se in the centuries follo\v- 
ing the gradual spr<‘ad of Ruddhism in (’hina. “Tao” 
means a “way”. There were many “ways” towards 
the eml of the se<*ond century A.h. After the third 
century, one form of Taoism, Tvith its <*harity orga- 
ni/ations, its practices of healing by praying, and 
td* ctinfession of sins, and with its ])olytheistic wor- 
shit>s, gradually acquired a large following lud mdy 
among the people, but also among the upper clas.ses. 
Rcginiiing as a consolidated form of the earlier 
“Sinitic” religion of the ('hinose people, Ta<»isni 
rc<*cived a great impetus from its impact with the 
imported religiims sy.stem of Ruddhism. Then* 
seemed to be a strong desire on the part of the 
Taoists to supersede' and kill this foreign rival by 
imitating every feature of it. They accepted the 
Heavens and Hells from the Indian religion, gave 
them ('hincse names and assigned to them (Miinese 
gods to pnside over them. A '^laoist canon was 
consciously forged after the model of the Ruddhist 
Sttfras, Ruddhist rituals w<*re freely adopted into 
the Taoist worship. Orders of priests and pries- 
les'^es were established aft<*r Ihe fashion of the 
Ruddhist order of monks and nuns. The Taoi.sts 
had also a form of inedilation which was undoubtedly 
a modification of the Yoga i)racth*e of India. The 
ideas of Karma and transmigration of the soul 
throughout Ihe (‘xislences were al.si» approi>riated 
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by tlift Tiioists, and made the central idea in their 
crineoi)tion of retribution of jj:ooiI and evil. Tlie 
idea of transmigration was only modified by the 
'^laoist belief tliat the individual could attain personal 
and physical immortality, and thereby cscapci trans- 
migration, by contemplation, medical aid, and accu- 
mulation of merit. 

SiiKM* the fifth century, there were many attempts 
nf the T.'ioists to (Hist Ihiddhism as an alien religion 
and to <*sJ;d)lish Taoism as its sole n.itiv<* substitiit«*. 
Taoist influeiK’e was behind pra<‘tically all the 
govenimeutal pe!S(‘cutions of nuddhism. 

While Taoism was intended to be a rival and 
substitute of Ihiddhism, it was too mu 'h an imitation 
--ind(M'd a <‘iinle imitation — of that foreign religion 
to dillenMitiat** itself from it ami to command real 
respect and adhcnaicj* from the intellectual <‘lass. 
^Icu’cover, its whole iaitl<M)k on lib* was just as 
(»ther-worlilly as the IhiddhistV 'rhe 'Paoist id(*al 
was also to ll<‘e from this lib* and this worhl and 
seek individual salvation, ft was as selfish and 
aiiti-social as th<* IhKhihist. It was for this r(*as(»n 
that in all the ('onfiieianist atta<*ks on the medieval 
religions, Taoism and Thiddhisni were always men- 
tioned together as th(* joint obj<*ct of attack. Ify 
too much a|)propriation of au alien n*ligiou, Tmusiii 
had alhaiated the sym|)athy of the more nationalistic 
<*ritics in the country. 

Revival of Confucianism — Secularization of 
Buddhism 

The revival of the s(?cular ( 'onfucianist philo- 
sophy in the eleventh and twelfth c<»nturies was 
|)rofcsscdly anti- Buddhistic*. Its objr*ct was to revive 
and re-interpret the moral and political philosophy 
of the school of (*onfiicius and Mein'iiis as a substi- 
tute for the individualistic, aiitksfK'ial, and oth(*r- 
worldly philosophies of the IbiddliLst and Z(*niiist 
schools whic'h had pr«>vaih‘d throughout the medieval 
p(*riod. The object was to r(‘viv<» a ])urely s(*cular 
(’hine.se philosophy to take the place of the religic.us 
and noii-(’hincsc thought of the |)r(*vions age. 

A statesman of tin; eleventh century h:id pointed 
out that, during the whole Buddhist period of about 


a thousand years, the best minds of the nation Hock- 
ed to Buddhist schools of thought and belief mere- 
ly because the Confueianist teachings were too 
simple and insipid to attract them. The problem 
in the revival of C\>nfucianist thought, therefore, 
was how to re-interpret the Confueianist classics so 
as t«» make <lH*m siilliciently interesting and attrac- 
tive to the best minds of the nation. 

As if by a miracle, the (\)id’ucianist iihilosophers 
of the eleventh century suddenly discovered that 
the tdd classical writings of Confiici'is and his 
school could be made as interesting and :ittractivc 
as the Buddhist and Zennist teachings ! They dis- 
coveretl, to their great delight, that all th(* philoso- 
phi(*al problems of the univeisf*, of life, of tin* mind, 
i»f knowl(‘dge, and of religious rev<‘renc(*, which had 
eiigagi'd the spceulalivc* philosjjphers of Buddhism 
for c<*n(iirir‘s, wen* ti> lx* found in the ancient classi- 
cal writings and only reipiirf'd a little r(*-inlerprela- 
tion to bring forth the* hidden im'anings of those long 
neglec'ted works of the anci(*nt sages. So they set 
thems«*lves to work at this re-interpr(*tation. 

Thes(* philosophers succeeded in working out a 
’"rational [thilosophy i>f Xeo-(.'onfiielanism” whi<*h 
had a cosmology, a tlu'ory or tlicorif*s of the nature 
and method of km^wlcdge, and :l moral and political 
philosophy. This new secular philosophy also laid 
grc*at stress on the perfection of tin? individual which 
was to be achi(?ved through e.\t(‘nsion of knowledge, 
purification of the will, and rectification r»f the mind. 
The extension of knowledge was to bo achieved by 
going t«> the things and investigating into the rea- 
sons thereof. And the rectification of the mind and 
purificalbm »)f the will de])ended upon the cultiva- 
tion of the attitude of revc*reuce. 

But, these (’onfucianists proudly ])()intcd out., the 
perfection of tin; individual was not the <?nd in it.sclf, 
as was with the medieval religions. 'J’he perfection 
<»f tiu* individual was only a step leading to the 
social ends of successfully orilering the aftairs of 
the family, the .state, and the world. .Ml intellectual 
and moral training leads to the rectification of the 
individual life from which shall radiate all his social' 
and political activities, it was this social end which 
«litlc*rentiated the secular Confucianism from the 
other-worldly religious system <if old. 


SCIENCE A 
CULTURE 


296 * 



CHINESE CULTURE BEFORE AND AFTER 
INDIANIZATION 

And nil (liis pliilosopliy wns riniiid in tin* 

old iicjrloeti'd writiiiirs of <-lassicnl ( ’(infiuMniiiMii. 
The now intcrpivtatinn soomod >n nnhiini. m» 
ron.sonabh*, and so satisfach»ry (hat it was n-aliy 
iiu-onocivablo that sm-li pm-iiuis tcacliin*^^ -Imuld 
liav(* Ikmmi allowed to lie iiiinoti(‘<Ml fm* all llin<«‘ 
cenlnri(‘s ! 

^1 lie historiral la<*t was that ail this re-interpreta- 
tion had been the re.-iilt and pnxhiet of one 
thonsaiid years of l>.i(hihisti(* philoMtphi/iiiLr and 
traininir. Kspeeially tin* four hmidred year- i»f 
Zennist Ihiddhi.^in had ^iveii th(‘ ( 'hin(‘-e mind a 
new' set of intellet'tiial habits, and a new' MHiree of 
referenee niatin'ial. It was as if tin* nak<‘d eye had 
l)een ai(b‘d l»y a new ey<‘-o:h»s> whieh <mabled him t«» 
s(M' thiniTs whieh In* had be(‘n unable to -ee before. 
And the eye'«rla>s was, imfortiinalely, eoloiired. lie 
HOW' saw' ihiiijLjs through this eye-^lass eolmired by 
eentnries of lbiddhi>t and /enni>t training. lie 
now' n:-interi>ret<‘d all he saw in that new’ liirlit. lb* 
WMs niieoiiseionsly appropriating what he had 
Iionestly disow’iied and revolted a}j:ain>l. 

The Rationalist philosopher', did make a irreal 
siieeess of (heir < 'md’neianist revival and of (la ir 
re-interpretation of tiie Confneianist philo-ophy 
W’hieli had now' b<*eome sullieieiitly inten‘>tinir to 
attract the best minds of the nation, who, from that 
time on, no lonj^er iioeked to the do<)rs of tin* 
/(Miiiist monasteries. And W’h<'n the lir.-t-rate 
mentality of the nation eeased to be reeriiited into 
Ibiddhism, that ^rreat Indian religion irradiiaily 
fadf'd into nomaitity ami died almost an niimonrmsl 
death. 

Hilt what was the real nature of tliis .-cenlar 
siil)stitnt(‘ for the Indian reli^^ioii ? Was it a n al 
repudiation of the Hiiddhi-t reli«rioii :is it elaimed 
to be ? 

Ill reality, the ( 'itnfu.-ianist revival >im*e the 
oleventli eentiiry has been only a seen fftii'.tif tot/ 
of the Indian religion. Hy seeulari/iii^ it. the 
Chinese philosophers had ai’tiially tiitirersnliwil it, 
.so that w’hat had onee rnlisl the life of tlie member's 
of the Buddhist oitler W’as now’ abh* to extend its 


rontrol over (he wlmle non-Buddhist population 
(hroii.i>:h the teaehinjrs of tin* philoso|>lu‘rs. 

Prior to the Rational philosoplna's, Indiani/at ion 
W’as more or h‘ss eonfined to tho-(‘ who actually lh‘d 
the w'orld ; but alter the sc'eiilari/.ation of Buddhist 
iileals by (In* Ration.al philo'SoplnM’s, the nd(*s of 
life 4ii an other-w’orldly relijimm were seriously 
applied t«» .-ecnlar lile. ^I’he ajTi* of Rational 
Philosophy |)res(ail(‘d to us, not the human and 
eiiminonstaisj* a(mos)>here whieh one tinds in the 
writiniTs ot ('ontiieiiis and .Meneiiis, but an austere 
and ii'v .atmosphm'e ol the ineilieval monasti'ry. 
Indiani/ation was nnivm'sali/.ed by beiniT unesms- 
eion-ly ajipropriated by the |)hi|n.-ophers and 
extended by them to ri'jLo’oiis never before serion-ly 
invaded by the Indian relijxijni. 

Let ns th*-t examine into this philo-itphy itself to 
"ee how much it ditlered Inuii the meflieval reliijfiims. 

I hi- in-w j-liihksnphy ha^ biaai formnlated as 
eon.-i-lin«r of iw.. main paths; “'r,, inerea-«f 
learniiiLi-. one mns( extend one’s know'lede;e to the 
iitiin».-t. Por moral cultivation, one mn>t re-ort to 
tl»e attitinh^d rev«‘renee.” (Lhenyf lUlill-l |07). 

I ln‘ tir-t I’oad is inte|h>etnali-t ie ; the -econd, moral 
and I’elijrions. Reverence ’ (o t I k* .ancients simply 
mean-' takin-i ihines serimisly. But to tin* Rational 
philosophers it has .-icijnired a relinions (‘omiotation. 
lo be reverent inwv iiK'ans to act in accord.ama* with 
tin* Divine Reason. Now, W’h.at i- that Divine 
R<>as«*n ? The answer is : R is the opp<isite «d’ 
llum:in Desire. And how’ can one know’ the 
Divine Reason ? The an-w’cr is; the best W’ay is 
throu.^h sittin«r in ((iiiet meditation. 

Lveii the, other path, that of extimsioii (»f know- 
h*dm*, was not free from (he r(‘li^ious impress of 
iiK-dieval China. To Chn 1 1 si (I l.'Jtt-rjOt)), extension 
of kin»w'lcd'i;e was to be achieved through pi(aa‘me:il 
investigation into the r«*a-<»ns of t hinjis -which w’as 
a strictly intelh-etiialistie and si-ientilic attitude. 
Blit, in the absence of the necessary eipiipment and 
of the experimental procedure, this was a ditlieiilt 
path, too ditlieiilt for the soft-minded majority of 
tin* philoso|)hers w’ho soon (jcavr* it up in despair and 
declared Ih.it true know'letl'Tf. must coim* from w'ithin 
one’s own mind and tin* approach must be tliroiiirh 
(piiet meditation and introspection. 
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Hilt it is ill tli<* pcciilijir (>\:il(ntinii nf Divim* 
Reason :iik] suppression of lliiiiiaii Desire that we 
see file best evitlenee (tf the tlerpeiiin*; nF tin* iiiflii- 
enee of the Indian reli^rion thronj;}i its secailari/a- 
tion. When asked wlu-tlier a avtMow of a very 
destitute family niijjht not be justified to marry ajraiii, 
(‘henjj: Yi, tlie philosopher, ealmly replied: “No, 
death by starvation is a very small niatt<‘r. Ibit 
violation of ehaslify is a vi*ry important thiiifr.'* 
This famous saying was inehided by Cliii llsi in lii^ 
Tf.'.r/ liml' for F.lniirithn y Srlwnls whieh Ix'eaim* 
the standard reading; in all (’hina for seven hundred 
years. 

Now, this prohibition of the re-marriajre i»f 
willows had never boon the praetiee of ])re-Ihifh1hist 
(^hiiia. In the first eentnry A. i). whi'ii the sister 
of the first Kmperor of the Kastern Man Dynasty 
beeame a Tvidow, the Kmperor fiHered to niak'* a new 
mat<*h for lier and asked her tf) choose her ideal 
liusband from amoii}; Ids mitdsters. »She expressed 
ht*r preference for th<^ minister Sun;: llun;;. 'Hie 
KniixTor invited the minister for a ehat and ap- 
proached the subject by sayiny;: “What <lo you think 
of the proverb that ‘wealth chan;:es friends and 
hi;:h position changes wives’ 'riie minister 
answered : “That provc*rb is not so good as the 
other one which says : ‘A friend of poverty should 
never be forgotten, and the wif<* who has shared the 
<*oarsest meals with iih» sliould never bo deserted.’ ” 
Tpon lu'aring this, the Kmiieror shouted across the 
screen which shielded his widowed sister, “Sister, 

1 am afraid my match-making has failed.” What a 
human tale this was. And how dittcrent it was from 
the austere iiuritanism of the philosopher of a 
thousand years afterwards, who cold-bloodedly laid 
down the i)rinciple that <leath by starvation w'as 
]weferable to the re-marriage of a destitute wulow. 

What had happcnc‘d during these thousand years 
to bring about such a trcMiicndous difference in the 
Chinese outlook on life ? Nothing but the gradual 
deepening and intensifying of the Indiaiii/ation of 
(Miiiiese thought, lift*, and institutions. Ihiddhism 
was fading away, but its cultural <'ontent had been 
domesticated and appropriatetl by the secular 


thinkers and had tieiietrated into (’hinese life and 
institutions far beyond the* eonfines of the moiias- 
terie.s and nunneries of Ruddhism. It is true that, 
with the dying of religious fanaticism, the perfunc- 
tory Buddhist monks no longer burned theni.selves 
on altars as saerilic(*s to Buddha. But China was 
erecting ev(»rywhere stone monuments to encourage 
young widows never to marry again, and even to 
encinirage young girls to refuse to iiiaiTy after tlie 
death of their tian(‘cs befon^ marriage. And 
strange enough, the ag(» of Rational Philosophy 
eoiiuM'ded w’ith tin* rapid development and spread of 
that most inhuman institution of foot-binding which 
caused untold suffering to the; wliole Chine.se 
womanhood for a thousand years— an institution 
whieh tlu‘ poets .sang in enthusiastic praise and 
against which the philoso])h(‘rs never rais(*d a voice 
in protect. 

We i»an only measure, the degree of Indiani/ation 
by comparing this age of aixstere inhumanity and 
righteous cnu^lty with the simple and natural 
hiirnanenr^ss of jire-Biiddhistic China. Truly, In- 
dianixation had attained its eonsummation in the 
hands of the Bational philosophers who set out to 
enidicate the Indian r(>ligion by the revival fif 
ancient (liinese thought, but who, unwittingly, 
appro))riat(>d the spirit and essence of the very 
cidtiirc they had intended to uproot. In their blind 
emphasis on the Divine Reason as the opposite of 
Human Desire, in their suppression of sex and the 
simple joys of life, in their righteous indignation 
against the re-marriage of widows, and in their lielp- 
le*is r(‘^<ort to qiiii^t nu'ditation as a moral and 
intellectual techniipn* in these and in ^iiiaiiy otIuT 
aspects, these great ])hilosoi)hers of esoteric rational- 
ism were \i.»conselously acting a.s the most effective 
agents for the final Tndianixation of (!!hina. 

Conclusion 

In conclusion, I must say a fair word for these 
Rational philosophers, '^riiey were (piite honest in 
their attempt to revive a secular thought and to 
build up a si*cular society to take the place of the 
othc*r-worldly religions of nu'dicval Chinn. They 
failed because* tln*y wen* powerless against the accii- 
mu1at(*d dead weight of over a thousand years of 
Indiniiixation. But they did usher in a new age 
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by n'viviiijj sni inioiriit. (‘iilhirul tradition of ;i 
])un*ly sfHMihir (iri};iii. Tlirir liistm it* iiii>sioii \v:is 
(‘oinpiirabh* to lii(‘ Ib'iiiiissiiiKM* in Kiiropc. \VliiI<‘ 
tliry llu*Misolv<‘s TV(Tn nnf. in llifir r<*- 

intcTprclatinii nf tho pro-Ibiddhisti** licrita *!;<*, th<*y 
had at least poiiit(*d out a way in the ri^ht dircM-tion. 
And some ol' llaan, notably (Mm Ilsi, opened up a 
really new world by (heir exhaltatioii tif the ideal 
of fToiii^r to things and investigating: iiitfi tin* reasons 
(hereof. It %vas a seientilie ideal whit'h, in (he hands 
of scholars of a later and more propitious ajje, 
actually led to the dev(?lopnu‘nt of a iieriod of 
eritieal and seitaidTu* seholarshi]) at least in the 
philological, historical, and liiiinanistie studies. 
MMiat aj^e td’ seientilie s<*holarship, too, eoineided 


with what may be ternn*d an aj;:e of revolt a^j^ainst 
the Ibitional Philosophy t>f Sun*; and ^fins Dy- 
nasties. Hetter philolo^i(*al t(*ehniiiiie and matiirer 
experic‘n<*e have enabled the st'holars of the hi.st 
throe hundred years to achieve a better iinder- 
standin«j: of onr indi}>:en« »ns and pre-lhiddhistie 
euitiire. The best philosophical thought of this 
period j^ot farther ami farther away from the 
Indiani/ed tradition. With the new aids of modern 
scieiu'e and teehindojry, and of the new social and 
historical seienc<‘s, we are conlkh*nt that we may yet 
at'hieve a rapid liberation from the two thousand 
years* eiiltnral domination by Tiidia.''^ 

* I.ocliirc ileliveu'cl at the Il.^rvanl Tcrccntenar}' 
Conference r)f Arts aiitl Sciences on Scptenihcr 11, 1936. 
Piiblislieil with the kilitl perniission of the Director of 
the Conference, 


nnicricciii Symposium on Soycibcuns 


At a symposimii on the ch<*mistry and techno' 
lo^ry of soyabeans hehl under the auspices of the 
American Chemical Society at its Sprinj^ Mectin*^, 
much interesting and usr*fnl information about the 
j^rain was In-ou^ht to li^rht. .\ccording («» Dr 
N. P. True, the first r<*cords availabh* referring' 
to soyabeans W'cre WTitten in L*N.*jS n. in (Jhiiia, 
when* it was r(*y:anh*d as the most important 
cultivated legume and “was held as one <»f the 
liv(! sacred jiiains essential to (he maintenance of 
anci(‘nt (Miim*s<* civilization.’* Soyabeans, as is 
well known, contain a liiy:h perc«*n(ajjje <if protein 
and si^niticaiit ipiantities of vitamins D and (i 
be.sidcs their valuable mineral e<mtenls. Ihey 
form the soh* source of pn»teiu to those children 
who are allergic or hypersensitive to animal pro- 
tein and are thus especially important as infant 


diet materials. 'i'h(*y are e([ua]ly important in their 
a])plieations in tin* dietary of tin* diabetit*, as their 
cheiiiieal composition makes (hem peculiarly adapted 
to this tyi)e of diet. 

Af*eording to M. M. Diirki*e, tin* production 
of soyabeans in .Vmeriea has devel«»p<*d from a 
comparatively unknown ero|> f)idy a few years ago 
t«> one «»f over 000 bushels in lOoo. The 

refined n\\ of the Ivan, when fresh, is sw<*et, has a 
low fatty acid content, and can be made almost 
water-white. A largj* volinne of it is marketed 
in A’ueriea as a salad or cooking <nl. Its use is 
somewhat limited due (•) its gradually developing 
a s«i-called reversit)n tlavour, the i»revention of 
which is a major problem t<» the industry and has 
not yet been satisfactorily solved. 
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Bengal Medicinal flora (Composita?) 

M. L. Cliakrcivurti 

Royal Botanic Hanlons, ('nlruLta. 


Name : — Kt itphi t/lhft 

Family : -( ’ninpi>sit:ii*. 

Synonym : — F.rliptu rt rt hi :iiul ju ns/rnin Linn ; 
K. cirrtfi ; L;nnk : F. eirrtu mikI nfhii Dal/ ; K. pros- 
h’fihh ; F. jontifnifOn nioloJohi and parriflnro 

mill ; yrriivsimi alhii and prostrohi liinii. 

Verncular Names : - Sans. K<'sa raja ; Hind. 
M(K*1ikan<l, l)lian;^i‘a, l>al»n ; IkMiy;.— 
Kesnriya, Kn-araya ; Oriya.— Kfsavda ; 

Santa!. I.al k<->ari; Siial. - Tik; Mar. -Maka, 
l)lirin;r:ii'aja ; Diij. — KalimaiHlii, dndhak. Idiaiijrra; 
'fain.- I\ari>lia, lannanni, lvaikr'«lii, KaivLlii-ilai ; 
T<d.- (lalajrnra, (5antakala;j:ara, mnita-trjdiji‘i*n ; 
Kan. — (larajiada-sappu, Kadiirira-jraraLHi ; Sin^. 

Kikii’indi ; And). — I\adini-<‘1-I)int. 

Description : -A s(ri;r<)M* slmdcr wned. Stnins 
erect nr pn»sli*a(<‘ and nl’tcn rnntinir at tin* imdcs. 
Ti(‘avcs M's.siln, 1-1 in. Inny: Imt vrry variabk*, linear, 
or abloiiji: lanceniote, narrowed at both ends, entire 
or serraft*, striy:»>se on both sides. Heads |-J in. in 
diameter, solitary or *J tojietlier on still' lUHMinal 
pednneles. Invol, bract, obtuse or acute, strij^oso 
outside, Liu^les white, ''preadinji:, linear, not toothed. 
Aeheues with 2 ol' the auj^h's win;;ed, tlie shhvs 
covered with warty exj-rcMMiees. I’appiis ( ). m* id’ 
a few minute teeth. 

Habitat : — 'riiroutrht India; aseendiiijL^ to dPOO ft 
in the Himalaya and other mountains. Cosmo- 
politan in warmer climates. 

Actual distribution e. i\nirt InmUlirs 
from irhvrv I hr phmt hos hern eoUrrint) 

liKNiiAl.: - Royal Botanic (iardeii, ( aleiitta and 
round ab«>ur Calcutta; Alipur Duars, .Mahakal- 
giiri ; iVjjartala <>00-S00 ft. Hill Tipperah var. 
erceta; Sibpore; Ooalnuiido, river bank; Chirla, 
Siindriban; Jknknl, Chittaj^oiijr IdU tract; Chitta- 

gOllff. 


A.S.SAM : — Khasia; tbovhaty var. prostrata; 
Najra hills, var. erceta ; .\ssani Valley, Akha hills, 
var. er<*eta ; Dihiiifi: River, .Makiun ; Kohima 1700 ft, 
iVau;a hills ; Kamakhya, var. prosirata : Sibsa^ar ; 
Loliit Valley Road ; Hatloii^ 1?00P ft, N. Chehar. 

Rr.li.M!: — Ikinks (d' tli(‘ jrarden near Sahibjranj ; 
Cliota Natrpur; Maublnuu, var. prosirata ; 
Doruuda. Cliota Xa^piir. 

OuissA : — South end of ( 'hilka Iiak(‘, var. erceta : 
CriMu: (Ianoktu Plain : — tiovi'riimc nt Cuass 
Kami, Allahabad, (ihamii’a; Rettiah ; Panda 

\. \V. P.. var. pro^tn.ta ; Moradabad S00-‘J000 ft, 
daunpiir. 

Ck.nthal India ‘.M ahanatli, var. pro>trala : 
*lnbbul))ore, var. (‘r(‘(*la ; (Iwalior, var. ereela ; 
Marwar, Rajpntana ; Mahanadi, var. prostrata. 

PF.NiNsri.AU India : Rampa (.'IwMlavaram, 
Rampa District ; Sand river b»‘d ; Ihirkuda Islands, 
Chilka Lake; Travam‘or(‘ Stati* ; .\rakkauii)atti 
SoO ft, Marliira Dt ; Keliejral, 2000 ft, Sullia, S. 
('‘anara Dt ; \V. (Sdinbatore 11500 ft, tcrowin«r in 
water; Shevaroi hilL; \ily:iri hills; Vriplieam* ; 
Musulipalam. Kislna Dt ; Madras, var. [irostrala ; 
Kastkkn Himalayas ;— Shivoki*; Pankabari. 

Xoirrii Wksi’ Hlmal.vva .--Kliybar Pass, found 
in the bed of Khyliar stream; Alimajid near 
Mussori, Hazara. 

Pi nmak: — K ero/c'tmre, var. en‘eta ; Campbellpore 
Peshwar ; Lahore. 

( 'kylon ; — Colombo. 

L.UTADiVKsr-Cardamum; Kiltan ; 

Sind : — Karachi ; Cutch, var. prosirata. 
.\f(L\mstan : -Wa/iristan. 

Burma : — Fort Stedman ; Mree Hill, .‘5000 ft, 
Maymyo ; Loi Kaw Swam UlJOO ft, Southern Shan 
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iiriiii* ill ISO irr;iiiis iiii.\<*tl with suit” ((\ T. 

Pc'lrrs M. IL /siiHlr;!, Smith A r} 2 ::iiiiMh:ni). “It is 
mikhIviic niid nhonrhcnt nml li<‘:ifl:ii'h(‘ when 

Mpplied with :i litth* nil. It is :iii r.vnllciit >iil)stitnt(‘ 
till* t:il‘:iv:i<‘iiiii (l\aii:ii L:il Dr. 1 lahadiir). 


Andamans : — Palmmial ; S. An 
daman ; Knss IslamI, S. .Vmlaiiian, 
var. prostrata; Dhamikhari, hill 
jnnjrlo, S. Andaman. 

Malay Pr.NiNsrt.A : — 'rharjnry, 
Prrak ; Tiillnh Dalian^, Pnlasc, Pr- 
iian«r; (*. T. Pmamr ; Malacca; 
•lava. 

Medicinal properties & uses ; 

It is ail old cstahlishod Hindu medi- 
<*inc, prim-ipally iisod as a tonic 
and doohstviiciit in hcptic and 
splenic ciilar'Tcincnt. and in various 
cliiDiiic skill diseases; in the latter 
case, it is also pounded and applied 
externally. The expressed juice is 
recommended in the Pliarniaeiipo<Ma 
ol’ India as the best from of admi- 
nistration. in Ikinibay the juice is 
used ill (jombination with aromatics, 
siK'h as ajowaii seeds, as a tonii* 
and deobstrneiit aiidisjjiven to ii<*w- 
born children siitlerinji from catarrh 
in combiiiatimi Avitli honey in the 
proiiortioii of 2 drops of juice to 
S drops of honey. It also l«)rms 
an inj^redient of a remedy used in 
l oncoii for tetanus (Dymock). Tin* 
fresli plant mixed Avitli sesaimiin 
oil is atipUed externally in elephan- 
tiasis. .Veeordiny: to Murray, th<* 
expressed juice <»f the root is (mii- 
ployed as an enn»tic in Sind. It is 
also piiri«:alive. The Kev. A. ("aiii))- 
bell states that in (diiittia Najipnr 
the root is applied in eonjiiiietivities 
and galled necks in cattle. 



ECLtPTA ALBA HASSK, 


States ; Kyonkniyoiin^ : Shevebo ; Minjnn; Kynn- 
kse ; Shan ; Martaban ; Monlmin, var. creeta ; 
(Jyn Villaiic ; Dliamo. 


Special opinion :—"Tho jiiico oftlir loaves is Dye : --Tliere is a popiihir ..iiiiiioii that the herb. 

Riven ill one-toa-siKsnifnl doses in iaundiee and taken internally and applied externally will turn tho 

fevers. Tho root is Riven to relieve sealdiiiR of the hairblaek (Dyiiioek). In tatooing, the natives, 
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siftor puiu'tiiriiiv!; tlir nil) ilu- jiiifv l»*:ivi*s 

(if (hi:^ plinit over tin* purl wliicli tli«* dr^Tvcd 

colour. /•/■.., :\ deep l)Ini*'li l)I:iek(liO\l)iii*‘rli). 
Dr. K:iii:d l/d Ik* wnle> : pr:ielie(* prevaiU in 

Bengal of aiiniiH heads of infant^ with ilie 
of lh(' fresli plant to ean^e apparent ltitn ish hair to 
become black. 1'his i> repeated once or twice, tin* 


hair Ix^iny: shaved. It i** also used liy the naliv(‘s 
ill seor|>ioii stin^. 

Active principle : - Alkaloid eei liptine. 

Reference: — Plmr. Ind. Vol. Ill 2liS; 

lioxb, F/ lull. (‘d. i \ B. (\, tit);'); Thwatis, fcylim 
/V., Hil; Dili/, and Dibs, Ilnttf. FI. l*J7; Stewart, 
rh. IJli; 

Pheede. Iliui. .)////. X., II ; Dymork, .)/(//. .Mcil. 
///(/., If nd. Kd., loO. .Viteheson, I'nl. Fh.imil Si nil PL. To. 


Professor Paul Debye 

D. M. Hose 

I*»lit ProfesHor of rhys>ic8 ('al<Mit(A irnivprsity 

M. M. Scilm 

Profenfior of Phy.«ic'!. Allahabad Universitv. 

PuoF. Paid D<‘bye to whom the Nobel Pri/i* ha^i 
bo(‘ii awarded this y<*ar in chemistry is a Diiteh- 
innn by birth, but is a (lerman by adoption. He 
was a student of (Mijiineerimj: about tlie year lt)lt) 
at Munieh, but he ehaiuM'd to come into eontac't with 
Sommerfeld, under whose ma,i£n(‘tie iidluenct* he 
bojran to .study physics, lie has been Mieeessively 
profe.ssor at (J/ittiiifren, /iirieh, and Leipzijr. and is 
now Dm‘etor of tin* Kais(*r Wilhelm Instituti* in 
I^hysie.s, B(>rlin, Dahlem. 

Thouirh awarded the Nobel Prize in <’hemistry. 
Prof. Debye’s emit ributions have been imv-^tly in 
physics. Like the late Lord Bayleiiih he combines 
a clear physical insi;rht with trreat powers of mathe- 
matical analysis, with whii-h he has sue(*(*(‘ded in 
clearin<r up many j)bs«*ure problems rey:ardiiijr the 
structure of matter, and intcrai tious ])etwi*en nuitter 
and eiien^y. Many people have deplored the fact 
that Debye lias not taken a iiion* active interest in 
the modern prob](>ms of (|uantiini |)liysi<*s. (''lassi- 
oal pliysics and chemical physics have been the 
gainer by this. We give below a short ae(‘oiint of 

Debye^s investigations. 


D(*by(‘ was once deseribrMi by Prof. Laiigevin a^ 
Physivivu ('nntpIFl for In* has work(‘d not only 
on tln*orelieal pliysics, but In* is also the inventor 
of very line methods of exp(‘rimental inv('stigatioiis. 

Debye’s Theory of Specific Heat 

III IblO, it had heen known, through the re- 
searehes of \(*rnst and his pupils, that the sp(»eiti<* 
heats of most solids t(*nd to lieeome z(*ro as the 
absoliiti* z(*ro of t(*mp(‘ratiire is approaeln'd. Kiiistein 
gave an (*\planatinn of this variation of spceilic heat 
with li‘mperatur(* by supposing that the atoms in 
an i*lastie solid perform oscillations of frc(nn*ncy 
i\ thcrchy aKsorbiiig and emitting (|uantum of cin‘rgy 
/yr. Tin* forimila deriv(*d gav(* only a qualitative 
account of the observed phenomenon. Tn lJ)l.‘k D(*l)ye 
introdnc(*d the assumption that the h(*at energy of 
a solid exi.sts in the form of stationary acoustic 
waves of different frequencies each having its appro- 
priate ({uantiim of energy. By this means he gave 
a niiieli better (|iiaiitit:itive interpretation of tin* 
pli(*nomo.iioii. It has lieeii found in recent years, as 
the absolute zero has been roaeh(‘d, more disercpaii- 


SCIENCE & 
CUL'i VRK 


302 



PROFESSOR PAUL DEBYE 


i:u.'s ocnir :iii(l |li<* pliciKuiicimii rcjinin*^ m nmri' 

<‘oiiiprcIiciiKivc r‘.\pl:iii:itinii. I llirni-v nl' -pi*i*i- 
fic «)f snlids li:i(l .ihniif ‘J.‘J yi jirs «»!' life Imt 

prn])al)ly iiiaiiy more y«*;irs tn nm. 'riii> iMuucptitin 
«>f lu*:it <‘iM*rjLry a soliil nr litpiid l»ndy in 

tli«' i'orni ni' an -pj'clnnn lui" Ihm'm rniilfnl 

in many din^ctions. r>rillnnin lia-^ i( fn (‘xplain 

tho scattcrinjLr of in (lan^parcnl snliil. 'riu* 

idoa has l)cc*n used tn explain llie liiw ^Inn'tnre nl' 
l?ayh*ii*;li lines scattered hy lii|iiid>. I''nlln\vinir up 
this i<lea in Deliye and S<*ars and aUn laiea*^ 

ainl Ih'ijiiard \ver<* al>le lo >hM\v that nllra^eiiie wave-i 
in a liquid nu'diinn \ven* aide to pnidnee a ditIVaetion 
ellV'et cm liirhl 'wave*, similar In I hat hy three dimen- 
sional ‘•ratinir. 

Electric Moment of Molecules 

Dehye was (lie lir<t tn jrive a ^at i-lacTnry explain- 
tii»n of I he t(‘nip(‘ralnrr* varialinn «»l‘ di-i*leelrie 
constants of a eerlain class nf >iih«.|amM‘^ kimwii a** 
polar. Sny:i:es(<Ml Iw Laiiireviirs a'‘^nMi|)linn t»f 
p('nnam*nt majinetie na)ment in the nmh'cnlns of 
parama^m^tie snhslaiiees intmdiieed In ex|)lain the 
temperature varialinn nf parania^nelie >ii.M*ep|ihilily, 
he assumed that in this <‘Iass nf pniai' siihslanee l!ie 
imdeeules possess ii(‘rman(‘nl dipoK* mniiienl.-. Willi 
tin* help of this asstinqUinn he was ahU* tn aecMtniit 
for tlie observed temperatniv varialinn ami :d>n tn 
determine the di|)ole moments of sneh iiadecMiles. 
'riiis work has been of irr(‘at importaiiee in helping 
to determine the structure nf a larire irrniip nf nrjranie 
mol(*enles, Intrndiieintr Inrther the i(h*a <*l a 
mohnailar held he has been abh‘ l<» <*xplain the 
d(*viation of tlie observed dipole mnments of IIicm* 
inoleenles in the liquid state li’nni tlm^e in the vapniir 
state. This line id’ work has been nf importaiiee 
in interpret i 11*1 tin* phennnien;i nl as-NMei.alinn nl 
molecules in the licpiid date. 

Marching towards the Absolute zero 

Tn 1 I )(‘bye wroti* a masterly report on the 
electric ami majrnctii' prnpeilies nl mailer in the 
HantUmvh tier l\tulinln{iu\ in eniir>e nl which he 
subieoted Ijanjicvin’s lh<*nry «»l the nrientatinn nl 


parama;rm‘tic moleeiiles in a mairnetie Held and 
ei.N^V theory nf innleeiilar lii'M tn a I'ritieal ana- 
lysis. lie later on fnllnwed lip this work and 
shnwiul in l!r.?U tlial Lanii;«*viii'> fnnmil:i for the 
mairnelii* '•ns<>e|itibiiit y I'aniint be eurreet as this 
leads tn an inliiiite valm* for the (aitrn|iy at absolute* 
/i‘rn in violation of Nnn-rs Heat 'riienri'in. In 
eniir'-e Ilf this ;irliele la* dndneiMl :iii expri-ssit m for 
the adiabalit* Inweriiiii; of leinper:iliire of a paraniair- 
netie body due In demaLrnet i/.alinn and he siintrested 
Imw the ellbet e(nild be iitili/.nd fur fiirtlaa* re«lncin'X 
the l(‘mp(M'atnre i>f bodies below the liquid helimn 
temperature. The id(‘a w.is ind«'|)endenlly arrived 
at by (liaeiine and lati*r lv(‘e>nni. and others have 
iitili/ed tin* principle in lln‘ir atlempis In ;ip])roaeli 
the ab'^nhlte /ern of I emp(‘r:itiire. 

X-Ra\- and Electron Diffraction 

.\nnther i»r«>bh*m which has alwa>s interested 
Debye was the e\[)|nralinn nfalninieandmoh*(*ii- 
lar "I met lire by means of lijilit :ind .\ -ray. Ib*snlts 
<ledii<‘e<| Ihenrelieally by him were used by his <*0- 
wnrkeis to determine experimenlali> tlie structures 
of a class of mnleeiiles in the vapour state and of 
ira.’*e>^ by means of X-ray and eleelrmi ditiraction 
p.'ilteriis. lie also niadi* an important contribn- 
linii to the theory «»f X-ray si'ath'i’in^ by (‘rystallim* 
p«»wders and later <h*vised the well-known Debye- 
S«*herrer method of d(‘termininu:slrnetiir(*s of cry.stals. 
Ill coiitiniiation of this line of work Debye in 
ahno.st simultaiieniisly with ( 'i>mpton t^ave the 
^•orre<•t iiiler|)retation of tin* nbsm’vi'd .softeninji of 
X-rays seattered by lii^hl atoms, for which 
('omptmi was awarded th(‘ Xhihel l*ri/(*. 

The Electrolytic Theory of Debye and Hueckel 

.\bont P.fJt), a jrre.it di'al of attention was aroused 
by a theory of eleetrolytie (lissoei.at inn proposed by 
Prid*. d. (’. (ilinsli of Dacca, in wliich the assumption 
w,.s made that in .-^tmiiy: electrolytes tlie dissnlv(‘d 
salt and ^Imiiir acids werr* ennqilet(*ly dissn<*iated ns 
(qipn.'^ed In Arlieimiiis’s idea of dissociation ineren.s- 
injx firo^rressively with dilution. Debye and lliiekel 
took lip the prnhiem ;iii<l with jireat deal of inathe- 
nititieal skill and physical aeiim(‘ii worked out the 
resiilt.s ill a more quantitative form. This theory has 
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.‘iblf h) rr*prcM'Mt iv(‘ly :i iiiiiiiImt 

of slmiijn: in flu* M:ito nl’ 

(liliitioii. l>(it the proprrlics of nior<‘ (‘on(‘(Mitr:i<- 
ed soliilifMis still jiwjiit satisfactory iiit(M'pn‘tatioii. 

Producing White Dwarf 

Olio of tli(* writers Jif tliis note liad the ]il(‘asiirc 
of incctiiiir Debye several times in liis Kiiropeaii 
travels, lie im^t liiiii ivcenfly in file Harvard 
Tercent<‘nary where Ik* was awarded an lioiK»rary 
dojjroe. In course of a eoiiversatinii he told 
one of ns that he was engaged in making a bit of a 
white dwarf. Probably the reader knows that 
astiDiioiners have* diseoven**! a system <d' bodies in 
the lioavens whi<-h are known as white dwarfs, in 
which the density of matter may Im* ti0,t)t)0 times, 
nay, even a iniHion times, tliat of platinum which 
is the heaviest metal known on tin* earth. How 
does this thing tak(* jilaee ? Matter must la* exist- 
ing inside these stars in a form which is not known 
to us on tlie earth. It is well known that tin* atom 
which we know on tin* earth consists of tin* inii'leiis 
with a positive charge siiiToniid(?d by a shf*II of 
electrons. On siibj<*cting matter to <*oiiipression, 
the diiniiiutioii <if volinne which takes place is 
opposcid by the nnitual repulsion of the electron shells 
and atomic nnchd. Further increas<» of pressure 
will then lead to the successive stripping of the elec- 
tron shells, till in the limit we have nothing but the 
stripped nuclei occupying an <‘xtremely small volume 
with free elcctnins lurking between tlnan in an un- 
known form. This pressure i(»ni/ation is supposed 


ti» exist in while dwarfs. This kind of effect is 
reiahTcd probable by the existence of n<>ntrons, the 
i:ew ehanentary ])article discovered by (.'hadwick in 
I'.t.TJ. 'riiis iK'iitron is of extremely small <limensioii 
and it has been fonml to be a constitnent of all 
imcl(*i. Knrthcr the nentriins and protons appear 
to havi* strong attraction for (‘ach other when very 
close. In white dwarfs, therefore, most t)f the 
matter probably consists i»f agglomeration of neu- 
trons and |U'«)toMs. Dcbyi* proposr>s to produce this 
state by a novel cxpcrim(*nt. He will make a 
cyelotron, an apparatus which has Ix-en inv(‘iited by 
Lawrema* of ( *alifornia and is found to give ns n 
very cojiions supply of neutrons. These neutrons 
will be shot into a path which is maintained at 
absolute zero fd' temp(*ratnrc. Debye thinks that 
neutrons will then cling to each other and will form 
a st»rt of a compact mass which, volinnc* for volume, 
will be million times heavier than ordinary matter 
and will thus lx* a pi(‘ce of white-dwarf matter. The 
ex|>criment is on too ambitions and bold a scale, 
but it <‘an be expect (‘d that Debye will utilize all 
ingenuity of mod(*rn physics to carry it out. 
Recently it has been found that tin* neutron is 
imstabh* wh(*n left to itself. IVobably it spontaneous- 
ly gives out an (*lectn>n and is converted into a 
proton. If this is true, it may not be possible to 
eom]n*ess neutrons int<i wlnt(?-dwarf matter. Let ns 
wait and sec. 

A versatile genius, eifually skilled in theory and' 
experiment, and master of a number of Knropean 
languages, Debye has shown that there still remains 
much to be done in t'lassical physics. 
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Kkiitkk’s :iiiiioiiiU‘(‘s tli<‘ siwanl tills year 

of Nobel Prizes in Pliysies to Dr Vii^tor Hess of 
Austria and Dr ('arl Anderson of the Norniaii 
llri<l^(» [iaboratory, Pasadena. TIui awanls liav<» 
undoubtedly been made on tin; reeoKiiiiion of the 
pioneer work made by Hess twenty years a^o on a 
phenomenon whieh lias now ae<piired wide eeh‘brity 
as fhsiHtc Kftys. 'Fhe award to Dr Aiidet*son is 
in r(H‘ojj:iiition of his dise<ivery of the positron (/. e. 
the positive unit of eleetrieity) whieh was a by- 
produet of tile work of tin* Millikan sehool on 
eosniie rays 

Victor Hess, Discoverer of Cosmic Rays 

Like many other diseovi'ries, the diseovery 

of eosmie rays is based on the observation of 
(‘ertain obs<Mir<‘ pheiioniena. fn l!H)‘t, Lister and 
(i<>itel in (M>rmany, and T. ft. \\’ilsoii in Kiijrland 
showed that horinal air, thoiijrh usually re^rardeil a 
a non-eondiietor of eleetri(Mty, shows a small amount 
of eondiietivity, or as we say now, <//V /s* sh'ffhfft/ 
inni \cil. 

It was shown by Itiitherford ami Cooke in 
Montreal, and MeLeiiiiaii and Ikirtou in Toronto 
that even when air is eontined in a elosed spaee so 
as to shielil it from all possibh* soun’es of ionization 
it shows a certain amount of I'ondiietivity. The 
causes of this residual ionization eould not be under- 
stiiod for a very loiijirtime; for a time it was supposed 
that this residual eondition of eleetrieity in elosed 
air w’as ))robably <lne to the possibility that there 
w:is in the eontainin^ vi^ssel some radio-aetive 
impurities whieh emitted rays eausin^ ionization 
f)f (‘uelosed air. Then experiments were nia<le by 
enelosing air within vessels whieh eont.ainf‘d no 
radio-active impurity, but it w^•ls found thjit even 
then, the same residual ionization persisted. It was 
then siit)posed that it was due to hiy:hly iieiietratiiijs 
radiations (like the "/-rays fmm some radioa«‘tive 


matter) from air or from tin* ground and that these 
nidiations passi^l rijjht throuji:h the vessc*l. In IJlOb, 
Wiilf from eertain experiimMits discovered that the 
residual ionization of (‘loscrd air ean be detected 
even on the top of towers. .Vfter AViilf, Ooekel 
undertook eertain nimiber of pilot balloon observa- 
tions, in whieh he shorved that the residual ioniza- 
tion of elosed V(»ss(‘l inereasos with height, so that 
they cannot be due to soim? rmlio-aetive rays eoniin^ 
from the air or from the ground. To elucidate the 
niattcT further, Hess undertook a eertain number of 
balloon (‘xpeditions in l!Ml’ and 1913, whieh showe<l 
that the intensity of these rays f^ocs on inereasiiijij: 
as we ascend higher up in the atmosphere. .\t 
1 kins the inti^nsity becomes tenfold. 

Toaeeoiint for tht\s(> phenoimMia, H(‘ss propounded 
the liypoth(‘sis which appeared very bold at the 
time, that this residual ionization of air in ehised 
vess<*ls was due to eertain kind of unknown and 
mysterious rays from spai*e. He called them IJlfum- 
SIrnhfpu or ultra-rays. This intf^rpretalioii of these 
mysterious i:iys eaiisinu: n^sidiial ionization of elosed 
air has remained true up to the present time and 
have led to an iimm'iise number of experimental 
work ill the laboratory, and observations in balloons, 
stratosphen* ;^ondola and over all jiarts i>f the world, 
but the name ultra rays has ^iven way to the more 
eatehin^ name eosmie rays invented by Millikan 
in 1920. 

But after the war Kolhorster in tj(;rmany and 
Millikan in .\im*riea undertook these expcTimeiits 
over ai^ain. Millikan at tirst thought that the Hess 
eiVet't W'as spurious, but further improvements in his 
apparatus eonvine(‘d him in l 92 o that the rays are 
real and Ik* forthw^ith christened these? rays as 
eosmie rays i. e. rays eomiii}; from the j^rcat Cosmos. 
It is not true, as ill-inforiiied new"spa]H*rs in certain 
quart Cl'S hold that he w’as tin* dis<*overer of tliese 
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rays. The iiwaixl of this year’s Xoh<*l Prize settles 
the eoiitroversy oiiee for all, and ^iv<*s the credit for 
the jjreat disco v<*ry to Victor He-ss, who took th<* 
first st<‘|) to the (‘hicidatioii «»F the iiiy.stery in a 
holdly phiiin(‘d balloon flight nearly (|iiartcr of a 
century aj*:<». 

The cosmic rays have received .s<» niiK'h attention 
ill tlie papers that almost all the iicw.s])aper readers 
are familiar with them. 'Hierc is still a certain 
ariiount of imcertainty as to the nature of the c(»sinic 
ray.s. Millikan had propo.sed the theory that they 
I'onsistcd of hi};h ener*;}’ photons. 'Flic experiments 
of Hothe and (.Jeijjer showed that at sea levi'l a part 
at least of the pcnetraMiitj: rays must be of corpus- 
cular nature. The further di.seovery tliat the inteu- 
sity of the cosmic* r:iys v;iry Avith (he ^eoma^n<‘tic 
latitude*, first observ(*d by t^lay and later verifhsl by 
('omptoii, Millikan and othca's. has led to the* vi<*Av 
that the cosmic rays as they cntc‘r the earth’s atiiaw- 
phere must (*ontain a laii^rc* fraction of c-liarfred 
particle.s, protons, elc'ctroiis etc. 'Fhat tln'.se c'hary:- 
ed particle's are predominantly positive is shown 
by the existence* of the* <‘ast-west .symm«‘try. 
.\ndersou first showed the existence of p<»sitroiis 
ani«>n^st the latter, Avhih* presence nf protons and o- 
liarticlcs has been made probable* by cleiiid eiiaiiibe‘r 
eibservations at hi^h altitudes and by stiatesphe*!*!* 
eibs(*rvatie)iis. («eia:er and Kiiiifer have* lrie*d to 
)j:ive a sy.stciiiatic :icceaint <»f the* co.siiiic ray phr*iio- 
iiieiia iiicludiiiy: .sevoudary ellee'ts oii the assumption 
tliat the primary cosmic r;iy.s consist of 10*411 enerjiry 
chai*j4ed parti<*les whic*h ;in* converted successively 
inti> pindon.s, cie*ctron pairs <*|c. '^Fhe the<»ry e*:mnot 
satisfacte>rily account for the pn*sem*e* of the se»- 
called ‘show<*rs’ anel ‘bui*sts.’ Hecently l lcisenbci'^ 
has e'xteiided K<*rmi*s theory «)f n - ray disintejrr.itioii 
to nive a cjiialitativc* pic'.ture of shower format ion. 
Future iuvc>sti} 4 atioiis will have* to develop ciiiantita- 
tively llciseuboi’ej’s theory and test it c*xpcriiii<mtally. 


Carl Anderson, Discoverer of the Positron 

J)r C]!:ir] Anderson, the sc*eond recipient of the 
Nobel Prize, is a yoiin^ pupil of Millikan. In 1931, 
wlmn trying; to photot^rapli the ccxsiiiic itiys in a 
magnetic*. Held aeeorcling to the mcithod of C. T. ll. 
Wilson, and first used for this purpose, by Skobelz}’!!, 
a Itiissiaii worker, he; made* the discovery of the 
positive elec'troii. 'Flu* discovery was long overdue, 
as a matter of fac*t the writer of this iiotc^ was told 
ill Kurope that the' diseovery was first made by 
Madame*. Irene* (.-iirie* and he‘r husband M. Joliot in 
I’aris soiiu'timo before Aud(*rsou and alsei by 
IIIae*ki‘tt in Cambridge, but tlit‘y laid .some; hesitation 
ill publishing th(*ir ivsiilts as most pc*ople; thought 
tliat there* c‘Ould l>e no positive* e*le*etrons ; for it 
was supposed tiiat eh‘e‘trous have, a negative* eharge*. 
.\s a matte*!* of fact, a great ph3’sicist to whom the 
re‘.'iiiltN of (^irie^-Joliot weu'i* eommiiiiie'ateKl said that 
the* ob.M‘rva(iou mii<t be e*i(he*r spurious, or must 
have* l)e(‘u dm* to ehrtvous e*iite‘nug llie Wilson 
C3iaml>e*r from the wrong elir<‘ef ion. Put Dirac had 
preelicfe'd fin* e*xisli*n<*<* «d‘ ‘pe»sifu»ns’ from his 'hole* 
(li(*ory’ ill 1939, and a knowle*eige of this f*mboIde*iic*d 
Aiide>rsoii to make* his diseove*ry known to the* piiblie. 
.Vndersou further verilied the* existene*e* of ])ositroiis 
by performing two su|)pl(*im*ntary expe*rimeiits. He 
inte*rpose*d a thin le*ad she(*t in the* eloud (*hambe‘r 
in the* path of the* eharge'd partie'le.s, and foimel that 
the* curvature* eif the trae*k iue*rcase*s em passing 
thremgh llie^ .she*e*t. 'Flu’s .‘^heiws that tlic sign of the 
e-hai*ge.i must be posbivc, se*eondly fiN»iii i\\v. melius 
<»f curvature* and the* ele*usity eif ieuii/atioii along 
the*ir tracks he iufe*rre*d that its mass was nearer 
te) that e»f the (>le*el rein rather than that of the* pro- 
ton. Prediably the e)the*r i>b.servc»rs of this ctfeet 
did not think e>f making th(‘.se erneial te>ftts. The 
positron has since* bc'e*ii nbtaiiie*d from artifieiiilly 
mdieiaetive* bodie*s and fmni the* fission of "/-ray 
t|uanta and their existoneo is no longer doubte»d. 

M. X. S, 
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“fS Flew Ancestral Link between I\\-)c and Man" 

R. S. Guha 

Anthropoloviat. Zoolojriral Stirwy iif India, ralcuttn. 


\ flist'overy of iiniisiiiil jiii|)r)i*t:iii(‘r> mi tho (jiins- 
rioii of liiimiiii pcMli^roo lias just liomi annouiuMul liy 
liobort |{rooin, V\ \\. S. of tlio 'rransvaal Miimmuii 
ill tli(» liitost. issiios of till* Ilhts/rntftt \rtrs 

himI (Sept. 19, IfKiti). Ill the eoiir.se of the 

lilastiiifi: of tJie lime-stoiie <*!ive-< at Sferlxfonfein iii*ar 



Attempteil restoration of Aiislnilo])iiricrus trnnsvnah-tisis 
by Broom, (half si/e), (fniia lliuRtraU'd 
I MV don Ne wn), 

KmgtTsdorti, ill ^rpansvaal (lat. 2(1.0 S and loiijr. 
27.40 Mr. (1. W. Harlow, Maiiajrer of the liiiiie 
Works, rccoiitly di.sc‘ovored the fossil reniaiiis i»f an 
adult anthropoid at)o beloii^in^ to the .^aine ^eniis 
as the Taunts ap»* or A/tsfrnlnpitha'ns nfrirantis, 
but probably of a different speeies. 1"h(* vault of 
the craiiiuiii has uiifortu nattily been destroyed by 


the blast, but (he jrreater part of tin* (w<» parietal 
and the oeeipital bones, the anterior (wo thirds of 
tile brain-i'ast reslinjr on tlie .skull base, tin* rij^ht 
maxilla alonj; with tlic^ si‘eoiid preiiiolar and the first, 
.seemid anil the third molars were found in a perfeet 
state of pri'servatimi. As yet the bones have not 
been freed from tlw bard matrix, Imt the preliminary 
examinations show tliat tlie jrn‘ate.s( antero-])ostei*ior 
and the transver.se diameters of the .<«knll were about 
I f.‘» inm. and 9(> mm. respeefivoly with an appi*o.vi- 
mate eranial eapaeity of (itlO e. e. ''riii* brow ridties 
:ire moderately deveh>ped with larj^e frontal sinuses 
(.SIM* fijr. 1 ). "I'he soeki’t of (he <*aiiine wliieli is pre- 
served, shows (hat (In* latter eonid not have been 
lar^e. Till* si/.e and (he pattern of (he first niolar 
with four well developed en.sps and a well developeil 
posterior fovea are lypieal of Dryopifherus rhenn^ 
Hits, thon^rh not quite unlike the first molar of 
the Neanderthal .Man, but the seeond and third 
molars are miieli too lar^fe (ll.o mm. x Ifi 
mm. and l;k7 mm. x lo.o inin. respeetively) 
for man or any of the living; iqies exeept 
the (lorilla. W'hile AiistniUtpUherits nfn'rnuHs 
belonged to a Lower or Middle Phasbieene 
de|M)sil, Ansirafuptfitertts intnsraaieHsis, as the 
Sterkfontein ape is provisionally named by Dr. 
Hroom, was apparently of the I'pper l^leistooeiu*. 
It is of emirse too early to understand the full bosii^ 
inu: of this diseovery on lliiniaii Kvolntion but the 
larjje size of the hrain and the fomi and pattern of 
the teeth, would appear (<» iiidieate that the Sterk- 
foiitein at>e having disliii(‘t relationships with the 
Plioeene speeies of Dnjnpiihcnts was very near to 
the line from whieh Man had evolved. 
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Allahabad University Annual Report 

According to the aiuiual report of tlic Allahabad 
University, there was a slight dierease during 1955- 
:i6 ill the number of admissions in the Faculty of 
Arts and the Law Department. The numln'r of 
scholars at the end of tlie year was 1, 9**10 as against 
2,096 for the preceding year. I'lic percentage of 
post-graduate students to the total number on the 
rolls, excluding law students, was 21. llesearcli 
scholars and students increased from 28 to *31. The 
scheme of teaching a two years' course in military 
science to stiulent- members of the U.T.C. having licen 
sanctioned, arrangements had been made for holding 
the examination. The theoretical examination will lie 
held in January 19*37. The M.A. examination in 
Keonomics, hitherto governed b}’ the ordinances un- 
der the Faculty of Arts, liad been transferred to or- 
dinances under the Faculty of Commerce. The Gene- 
ral English papers for the B.Com. examination from 
1938 would be the same as those for the B.A. examina- 
tion. The ordinances regarding the aebnission of 
students to University examinations had been slightly 
amended w'iih a view to allowing a period of grace 
not exceeding ten days in the case of students short 
of the college or hostel attendance. The title B.A. 
Ill year had iM^en changed to M..^. The ordinances for 
the degree of D. Sc. and D.IJtt. had been thoroughly 
revised, and a lower research D.Phil. degree had 
been instituted under the Faculties of Arts and 
Science. A diploma examination in music had been 
instituted, and the first batch of candidates would 
appear in April 1937. The classes had been tho- 
roughly rt'organized and the Leaching staff strength- 
ened by the appointment of new teachers. 

Discoveries in Numismatics 

In the course of his presidential address to the 
Numismatic Society of India held this year at 
Udai])ur, Dr K. P. Jayaswal, referring to two coins 
found at Madhuri in the Shahabad district, opined 
that they may b«dong to some pre-Mauryan dynasty. 
The discovery of Kiishan coins in North Bihar 
throws light on the extent of the Kushan empire. 


The important discovery of coin moulds at Rohtak 
by Professor B. Salmi of Lucknow reveals the techni- 
que of casting coins. Eight coin mounds are arranged 
on a disc round a central hoh*. The reviTsc and 
obverse discs were laid in piles of several pfeces and 
metal was |Hiiired into the central hole, reaching the 
sockets through eiglit small ehaiiiuds radiating from 
the central hole. The eoins produced- read Yandhena 
Hahudhtinifaka. Coins and inscrijitioiis, read along 
with the MahahUaratn, c..stahlish that the whole of 
northern Rajputana, the eastern Pan jab and the land 
up to the borders of Kurukshetra were under the 
united states of the Yandheya republic in the early 
eenturies of Christian era. It is suggested that the. 
Yaiidheyas have survived as the predominant element 
(»f the population of Rajputana. 

At the site of the ancient j^ravasti have been dis- 
covered coins dating from the pre-i§iinga times, some 
of which have the place-name Savati, proving that 
the place was a mint*ow'ning provincial centre in the 
pre-Christian centuries. 

Sir Jagadis Chandra Bose 

On the occasion of his seventy-eightli birthday 
which took place on the 30th November last, wc offer 
our warm felicitations to Sir .Tagadis ('handra Bose, 
F.R.S., director and founder of the Bose Rc.search In- 
stitute of Calcutta. The scientific . researches of 
Sir .Jagadis, both in the field of physics and plant 
physiology, and generally on problems of life, spread- 
ing over a period of more than forty years, excited 
great interest and admiration in the Western coun- 
tries, and, as a recognition of his pioneer work, hc^ 
has been the recipient of various honours from tlic 
whole ivorld. His indcfatiguable energy and an in- 
extinguishable thirst for knowledge have marked him 
out as an eminent .sc‘ientist of the world, and surely one 
of the few oldest original w'orkers of India. 

Professor S. S. Bhatnagar and Oil Research 

Public is already aware that for some time past 
Professor Bhatnagar of the Punjab University has 
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lieen carrying on valuable investigations on oil on a 
grant from Messrs Steel Krotliers of Jxiiidon. Messrs 
Steel Kros. have been so satisfied with the work al- 
ready done tlial they have recently announeed tludr 
intention of extending their grant to ten years, so as 
to enable Prof. Hhatnagar t4> go on with ins oil re- 
sean'li scheme. This extension praetitrally means 
m<»re than doubling the original donation. I'he Com- 
]>any hopt'S that the research will yield results valuable 
not only to oil technology but to pure scieiiee as well. 
We understand that the oiler lias already Imh'Ii 
aeet'pted. 

Economic Development in the United Provinces 

The Uiiite<l Provinces Kconoiiiie Planning C-oiii 
iiiittec, consisting of Khan Bahadur Obaidur itahmaii 
(ehairinaii) and Dr lladhakanial .Miikht'rjcc, Prof. 
S. K. Uiidra, Prof. Cjurmukhnihal Singh, and Lala 
Hariraj Swamp (members) has drawn up liii- 
aiicial recoin mcndatioiis for one year in the first 
instance. 

The committee suggests that the programme of 
ceonomi<* planning should be dual; intensive planning 
in a number of cireh's of 15 villages each in every 
district: and demonstration work of a broadcast kind 
in every village. For this purpose it recommends the 
establishment of a provincial board of ct onomie in- 
<piiry and planning and district development boards, 
village panchayats an<l co-operative socit'ties, the ap- 
pointment of a rural development commissioner and 
three assistant commissioners for insp(>ctioii and super- 
vision work, as also of iiiS])ectors and village organi- 
zers in every district. In areas where the majority 
of the holdings are undersized the first task of agri 
cultural planning should be consolidation. If 85 per 
cent of the landlords and tenants apply for consolida- 
tion the village should be consoiiilatcd. Amimdincnts 
to the 'I'enancy and I^and Revenue Acts are suggested 
for this object. Oonsolidation of cropping should also 
lie encouraged, .fiidicious crop-planning propaganda 
in the cane areas and fixing of definite quotas of sugar 
cane areas in each provin«*c arc suggested. Legislation 
on the lines of the Bombay Act should be pass<*d for 
the castration of all unfit and useless animals. In 
forest divisions tracts should be laid aside for cattle 
breeding and improvement. Co-operative Societies 
and milk depots .should lie established in suitable cen- 


tres and cold storage vans should be provided on fast 
trains to promote dairy industry. 

Facilities for technical guidance and research and 
grant of concessions such as cheap supply of raw 
materials under Government control, (‘anal water, etc., 
should b(‘ ofi'ered for certain pioneer industries. The 
manufacture of paper, slu'ct glass, paints and var- 
nishes, shellac, cement and power alcohol can be 
developed in various parts of the province w'ith the 
help of Government assistance. .\ii industrial survey 
of tile province is ret'omim'iidcd. 'I’lie coimniltce also 
suggests that the Provincial Board of (Communications 
should bi‘ reconstituted into a Board of Coinmiiiiica- 
tions and 'Marketing. A Highway .Vet for tiu* ])ro 
vinee and greater (‘o-operatioii helwci'ii the Irrigation 
Department and the district boards arc. desirable. 
For 4‘neoiiraging motor transport grant of monopolies 
by public auction for limited periods is reeommeiuied. 
(*onstrii(‘tioii of light railways or tramways for the 
transport of cane bricks and forest produce in suitable 
areas should Im‘ included in the programme. A small 
tax on tobacco i.s siiggest«‘d for rural rccoiistriietion if 
the funds from other soiirt'i'S an* not adequate. 

'I’hc rei'ommendatioiis of the (‘ommittee are well 
thought out and, wc havt* no doubt that they will go 
a long way to iinprovi* llu* present sad conditions 
of the village life in the I'nited Provinces, if they 
are effectively carried out. 'I'hese provinces are to 
1 h* congratulated on ttieir pionetT efforts and we hope 
that other proviiu'cs will also follow suit soon and 
draw up plans on similar lines for tin* amelioratioii 
of their rural (‘onditions. 'I'lie rt'commendations of 
the IL P. Cominiltec are more or less wide in their 
S('0|>c and can be applied with advantage to all ]iarts 
of rural India. 

Medical Facilities in Rural Areas 

In order to encoiiragtr qiialific'd medical practice 
in rural areas and provide better medical facilities, 
the United Provinces (biveriimcnl have wisely decided 
to increase the subsidies payable to medical jiracti- 
tionors under the scheme introduci'd in 1.026. A 
medical graduate, engagi'd under tlur selu'ine, will now 
receive a subsidy of Rs 1000/- per annum in.sfcnd 
of Rs 000/- as at pn*sent, and a medical liivntiate 
Rs 600/- a year instead of Rs lOO/- as at present. 
These subsidies, will In*, exclusive of the amounts paid 
for the mainteiianec of qualified midwives tir iiiir.st's 
and of the district boards’ eoiitribution of medicines 
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lo the value of Rs :U)0 per aMiiiim to each doctor. 
'I'liia decision of tlur (foverniiieiit has been eoinmiiiii 
cated to the district iNiards in Mie U. P., who have 
invited applieatioiis fn»iii eli^ihh* candidates. The 
work of practitioners receiving subsidies will Iw more 
thoroughly inspected in future, and the value of re- 
sults achieved will he tiled. 'I'lie (hivcrnment. with 
this end in view, has directed every C'ivil Surgeon to 
inspect annually the work of all siihsidixcd prat'tition- 
ers in his district, the results of which will he incor- 
porated in the annual report of the Iiis])cctor-(rcm‘ral 
of (*ivil Hospitals. 

New Exhibits at the Science Museum 

.Among th«‘ recent adilitions to tlie Science Mtist'Uin, 
South Kensington, .London, are an original tube of 
the metal rhodium prepared by its discoverer Dr 
William Hyde Wollaston, about 1825; and llie Oxford 
Heliometcr of 181>S. Rhodium is now attracting a 
great deal of interest as a non*tarnishing substitute 
for silver in electroplating. Oxford lI«‘lionit‘tcr w'as 
made for the Radcliffc Observatory, Oxfortl, by 
Afessrs X. &. G. Repsohl of Hamburg on the advict* 
of the famous German astronomer F. W. BcN.sei who 
had in 1888 with a similar instrument obtained the 
first satisfactory measure of the parallax (distance) 
of a fixed star. The. distance of the .star, <)1 C'ygiii, 
was found to be some 400,000 times the siiirs distance, 
of 95,000,000 miles. 'Fhc Oxford Helioinoter was 
for many years one of the most powerfid and accurate 
iiistriiments of its kind in the world. It is notable 
among other things for the first appl legation of elec- 
trical illiiiniiiatioii lo an astronomical instrument. 

Public Health in Assam 

'I'hc report on public Jieaitli in Assam for 1956 
reveals an increase in the deatii-ratc and a decrease 
in the birth-rate which fell from 50.02 per thousand 
to 50.20 and the former rose from 88.07 to 87.55. 
Cholera was res|>oDsible for 7,450 deaths in the dis- 
tri(‘ts in the plains and 2,815 casvH and 1,14.9 deaths 
ill AfanJjnir State. Smallpox took a toil of 529 iii^s 
against 200 in the previous year. Tlie number of 
deallis from typhoid rose from 42 lo 50. The number 
of kalaazar eases fell from 15,898 lo 11,100, but 
deaths increased from 770 to 840. 

The year was a bad one for malaria. The Assam 
Medical Research Society had completed most of its 


.surveys and was engaged on the iiscfiil work of plan- 
ning on the btt.si.s of the data obtained. It appeared 
probable that in many of the malarious regions, ap- 
plication of aiiti-larval methods during the cold wea- 
ther and pre-nionsiM>n months, In^forc the rains begins 
to act as a natural Hushing agmiey, will constitute a 
<‘heap system of (>ontrol. '1‘liere were 01 dispensaries 
efpiippcd for the treatment of leprosy, and 2,505 <‘a8cs 
were Ireated. Attempts made to operatic the 
Pure FimmI Act without a special staif of 
food inspeclors did not prove c.ncoii raging. 'Die 
1..4)crtl Kt.ards have not hitherto made any efforts to 
enforce its provisions outside the towns, and a con- 
siderable proportion of jiroseeiitioiis failed from one 
cause or another, or resulted in light ]>eiialtie.s. 

U. P. Unemployment Relief 

'I'ht* secretary lo tlie Industries Department, 
l-nited Provinces, jdact'il before the Legislative Coun- 
cil a statement sliowitig tiit‘ action taken by Goverii- 
ineiit on the reporl of the I’niled Provinces unemploy 
ment committee. 'I*he .statcmeiil covers the stage 
reached liy each of the schemes iiiidertaheii ii|> to the 
end of OetohiT, 1J)50. 

Sixteen students were selcc*tcal for practical train- 
ing in agriculture but only 15 have actually joined 
farms. Seven others will be si-Ieeted by the Director 
of Agrioulture from among applit‘aiits and students 
«if the Agricultural College. 'I’lie selieme for instruc- 
tion in estate manageintoit has been held up owing to 
tile fac-t that no changes in the C’awiipore AgrieulLiiral 
College eiirrieiilum can he made without the approval 
of >Vgra University. "J’he question of fitting in such 
instruction w'illi ordinary tutorial work is under exa- 
mination. 'J'hree. students for a Iw'o-year course for 
a dairying diploma liave bet'ii selected and arc undiw 
training cA the Agricultural Institute in Naiiii Tal 
and the selection for a six iuoiilh course in organized 
supply of milk and milk products will be made Ix^forc 
that course is due to begin. The syllabus for training 
in organized supply of eggs, p<mllry, etc., has been 
drawn up and the selection of suitable candidates 
desirous of undergoing training is expected to lie com- 
pleted soon. Students Jiave Ik'Ch seJcctcid for deputa- 
tion for veterinary training. Six centres of agricul- 
tural improvement in canal areas have been set up and 
w^ork lias been started. 

As regards medical relief a district health sclieme 
lias been extended to four districts and three travelling 
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dispensaries liavc been revived. Some of the rural 
dispensaries lo reeeive grants have lu'en seleeled. An 
additional grant has iK'en plaeed at the disposal of 
the Board of Indian ^^edieine and applieations havf‘ 
been invited from promising medieal graduates and 
lieentiates willing to settle ilowii to medh'al praetiee 
in rural areas. 

Under heads not involving additional expenditure 
a eommittec under the ehairmanship <if Sir Tej 
Bahadur Sapru has bet'.ii set up and the secretary has 
started preliminary work in eonnexion with eduea- 
tional reorganixation. The («overnineiit have issiu'd 
tirdcrs asking the Direetor of Public ftistruetion to set 
up advisory eomniittees eharged with duties of advi- 
sing students ns to eareers and of endeavouring tt) 
find employment for former students of the institu 
lion. The questitui of reform of legal islueation is 
under examination in efuisultation with iiniversitit's. 

Gift to Patna University 

'I'he C'liaiiet'llor of Patna I’niversity lias aeeept«*d 
tlie offer, eontained in the will of the late Hai Bahafiiir 
Bitnleswari I’rasad Singh of Dharhaiiga, of an annual 
Sinn of 11 s 2..'»()() to be paid to the university for 
establishing a ehair or readership of pure iiimli liiera 
lure and it has been decided to appoint a lecturer in 
flindi for .M.A. classes at I'atiia (*olh*ge for the 1JKI7- 

session. 

Steel Research Lal>oratories for Tata Works 

'Pile foundation sloiu- of the building of the new 
'fata research and control laboratories was recently 
laid at tin* 'I'ata Iron and Steel Uoinjiany’s works at 
.lainshedpiir by Mr A. II. Dalai. It is uiuh’rstood 
that tin* laboratory will cost a sum of b’li lakhs of 
rupees and is designed to meet tlu^ growing demands 
of the Steel Company for the next twenty years. It 
is claimed t<» be the largest of its kind attached to 
any steel ]>lant in the worbl. 

In course of his sjncch Mr Dalai remarked that 
no manufacturer can maintain his position in this com 
jHditive world w illioiit resean h for keeping pace with 
the tcH'hiiical progress that is being made all over the 
world. In India the manufacturers have, lo work 
under llu‘ tlisailvantage that they have lo provide for 
their own rcscar«‘h: while in Kiirope and Amerma, 
besides the laboratories of individual inanufaelurers. 


there are large centralized institiilions carrying on 
research w'ork for the industry as a whole. 

'Pile new' laboraUiries when i*ompleled will lie able 
to deal with research on following lines: 

Coiilrol of raw materials, invohing analytical and 
chemical problems, for purposes of selection or in- 
vestigation. 

The study, observation and supervision of all nictal- 
birgica] opiTations carrii'd out within tin* steel plant. 

'Pile properties of s]>eeial irons and steels. 

Hefraetory iiiatt'rials. 

I '(U'rosion problems. 

Devclopiiietil of ih-w steels and new products of 
all kinds. 

'Pwo special b atures of the laboratory are the air 
eonditioning plant and the fume extraction plant 
which is of an entirely new design and an advance on 
usual standard praetiee. Incidentally, the, building 
will use about tOO tons of 'Pata steel. 

Plan of llic Lalxrralory 

NVe gill* below some details regarding the plan 
of the above laboratory. 'Pile iiietalbirgieal depart- 
iiieiit occiipii's the bascnu'iil and ground floor space 
in the north west aiul wtvst portions of the new build 
itig. 'Phis department will comprise tin* metelbirgical 
laboratories, tin* statistical section, the routine physi- 
cal lest laboratory and the inspi*etion (h'tiartment. 

'I'he baseiiu‘iil. in aihlitioii to providing room for 
the air conililioiiiiig plant, switch gear. etc., will also 
act’onimodale the roiititK* physical test laboratory to-- 
get her with an .’uhspiatt'ly (‘(jiiiiqied machine shop 
for the preparation of the lest pieces. A special 
room is also pro\ ided in the basement for conducting 
erei'p test experiments. 

.V steel melting and heat treating room is ecpnppcd 
w’ith a high -frequency induct ion furnace of 50-75 Ib.s. 
eiipaeily, for making .small ex))erimental beats of 
s])ccial steels. .Adequate equipment for laboratory 
heat treating will also be provideil in this room for 
ex])i‘riincntal ih'tcrinination of the physical propertic.s 
of the. material due to varying heat treatments. This 
room iN tilted with an overhead runway for fac'ility 
in the handling of materials. 

.V miero-room is provided where .si'ctioiis n*.eeived 
for micro- examination are didivered after duly maehin- 
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in^ aiul polishing the surfaet*. Deep etching or sul- 
phur printing is Uirn carricui out as desired 
to reveal the soundness, segregation and general 
structure of the material. The special test laboratory 
is fitted with a full range of standard machines for 
testing incehanical properties. 

\ physiivs laboratory has been provided wdiere 
eqiiijuneiit will be installed to provide thermal and 
physical data for the various works departments and 
for the purpose of research dilatoinetrie determinations 
of the volume elianges in steels; co-efficients of linear 
expansion may also be. determined. 'Phis room can 
also be used, later, for w<irk on speetroseopy aiul X-ray 
(‘xam illation of metals. 

'Pile ehemieal laboratories oeeiipy the ground Hoor 
on the north-east and east. .V corrosion lalioratory 
is attached to the special chemical rescan'li room. 
'Phis room will Ik* entirely devoted to the carrying 
out of accelerated lalwiratory corrosion te.sts 
on various grades and qualities of steel. 'Pin* chemical 
laboratories are eoniposi'd of sampling rooms for pnt- 
paring various sanqdes for analysis, rooms for the pri*- 
paration and standardisation of reagents and various 
standard solutions, chemi<‘als and ap])aratiis storc'.s, 
sample store and nine ililferent working halls for 
carrying out analyses aiul tests. 

'I'Ik* largest of the working halls may be <‘alled 
the general laboratory where refractory materials, 
stones, larioiis nx'k.s and minerals including ores and 
fluxes and other miscellaneous materials will lx* ana- 
ly.sed. 'Phis laboratory for the analysis of the 
various types «if steel aiul non-ferrous metals and 
allovs is provided. A fuel laboratorv ffir earrving out 
i>i> ysical and ehemieal tests on fuels such as coke, 
coal, tar, etc., is equipped with a balaru'c room In’tween 
the fuel and the iiu'tal laboratories. 

'Pin* laboratory for gas analysis and caloriinctr}' 
is adjacent to the fuel laboratory, while the lalmratory 
for carrying out c'heniical analy.sis by ]}hysieal me- 
thods is adjacent to the metal laboratory. .Vnalysis 
of non-ferrous alloys by methods of elect ndysis, 
sp<*<*tro.seopii*, ])hotometric, potentionietri<‘ and other 
)ihy.sieal methods of ehemieal analysis will 1 m* carried 
out in this laboratory. The combustion room is ex- 
clusively meant for carrying out tests requiring com- 
bustion mcthmls. 'Phe oils and paints lalMiratory wrill 
lake care of tlie various lubricating and other oils, 
greasi*s and paint materials submitted for test 


and analysis. There is also a small laboratory for the 
chemist in charge and, finally, a special laboratory 
where all investigation work will be carried out. 

Scliolarship to Indian Students 

In the editorial article of Scienck & Cl’LTVRK 
February, lOt'Kl, the work of the Commissioners for 
tlie London Exhibition of 1851, was fully discussed, 
on the ba.sis of their latest report. After the great 
I.^>iidoii Exhibition of 1861, a large surplus fund 
had been left wliieli the Commissioners were given 
llie power to deal with in any way they considered 
most likely to promote the knowledge of science and 
art and their applications to industry, 'i'lic Commis' 
sioners used to aw*ard, out of this fund, a 
number of resear(‘h seholarsliips to students 
from British Universities and Dominions. Fix’c 
sidudarships were reserved for (Ircat Britain, 
three for Canada, two for Australia, and one each for 
New Zealand. Irish Free State ami South Africa. 
.Mthoiigli the princes and jieoplt* of India had contri- 
hiiled largely lo the funds of the 1851 Exhibition, 
India bad no place in this scdieme of seholarsliips. 
We are glad that at last the (’imimissioners have dc- 
<*ided lo award one scholarship annually to India. 
Below we give the del ails of the olfer. 

'Phe Royal ('oinmissioners ff»r the London Kxlii 
bitioii of 1851 have offered lo jirovide for an annual 
.science research seholarsliip of .£250 lo £800 per 
anniirn, tenable for two years, for students from uni- 
versities in India. 

'Pile ( iimmissioners have for some years bei-ii 
awarding siieb sebidarsbips wliieli are intended to en- 
able .selected stiich'iits who have already completed a 
full university course and given cvidcins* of their capa 
city for scientific investigation, to devote themselves 
for tw’o years lo research w'ork under conditton.s most 
likely lo (‘quip them for practit'al service in the sei»*n 
tide life of the Empire. 

The (’oininissioners now' desire that universities 
and institutions of similar standing in India whieh 
have made provision for p<isl-gradiiate w'ork in .seienee, 
should b(* givc'ii an opportunity of recommending can- 
didates for the .seholarsliips. 

'Pile (Tovernment of India liavt* ac;<‘(*ple.d the offer 
of tin* Cotnniissioncrs w'ith thanks. 

The number of such candidates from among wliom 
the .scholarships eomiiiittc'e of lhe.se. bcKlies will have 
to eluMisf* one, iiiiisL not lx* more than six. 
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The (Jovcrnmeiit of India liavo derided to set up 
a small committee to make the preliminary seh'etion 
of candidates. 

Local Government and Administrations have Ix'rn 
asked to invite nominations from Universities and 
from other suitable institutions for the scholarships 
to be awarded in 1937 and to make recommendations 
to the Government of India by March I, 1937. No 
recommendations made after that dale will be consi- 
dered. Nominations are to be limited to persons 
whose record and aptitude eii(*oura||re I he expeetatiem 
that they will <io credit to India. 

The standard to be allaiiied by successful earuli- 
dates is approximately the same as that recpiired for a 
jifood Ph.n. degree in the United Kingdom. 

Biochemical Standardization (laboratory 

111 March 1!I27, a resolution was adopted by the 
('oiincil of State rccommemling that local Govcriimcnls 
should In* urged to take steps to control tlu5 indis- 
criminate use of medi(‘iiial drugs and for the stand- 
ardi/ation of the ])rcparation and the sab of such 
drugs. Accordingly, in consultation with the local 
Governments, a coinmitlcc was appointt'd. presided 
over hy Lt.-Uol. (’hopra, to explore and dctirie the 
probh'rn of drug control and to make n'eommenda- 
lions. 'riic reeoinmcndatioiis of this commillce were 
considered in consultation with the local fiovcniiiieiits, 
and action is now being taken to inipb'iucut them by 
establishment of a Hioehemieal Slandardixation Labo- 
ratory for wliieli orders have already ln*en issued 
by the Goveriiineiit of India. 

It may be noteil that the control of drugs is pri 
marily a matter of jiroviiicial concern, and under the 
new Constitution will be even more so. C’cntral legis- 
lation or any other action taken by Ihe Central (lo- 
vernmenl alone cannot, in the eireumstanees, siifliec 
to meet the problems disclosed. Though adequate 
action could not be taken so long owing to the existing 
financial stringency, in view of the increasing gravity 
of tlie problem and the interest it has evok<*<i from 
representative commercial and medi»*al organixatioiis, 
as w’ell as from the public, the laboratory is In'ing 
established as a first step towards dealing with this 
problem and assisting loeal^ Governments to make 
their own preparations. 


Thr laboratory will evolve definite norms or 
standards, but with its establishment, it is hoped that 
there will be the beginning of control over the mann- 
faetiire of spurious drugs, to Ih* implemeiiti'd by suit- 
able ]>rovineial action for the examination of drugs, 
patint medicines. i‘tc., the norm or standards set up 
by the central laboratory jiroviding the provinces 
with a basis on which adequate sU‘ps can be taken 
to enforce hu‘al laws against adulteration. 

'rile laboratory will consist of a bio-assay .sub- 
section ami a pharmaceutical sub section, and among 
its functions will be the jirejia ration ami maiiitenancc 
of suitable standards of strength, purity and quality 
for drugs, and standardixatioii of methods of analysis 
and test with regard to elimatie and other i'onditioiis 
prevailing in ditli-reiil parts i»f Jmlia. 'Fhe laboratory 
will also act as “expert referett” in respect of disputed 
analyses of samph s sent by local (■overiiments ; guide, 
co-ordinate anil correlate the work of ])roviricial 
lalmratories; assay and test ehemieals and drugs, 
biological products such as scrum and vaccines and 
organomctallie eoiiipoimds, at tlie request of the (‘eii- 
Iral or local GovtTMoients : pt riodieally issue bulletins 
about its progress in various hraiielies of its aetivilii's; 
and .supply information to manufai‘turers and provin- 
cial laboratories. 

'rile laboratory will, to emiimem*e with, hi* located at 
the All-India Institute of Hygiene and Public Health 
Ualcufla, and Ll.-( ol. P. Chopra, i.m.s.. Director, 
School of 'Propical M('dit‘im\ Calcutta, will be respon- 
sible for its orgaiiixation and direction in the early 
stagi-s. 

'Pile start' of the laboratory will consist, Iwsides 
a iiiiiiiIkt of assistants, in its hio-assay Mib-.seelion, 
of one jiharinaeologist and two experimental assistants, 
and ill its pharmaceutical sub-section, of one pharma- 
ceutical chemist, one bio-i'heinist and two assi.stant 
eheiiiists. and steps liavi* already Im-cii taken for their 
reeruiliueiit. 

Bihar Unemployment Committee 

'I'he report of the commit tet* appointed by the 
Government of Hihar to examine and ri‘porL on the* 
nature and extent of unemployment among the edu- 
cated classes in Hihar has bi'cii published. 

Regarding the extent of uneinploymeril tin* com- 
mittee opines that the problem is not yet s<i acute 
in Hihar as in some other provinces. It is estimated 
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that the miinber of inalrifiilates in excess of the 
rec}iiireinents of (lovernment, local boilirs, banks and 
private educational institutions would Ik; about 500 
each year, most of whom could Ik; absorlu'd in tJie 
industries and railways of the province if outsiders 
could be «‘xcludc«l. The oiitpul of I.A/s., I.Sc's., 
graduates^ M.A’s., and M.Sc's., is slightly in excess 
of the ])osls requiring these qualifications but the 
surplus is almost cnlin-ly absorbed in posts requiring 
lesser qualifications. Hut as an unduly large pro- 
portion of graduates si inly law, I he iiic*idcn4*c of un- 
cmployinenl is shifted from the catc'gory of gra<luatcs 
to that of lawyers. 

Among the causes are iiicnti<incd, Ihc increasing 
])rcssurc of po)nilation on the soil^ the import ation 
of machine made goods to the countryside which is 
driving out the village artisan from his hereditary 
occupation, the drift of population towards the town, 
and the fall in the price of the agricultural produce 
which has indirectly hit the lawyers, doctors and 
traders. 

As far as the (fovcriimciit and the qiiasi-Cfovi'rn- 
mciit services an; concerned, Hiliaris are very poorly 
represented in the all- India services for which sjK*«*ial 
coaching arrangements should be made by the Uni- 
versity and the local Government. Re<'ruilincnt to all 
])roviiicial and subordinate services should be by <*om- 
petition as far as possible. All Crovernment officers 
should be compelled to retire at .55. The diploma of the 
Hihar Gollcge of Engineering should be recognized 
and a representation should Ik; mach; by the hical 
Government to the Railway Hoard to exclude all out- 
siders (non-Riharis) from the vacancies in Rihar. 

Among the medical graduates about 50% are 
under-employed or unemj)loycd. Doctors should be 
encouraged to set up country pracrticc and the system 
of subsidizing country doctors should Ik; extended. 
There is a great deal of uncmploym<‘nt among the 
lawyers of whom only about 20% earn a decent living, 
'rhe number of law graduates should be restricted in 
future, 'riiere is s<»me scope in insurance and jour- 
nalism. The committee is of opinion that there is 
not much possibility in Bihar of diverting young men 
in towns to agriculture for a variety of reasons. The 
scope of any colonization scheme is also very limitcKl. 
However to prevent the flow of village population to 
towns, village life should be made mon; attractive for 


which rural reconstruction schemes should be carried 
on more extensively throughout the jirovincc. 

There can Ik* no lasting solution of the uncinploy- 
inent ]>roblem without industrial development, 
but this requires the co-ordinated effort of the 
local (Jovernment and the Government of India, as 
vital factors e.(f. currency, tariff, railway freight etc. 
are in the hands <jf the latter. Governim-nt should 
also obtain expert opinion regarding the possibility of 
sup])lying cheap electricity all over the countryside 
by means of a grid system with generating stations 
conv»*nicntly located. The ctnnmittee has made a 
rough survey <»f the employment afforded in large, 
industries, and have found that there are more than 
4.5,000 j)osts carrying a pay of Rs. 20/- or more in 
the large industries of Bihar and Orissa. Out of about 
17.218 posts in the 'Fata Steel Works about 55% are 
held by Biharis and .Vriyas. 'I'hc cojipcr industry of 
Sitighblium has 71.5 posts of Rs. 20/- on over of 
which local m<‘n luild about 27%.. Out of 5,(»00 
similar posts in the .lliaria coal iniiics about 40'; an* 
held by lot*al men. 'File c‘orrcs]>onding figures for 
sugar industry arc 5.(i.55 and Ht>%,. Kfl'orls should 
be made to inen*asc the eniploymcnl of Biharis in 
these industries. Eor belter employment of civil cn- 
gin«‘crs, the local Government sbonld lay down that 
for all works under the Govcrnnu'iil and local bodies 
aliovc a certain figure, pref(*rcnc(; should be given. 
otht*r things being (*qua], to those contractors who arc. 
themselves qualified engineers or who undertake to 
employ qualifi(*d men. 

'File. committ(*e in conclusion suggests that some 
.selected educationist should be trained in Europe in 
iinliistrial p.sychology and should be attached tti the 
staff of the director of jniblic instruction to advise 
parents and headniastcrs on the suitability of careers 
for boys »>f school-leaving age. 

Eor developing the large industric.s, (iov»*rinncnt 
simuld themselves start dcnionst ration factories with 
experts. State aid should be granted liberally to 
finance educated young men in setting up cottage or 
small industries. 'Fhe interest on loans for these pur- 
jioscs .should be as low as possible. Appropriate 
action should l>e taken by Cnivernmeiit to prote<‘t 
nascent industries from unfair competition. An un- 
employment census is not recommended but the edu- 
cational and technical institutions should maintain 
detailed occu])ation registers of their passed students 
and submit annual reports from which the Informa- 


8CIEN c c. A 
C ir L T U R IC 


314 



NOTES AND NEWS 

lion ISurcau slioiild euinpile an annual slatcnimt for 
llu* iiiforinatioii of llir (iovtTtiini'nt and tlio. piddic*. 

Mr S. P. Mookerjee on University Ideals 

III his Convocation Address to the Xajq)ur Uni- 
versity on Novendicr 5 last, Mr Syumaprasad 
Mookerjee beautifully siiiiiined up >i'liat the ideals of 
an Indian University should be. “(lenerally speakin^r", 
said he, “the Indian university iiiiisl regard itself as 
one of tiu.' living organs of national reeonstruetioii. 
It must diseover the best means of blending togetluT 
both the spiritual and the material aspects of life. It 
must equip its alumni irrespective of easte, creed, or 
svx, with individual fitness^ not for its own sake, not 
im-rely for adorning varitsl oeeiipations and professions, 
but in t>rder to leaeli them how to merge their indivi- 
duality in tin* common cause of advaiu'ing the progn'ss 
and prosperity of their motherland and upholding 
the highest traditions of human eivili/atioii.'* 

“A university”, eonlinueil Mr Mookerjee, “is not 
worth its name which does not ]irovide for both teach- 
ing and rc'seareh of the highest onler in diverse* 
brniu*hes of knowledge. India must pro<liu*e her own 
band of discoverers and eonquerers of new realms of 
thought who will help to raise the inte-lleetual level of 
the country and call forth this s])ontaneoiis homage 
and respect of nations far and wide. 

*‘lt will be for them to devise ways and means for 
conserving and utilizing the rich and inex lustihle raw 
inatt'rials in which this country abounds, not for 
individual protitering but for the Ix'iietil of its toiling 
millions and for providing them with food, clothing 
and shelter, thus stabilizing natimial cHieieiiey and 
w(‘alth and preventing their continued exploitation. 

“ I’robleins of health, sanitation, hygiene and iliel 
will be investigated and the conditions for the allevia- 
tion of sutreriiig and malnntrition earefully analysed. 
Agrieulliire must form a distinctive part of the work 
of the university and the ]iossiliility of increasing the 
productive power of laiul with the aid of si*ienee ex- 
plored and explained. 

" Neither will cultural pursuits and the study and 
investigation of arts and letters be discontinued or 


discouraged. Philosophy, liti'ratiire, archaeology and 
architecture, tine arts ineluding music and painting, 
the Indian languages, classical and modern history 
and polity will be carefully nurtured and the correct 
lntcr])retation of the manifestations of the genius of 
India in the realm of thought and eiiltiire. will lie faith- 
fully and courageously given." 

Ill eoneliision ^fr Motikerjee enumerated the needs 
of the hour of the university ediu'atioii in India and 
stresseil the necessity of State aid in this eonneetion. 

“A system of ediieation, i'onsisleiiL with the genius 
of the people of India and suited to modern life and 
conditions, cannot be fully aehit'ved unless and until 
India enjoys a political status which will give her 
the liberty to decide for herself what constitute her 
national needs and how best they can be satisfied. 
Secondly, there, must Ik* less of degrading poverty and 
less of disease and pest lienee, now nation-wide in ex- 
tent, which are sapping our vitality and energy and 
shutting out the inrush of joy, light and beauty into 
tins land of proud and aiieietil civilization. Thirdly, 
the Stale must spend far more adequately and gener- 
ously on edueation, in all its grades, than it has done 
in the past. All sehi*mes for reconstruction will re- 
main unrealized until this paramount condition is 
whole-heartedly fulfilled. Fourthly, there must be an 
elaborate system of elemt‘ntary and se<*ondary educa- 
tion which will form an enduring foundation on which 
the great struelure of univi'rsity edueation will 
built. Fifthly, education at every stage .should be as 
cheap as possible while its quality will be maintained 
at a high levi‘1. Sixthly, while expressing our deepest 
gratitude to our past benefactors, let us emphasize 
that the universities must inspire jirivate benefactions 
on a much wider scale than they have hitherto done. 
Seventhly, there must be a close and honourable con- 
lU'xion between edueation and trade, industry and 
«*ommeree, so that men trained in different braiic*he.s of 
practical skill and knowledge, will have, a natural scope, 
for their talents. Mere teehnieal edueation, divorced 
from such association, can never .solve the ])roblein of 
unemployment. Lastly, the universities must be given 
the amplest freedom to work out their salvation. We 
must free edii(*atioii from the iinder-eiirrents of politi- 
cal and eomiiumal strife." 
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A New Essential Dietary Factor 

It \v;is rmiiid by Klv(‘lij(‘iii iiiid rownrk<*rs that 
flavins an? ina<‘fiv<‘ in tin* <ii* pn*v<'ntinn nf 

p(‘lla^i'a-lik(» syinptoins in tin* chirk and black tonkin* 
in dojrs, nnd that a frac^tion prepared from liv«*r 
<*xtracf fivnn which (he flavifi had been rcniov<*d by 
adsorption on Ridk'r’s earth was hi«rhly active in 
tiu' pr(‘Vcntion of both theM* syndroin(>s. Daiiii 
0!. Siitrilinn^ //, -lol, l!Khi) also n^Mirtc^d that 
pellagrins do not respond to lactoilavin but to liv(U* 
extract. 

Ilircli, (Jyury:y and Harris also found that (he 
hiiinan p(‘lla;^i*a-prcv(‘ntin«!: factor is ditlcrent both 
from vitamin ami from la<doltavin, two known 
conii)onen(s of th<* vitamin eomph'x. 

It is thered’ore evi<lent that flavins are not the 
human |)ella;jfra -preventive factor. 

KIvehjem, ko<*hn and ( )leson (»/. liiol. C/tem, / /o, 
707, lOlhi) now report th<* presence of aiiothc^r 
cssiaitial dietary fa<*tor pres(‘nt in the aleohol-etlier 
[iiY‘cipitat(‘ obtain(‘<l from tlic liv<‘r (>xtra(‘t during 
the separation of tin* fijivin and vitamin Ibj from it. 

Tsiiijr rats for assayiiiji; the potency of the factor 
and devisinjr a cmnplete ration as synthetic as 
possible and siip[)lyin^ ample amounts of vitamin 
Hi, ho, hi, h,i and flavins, tli(M'e was la(*k of growth 
ami jj:em*ral <*niaciation. 'rims tln'ir ration w:is 
delicieiit in an additional iinr(‘co}rni/,ed factor. 

When the ah'ohol-ethcr precipitate e(|nivalcnt to 
‘J"y liver (‘xtract was a<l<h'd to (he basal nitioii 
])henoim‘iial growth respimse was observed. The 
faetcu’ in found to lx* (piitc* heat-labihs bcinj^ 
completely inactivated by aiitoclavin^ at rjO"" for 0 
hours at lo pounds prcssur<'. 

Tin? factor occurs in liver, yeast, and milk and 
is wat<'r solubh‘. It is insoluble in tin* fat solvents 
and can be adsorbed on (‘harcoal. 

//. //. 


On Three-fold Magneto-ionic Splitting 

Appleton, llartree. (xoldesteiu, and others have 
shown that an ionized medium iimha* the influence 
of a nia^mdic field becomes doubly refractin^r. It 
can be easily shown (hat a radio w.ivt? travelling 
upwards can In? ndlected fiY)m three difVerent i»laees 
having; diilerent (‘onceiitrations of eh'ctrons. 
I’siially only two echoes due to reflections from the 
two lower-most comaait rat ions have ln‘cn observcsl, 
but Toshniwal and coworkcTs, working at Allahabad, 
hav(‘ on seviTal occasions ( /*/-oe. AV//. fust, Sr. India. 
L *S7, IbHo) observed three echoes, and for the 
first time h)wards (he end of Decemlna* Tosli- 

niwal has ex|>lained (Xftian\ AVJ, l‘{7, lll.'lo) fhese 
echoes as due to thre(*-fold ma(;ueto-iouic splittin^X 
as demand(‘d by the theory. 

This explanation was lacking verification from 
virtiial-heitrht-fre(|U(‘ncy curv(*s which always 
showt'd only two critical fr(‘<|iiencies wluu’eas, in 
view of the above explanation, there should be three 
such freciuencies. lleiamtly, however, Leiv llkran^ 
(Terr. .1/m/., •//, KiO, HKlti) working? at the rniversity 
of Tronis in Norway has eonlirnied Tt»shniwars 
(»b.servations and predictions. lie has procured 
<»xcelleijt virtual-hei*rht-frequency curves showing 
three critical fn'(|U(*ncies. The fre(nn*ncy difVerenc<‘s 
betwcmi these pem^tration frciiuencies are in exe«‘l- 
Icnt quant itativ(‘ agreement w'ith thos(‘ exi)ectcd 
from ,!ic‘ory. 

//. n. Hajpai. 

The Preservation of the Australian Aborigines 

In a leading article in the Itfas/rnfed Ijoiidon 
Sen's of October 24, Ifl.'Jti, Mr W'. 10. II. Stanner, 
on behalf of the Australian National Research 
(/oiineil, has diseii.ssed some* interesting}: r(?sults «»r 
his anthropolojrical expedition aiuonj; the iiorth(‘rn 
Au.stndian abori}rin(?s and has testified to the 
soundness of the ii<*w i)oli<*y of the Australian 
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(loveniiiKMit ivjrjirdinjjc lli<* pr<'s<*rv;iti<tn < 1 !* tlw nl)nri- 
n’liH's. Tlio siborijrinos in Austr;ili;i luivc at pn*- 
sciit (IwiiidU'd from 200, POO to T(),000 and th(‘ 
now inoasiiros (M)iit(Mni)Iat<‘<l l>y tlir ( nivoniiiioiit 
would dividt' tlnMii into tliroo groups : 

1. Drtribali/od natives, siioli as tlmso living 
n<‘ar Darwin and otliri’ norlliorn towns. 

2. 'rrilx's noar pastoral s(‘t(l<Mn(‘nts and itthor 
wliito stations. 

I?. Myalls lu'yond civilized control, 
lic^ardin^ the first ^ronp the (iovcriinicnt has 

planned to e<hieat<‘ tlnan aftt'i' wliiti' standards. 
Tlio Darwin are.as will he under a rcMTve with 
barracks and st'hools, and other recreational and 
sanitary faeilitit's will also he arraii|jre<l for. These 
jieople, hithi'i'to, had iieeii r‘xpioilin;j: ( he doniest ie 
animals and tln^ natural products of the soil as 
tlieir soiin‘(‘s of food, and it is hop(>d now that 
this will h(‘lp in ^rrowin^ in them a eommiinity 
sens(> e(‘ntred in family homes. 'I'lie s<>eoiid ^roiip 
will he iihn-ed niider res(‘rv<'s hut their native 
mode of living will not lx* tampi^nsl with while 
tlie last, ^rroiip will (‘oiitiime to liv(‘ ahsohit<‘ly in 
their present state. 

'file (h'popnhition (d' tiie ahorijiines of India 
has h(‘en j^oin^ on for a lono; time, and the ex- 
treme* nr};<*ney of a<loplin;r protect iv<' measures, 
has heen nr^(‘d hy all who have a first hand 
knowledge* of the aborigines of India, such as, 
Drs. Ifntton, (Inha, Mills, etc. I)nl nnfortiinately 
no nitioiial poli<*y has yet 1xm-h adopted hy tlx- 
Government, ft is essential that steps are tak«*n 
immediately Ixd’ore some of them, such as, tlx* 
Andamanese*, (»r the Toda.s, share* the same fate* as 
that of the Tasmanians who have* hoeome eomph*- 
t(*ly exiin(*t now. 

N. N. Sftrbtr. 

The Discovery of Bronze 

r.\ Srientifu Off, ()ete)l)e*r ID.’lli, IVofessor J. H. 
Partington eonsieh*rs smne* inte*re*stin‘j; prohhaiis e*»ii- 
(‘crniiij; the^ oritrin ed bronze*. The e-arli(*st sp(*e*inx*ns 
of the medal e*e»ntain a ve*ry small amount eif tin. 


blit with a nieire abiinelant supiily e>f tin and jrreatcr 
e.\pe*rienee, the* amount he*e*aiix* staiidardize'd at 
10 p.e*. e»f tin aixl 00 p.e. e»f iM»ppei- in all hronze*- 
pr<xhi4*in^ e‘<miitrit*s. Philolo^ie'ally the* lOjiyptiaiis 
aixl Smne*rians, unlike* tlx* Je*ws, <ire‘e‘ks anel Ihunaiis, 
elistin^iiishi*el be*twe*e*n copper anel bronze*. Tin 
bronze* was first used in .Me‘s(»potamia in tlx* (‘arly 
Siime*rian ]x*riexl, althoimh a elonbtfni spe><*iiix‘n has 
be*e*n re*porte*d from tlx* Pir>t Dyna^^ty in l']t»:ypt. Avhe*i*e* 
its use* in n.e'. 11000 is s|ioraili(‘ ami small, .\fterwards 
it be>e*aiix* se*ar<*<‘, Ix'iny; replac(*d by inferior alloys 
of (‘oppi*r with le*ad and antimony. 'Tin bi'oii/e a^ain 
re*appe*ars in llaby Ionia anel Assyria abonl n.e*. ITOtl- 
|.">t)0, by whie*h time* it was also common in Ky:ypt. 
It is a mishiki* to snppo.se* lh:it tlx* Smix*rian e-nltiire* 
pa.s.*H(*d tliroiiirh a e'opper aijc anel (‘nle*re‘el a bremze* 
a^e* late*!* than I'^jrypt. In t 're*fe* anel (\\priis bremze* 
was in vo^ne* fn»m n.e'. 2HM)-22t)ff. 

In Ki^ypt e‘opp(*r was oblaiix*eI from tlx* pi*ninsiiia 
e»f Sinai anei, late*!' on. from ( \vpi'ns anel else‘whe‘re', 
while* the earliest Snme*ri;ni e'oppeT is snppo.soel te» 
have* e*onx* from ()man. It has lx*e*n re‘pe*ate‘dly 
sii^^estc‘fl that Cornwall tin was import(*el by Ky:ypt 
anel Babylonia, but this is highly impre>bal)h*, as 
British tin eliel ixd app<*ar in tlx* Mieldle* lOast lx>lbre* 
r..e'. 1000, or, at tlx* e*arlie*st, n.e'. 1 70f)-l oOO. It 

is alto^'e'tlx*!’ inx*e*rtain wlx*tlx*r the* tin of inte>rior 
Afrie*a was nse*d in I'iypt. .\ priebable* se)iire*e 
is Klxirassan ; it is infe*re*sf in*!: t‘» n*e*all that ae*<*eu*el- 
iii^ to Strabo Draii^fiana was a tiii-proelix'in^ e'eanitry. 
^riiis re**rie»n may Ir.eve* also Mipplie*el tin t*) the? se*ttle*rs 
ed’ Medx*nje»-elare», wlx*r** very ^^iMid tin bre>nze*, similar 
to the* e*ariy Snnx'i'ian breen/.c, has 1x*e*n iiix*arthe*<l. 
It is :in inte*re>.stin^ spe*eiilation, f hon;!:h no areliae**)- 
io^ie*:il e*vieh‘ncc* is as ye*f forthcoming, that it was 
rexinel abeiiit Dran^iana that bronze* was first 
maele* abend n.e'. iloOO anel its use* elinu.se*e1 the*ne*(* 
tei Me*se)potamia anel le.elia. 

A. fihnsh. 

Ancient India in Indo-China 

Dr II. G. <iiiarit(*h \t’ale*s, Fie*hl Dire*e*te>r e>f tlx* 
Gre*:ife*r-In<lian Be*se*arch ( Vnnmitte*e*, ele*se*ribe.*s the> 
re»siills ed’ his inve*sti^ations in Siam iti Disnnenj, 17, 
Xeive^niber lOOfi. He* be*M;an with 'rakuai>a eni 
the* we’st e* ) ast ed' pe*ninsiilar Siam, pe».ssessin*r a 
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iiiitiiriil harbour :iii(1 usually iiloiitiliod with the 
'fokola Aiart f»f l*foh*iiiy. On oik* of the islaiKis 
fonuiu^ tli(‘ harbour, au(‘ieiit pottery is strewn all 
over, a study of which shows that the settleiiieiit 
flourished from about the 4th to the Sth or 0th 
century A. n., and thou^rh primarily Indian, it was 
frcipicnted by riiiiieso and Arab iiK*r('hants. . The 
mounds of the area rcvcah*d a t(*mple after excava- 
tion. Twelve miles up the 4'akuapa river some 
images, one of whic‘h is that of Siva, are found ; they 
are of South Indian workmanship and belon;' to the 
7th or Sth century a. i>. It is suspect(‘d that they 
wore rcmoviHl tluTc fn»m the orijirinal 'Faktiapa 
temph*. 

Kxplnration proceeded eastward atU'oss the 
IVninsiila. In the (^'ty of t • Lake aiU'KMit Indian 
images of {rn-at int<*rest are found. Kpi^raphi(*al 
evidence slmws that Lliaiya, north of the Hay of 
Ihiiidon, was tlie <*a[)itai of a <;r<>at IndiaiiimI 
em|iire, r*xtendinjr the Mala P sula 

and the islands of Java and Sumatra from the Sth 
to the rjth century. 

'riiese investijiatiiUls alonj; tin* overland route 
slmw the exist(Miee of a belt of aiKMciit rndiaii 
remains stn-tehinj? across the IVaiinsiiIa, but exhibit- 
in<^ an evolution from (mrely fndiaii seul|)tural and 
arehit(‘etural forms on the west e(»ast to more local 
colonial types at the sites of jrreat cities near the 
east (M»a>t. It is evident that between the 4th and 
Sth centuries several waves of Iiidiaii colonists, each 
brintrin^ the Indian art and religion of the period, 
spread a*‘ross the IVuiiisiila by this route, in order 
to avoid the pirate-ridden waters of the Straits of 
Malacca. 

'Phe ruins of an aneleiit city, locally known ns 
Sri«h‘va, in tiie remot(‘ Pasak valley of eastern 
(k'utral Siam, were examiiu'd. Tlioiijrh all traces 
of pala(‘(‘s and dwellinj^s Iiave disa])[)eared, as they 
were built of wood, it is evident that the town was 
Indian in plan. There is still an iiKUan brick 
temple with a simple bri<*k to>v<‘r, resembling the 
temple at niutargaon ((\iwnpore district), which has 
been aserib(‘d to the ."ith or (ith century. It is thus 
the earliest Hindu temple in Indo-CMiina. Many 
fine sculptures ai -^ also found here, mostly rejireseiit- 


ing Yishiui and belonging to the Gupta period. A 
Sanskrit inscription, written in Gth century Dcccuui 
cha meters, was also found among them. The <*ity 
was rc-oeeupied by the Khiners in the llth eontiiry, 
but their netiviti(*s did little harm to obscure the 
Indian aspect of the city. 

A. (Shosh, 

Tests of Validity of the X-ray Crystal Method 
of Determining e 

The absolute meaKiirement of X-ray ^vavelengths 
with ruled gratings by Hacklin and others has led 
to a fresh determination of (he electroiiie charge. 
The final average value of v obtained by (his m<4hod 
is t.SOb X 1()~ ' ” e.s.u. It is distiiadly diverg<*nt from 
the so-called oiI-dn>p value*, known af(<*r the* famous 
experiiiK*nt eif Millikan, which gives v l.7l>i> 10 

e.s.ii. The difierenee between (he two is about 7 in 
1000 and is beyoml the limits of total pro])able e*rror 
allowed by e‘ith(*r si't e>f (*xpe*rim(‘nls. PiirthiT, 
their ratie> yields very n(‘arly the ce*h‘brateel fi:n-(inn 
1*10/137, whie*h has bee*n r(‘gardeMl as possibly singni- 
licant by physicists. 

The sitiiatiem has, ho\V(‘ve*r, chaiige'd (*onsielerably 
siiK'e the above remark e)f the (he*ore‘tie‘a1 physh'isls. 
Hot h the methods e>f determining e have* bee*!! crili- 
cized as regards their weak ptunts. 'rhe*y aie* / /*.. 
{/) in the oil-dre)p expe*rimeut the value* e»f n tin* 
coefllciciit e)f vis(M>sity of air, use.*d by .Millikan 
rcepiires te) bo ve»rifii*ii, be*ing radier too low; (/'/) in 
(he X-ray im*the)d the determination of (he* Jadiee* 
e<-mstant by ditlVae(ir»n e»f X-rays assunie*s that (he* 
density e)f the crystal is same everywhere* / /*.., at tin* 
surface, whore Hragg r(*llectioii take's place (the 
penctnition in the first emle*r is abemf 5 x 10 ~ ‘ e*m. ). 
The recent ex|K»riment.al invest igate)rs have taken 
into account these critie'isms anel have attaine*<1 
almost the .same value of c by the two n*vise*d 
inethod.s, which are given below. 

Kellstrom ' has undertaken a scries of careful 
exporinicnts to determine v with an apparatus impro- 
ved so as to ensure the constancy of ti'inperatun* 
and speed of rotation of the cylinder. His latest 
value of is 1831.9 x lO"' and this fitted into the 
other data of Millikan gives g = 4.818 x K) ^ (*.s.u. 
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in bc»ftor siffrcPincMit with flu* X-ray valiio. I^itor, 
]^:U‘klin and Floiiibor^^ have* ropoat(‘d flu* fHl-dntp 
(‘xperinicnt with an iiiiprovod apparatus and have 
obtaiiiod t' - 4.800 x 10“"''‘ n.s.n. with Kollstn'nirs 
value of the eoefieieiit of viseoeity of air. 

'riie X-ray experiment has been iierfornied in a 
novel way by DiiMond and Bolhnan^ with Hnoly 
powdercid crystals. They iiS(»d grains of ealeite 
crystal of size 2 x 10“^ cm. and less, which were less 
than half the thickness retpiired to extinguish flu* 
X-niy 1 10“^ cm. (measured). With a 

Seemaii-lhihliii spectnigi’aph the grating eoiistaiifs 
of flu* crystal grain were determined i)n‘cisely for 
the three* tlifl'cn-nt s<*fs of Miller indices. The 
(h'Dsity of tiu* same sample of crystal powder was 
nu*asnrt‘d v(‘ry a<*cnrately >vith a pycnometer. This 
was ill excellent agr<*emeiit with the so-called 


macrosoepic density. .Vssuniing for (hi Ku, 
^ = 1.5-10(> X 10”® <*.m. (Ilearden’s value, with 
ruhnl grating) the value of flu* eicctroiiie charge 
e is found to be ( I. 70!t ' ’007) x 10 e.s.n. 
The close agre«*meiit *>f this value witli the 
revised oil-drop value as well as with the 
previous X-ray valiu* establishes the validity 
of the latti*i* method and also shows that defciMs 
ill tlie interior of the crystal, if present at 
all, are practically negligible. 

l\ (\ MuLhvrjca, 

1. G. KelUtrnm l^hijs. Her. ."if), 100, lOilti. 

Xnhtrr l.Vi, tifj, lO.-Jf). 

2. Ikicklin iV Klemberg Xtihnr I.'IT, liiV), ItKjti. 

il. DiiMond and nollm:in /V/z/s. /iV/‘, .7^^, HKiti. 

. 10 , .’)2 I, io;{i>. 
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University and F\cadcmy Mews 


Royal Asiatic Society of Bengal 

All ni‘din:iry iiiniitlily of tlu* Uoyal 

Asijitii* Soci(*ty nl' nciijL^ai was held on ^foiiday, the 
2iid XoveinluT, in.'hi. 

Tin* follnwinj*: candidate* was <'h‘et<‘d an Ordi- 
nary I\reinl)(*r. 

llothra^ SHlihbmnt, n. a., Ijan<Hiohh*r and 
Stiide'iit ; .'h Vivf'kanaiida Hoad, ( 'aleaitta. 

The following pajier was read : 

PaDMANATII HllA'ITArilAKYVA.- -A o/v/Z/o// nf Hw 
ijrtiuictl ttfi thr Xitihanjittr dm ml nf Hh'ts- 
hnni-rtinimn uf‘ Kf'nttnntpti, 

'rills aWie'lf* is n n-joinder to a paper with the 
same title tliat was pii1ili>hed in the* Soeh‘ty’s 
doiirnai in last April hy Dr N. 1\. |{hat(asali, in 
whie'h the writer had (*oneliided that the l(H*atinn 
of the land granted hy lile'iskara-varinan was in 
Sylhet. In the paper the* author lias endeavoured 
to prove that tin* lo<*ation of the land r(*lat<‘d to a 
place in Itaii^pnr and not in Syliiet. 

Calcutta Mathematical Society 

An ordinary meeting of the* < ahaitta Mathe- 
matical S<»<*i<*(y was liehl in the* Soci<*ty’s mom, 
on Sunday, tia* ‘Jilth Noveanhi'r, ItKKi, at 4;-ot) t>.m. 

'Pile following papers were rcael : 

I. H. < *. Ikisc : '’I'lK'ory <»f skew r<-ctanji;^ular 
pcnta;;oiis in If^pcrholic S| ae'c, I’art II. 

M. dc Dnlhihcl (StamhonI) : Siir rKepia- 
tion anx dcrivccs partiellcs (pii se* pre^sente elans 
la the'orie* elc la propagation eh* ri']lc<*lrie*ite*. 

i). M. eh- ))iilVahf*l (StamhonI) : Siir h*s e*oii]>lcs 
eh; Kone'tiems unihuMnes d’line variahle. 

I. 15. I>. Sen : Note on the* traiisveTse vihra- 
tiem e»f fre'cly siippeirte*el |»latcs iineh*r the* ae*tie»n eif 
niovinji heads and variable force's. 

K. S. Varina : An iiitinite* inte*}rral involv- 
injr Bessel fnni'tiem and paraholie- ewlinder fiiimtiem. 

li. X. Hama Ihm and Basava Hajn : An ex- 
tension of WilseaP ■ the*e)rom. 


7. S. ShmjruinoIP (Pe*rm, U. S. S. R.): Kiia- 
tiem eh* Laplace dans lVspae*e a eleuse dimensions. 

8. ()ly:a Taussky (Uamhrielge) : Hinjrs with 
nem-e^ommntative aelditiem. 

it. S. (ihe>sh : On the soliitiem of Ijai»lae*e‘’s 
e*f Illation snitahle for problems relating to two 
.spheres toiichinj^ each other. 

It). S. (Bu)sh : Slre*ss elistribiitiem in a he*avy 
e*irciil:ir disc ln*hl with its plane* ve*rtieal hy a pe*g 
at the* e‘entre. 

Tlie National Academy of Sciences, India 

The oreliiiary monthly ine'e'tinjjf «d‘ the Xatieaial 
Aeaeh*iiiy of Scie*n<*es, Inelia, was he'hl in the* Physie's 
Le'ctiire The-atre*, Mnir ( N)lh*jre Bnilelin«j:s, Alhihahad, 
on the* Sth October, llKltk Prof. X. H, Dhar, 
President of the* Xatiemal Ae*aeh*iiiy was, in the e*hair. 

The followinir pape*rs we*re* re'ael and eHscnsse*el : — 

1. X. H. Dhar and S. K. Miikcrji, ( Allaliahael) : 
.Mkali Se>ils anel the‘ir re'e'lamation. Part II. 

lb X. H. Dhar .ind S. I\. Mnkcrji, .Mlahahael : 
Xitn»ge'ii tixatiem in soils hy ( 'e*lhilosie* mate>rials, 
Oils, Kats, ete*. Part I. 

.'>. Haelha Hainan A«rarwal aiiel S. Diitta, Allaha- 
bad : 'I'lic Oh(>mie*ai Ivxaminat iem eif Tenninalae 
.\rjiina Be-ehl ; Part I. Iseilation of Arjiinalin 
freiin the ah-oliolie* e*xtrae*t. 

-1. Satye'iielra Hay, (laicknow') : t)n the* Statistie al 
liitea'pretation of Kntropy : .\ (b’iticisin of Xernst. 

Ik X. Singh and M.V. Saraelhy, (Bemare^s) : 
Sii])erpe)seel Parasitism of (Jiise*iita He*llcxa. Roxb. 

ti. B.X. Singh and P. B. Mathiir, (Benare\s) ; 
He*.spiratory He‘speui.se of Ripe* Teunatoes and Deir- 
niant Potatoes fe»lh»wing w'oiineling. 

.\t the aheive- me'cting Preif. Dhar gave an ae*eu)iint 
of his re*seare*he*s ahing with pupils, Me*ssrs S. K. 
Miikerji, L. V. Seshaediaryiilii anel X. N. Biswas on 
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tSc rcdaiiiatioii of alkali soils nsiii^ diflViviit oil 
rakt’S and press mud. 

Oil oakos, whieli are available all i»v«*r tin* 
country ov(*n in rural areas, eontainiii^ 
nitrogen, <nls, eellidosie. substainres, (?tc., readily 
neutralize the alkali c»f Tsar (alkali) soils. M*»re- 
over, as there is plenty of niti'og(*n in all <iil 
cakes, tlu! nitrog(*ii deficiency and other defects 
of alkali soil are remedied by the addition ol‘ 
oil cakes. 10-20 matinds of oil cakes per aciv 
have been baind to be effeelive in reelainiing alkali 
land and made suitable for the growth of rice. 


Pri.'ss iiind, which is a solid substance contain- 
ing calciiini salts, carboh.vdrates, and nitrogenous 
matter and is available to the extent of about 
100,000 tons from the Indian sugar factones, has 
l)een found to be an excellent reelainiing agent for 
even bad alkali soils. Mixtures of press mud and 
molasses are alsti very eftcctive. The Pivifessor 
statc*<l that using one ton of molasses p(*r acre, 
the Mysore (jovernment obtained 1200-1800 lbs 
(»f rice grains per ucn*, wlu're the crop faile<l 
previously. The normal prodiu'tioii of rice in India 
is 1205 lbs per acre. Alkali land has also been 
reclaimed at Sorar)n (Allahabad), Shahjahaiipiir, 
Pnao, (awniion* and in llehar, using molasses at 
the rate of .‘I-IO tons per acre of alkali soil. 
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Letters to the Editor 


The Mci(jiict()-lonic Eorinulu 


I 


T huve read with interest the conniiunicatioti uf Dr 
Toshniw'aP on Ahsorplioii in the Ionosphere in which he 
describes results of his tlieoretioal calculations and also of 
observations and inaintaiiis that the relative absorptions ol 
the extraonliiiary and ordinary rays are just the reverse of 
the usually accepteil values. I had the privile/i'o of rendiuj; 
the analysis of Dr Toshiiiwal and also of discussinj{ the 
matter with him and I gathered that he thinks that the 
origin of the discrepancy lies in fuir inter])retation of the 
unlinary and the extraordinary rays. I quite agree with 
him in this ami, as will be seen from the analysis of Mr 
J. N. Bhar given below, the discrepancy disappears if care 
is taken t«> correctly associate the signs— positive or nega- 
tive beforethe radical in the A])pletoii-IIartree formula - 
with the extraordinary or the ordinary ray. It will al.so 
be seen that with this form of the iiiagncto-iotiic equation 
ns used by Dr Toshiiiwal it is not periiii.ssible to as.sociate 
one particular sign before the radical with either the extra- 
ordinay or the onlinary r.iy for all conditions of propaga- 
tion. Tliis is po.ssible only when the formula is suitably 
modified to fulfil certain condition. 

I would in this coiitiection make a rciii.irk regarding the 
ii.se of the terms orcfiwiirg and ej'trnordinarif. Tlie origin 
of the ii.se of the.se terms lies in the fact that the condition 
of reflection of ime cif the rays (ordinary) is not affected by 
the magnetic fiehl while that of the other (extraordinary) 
i.S strongly affected by such a fiehl. But iinfoi tniiately this 
terminology is not always applicable. In the ciiia.si longi- 
tudinal case, for example, the comlitions of reflection of 
both the rays arc efpially aHi-clc<I by the magnetic field aiul 
logically both .should be called extiaordinary ravs. 


>Virelc.ss baborator^, S. K. Milra. 

Vf.iver.sity College of Seienc* 

'•2 I 'ppcr Circular Road, 

Calcntta, 

.4 12. 3o. 


Dr Toshiiiwal' starts with the original Appleton- 11 art rce 
equation 


.V“ = 




- 1 H 


«+/■/* —S, T’’ , 

2(1 1 « f //<) 


a' 


vt ■* 


4(1 I « +//<)» 


rV/,' 


...(I) 

and slatf;s lliat by following a method of analysis similar 
to that of Booker* he has obtained a ratio of the integrated 
absorption coefficients of the ordinary and extraordinary 
rays which is different from lliat of Booker. Following 
Booker Tosh niwal has proceeilcd on with eqnaliun (1) 
hy putting it in the form 


.1/“ - 1 + 


-V + / V 


(•-’) 


Now, if 1 then the expre.s.sioiis for A’ and ) are 

as follows : 


.V - n- 
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Krfnriiiberii.g that A’ ‘ ^ ) or (/^ '0- .. m), the condition 
for reflection, i,e.. 


M“ == 0, is given hy X = — 1, or 


1 « 


._.lT “ I yr •* 

*J(1 + «) V d(l + 


+ 37/' 


-0 


....( 4 ) 


The source of ambiguity lies in the interpretation of thi.s 
c<|uation as to which of the signs before the radical will 
give us the ordinary and which the extraordinary ray. 
Toshiiiwal thinks that the positive sign gives us the 
ordinary ray since, Recording to him, its reflection condition 
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is Rivoii by 1+a — 0 «nd the ne);;ative sign the extra- 
onliiiH y ray since its reflection comlition is Kiven by 
I + a - ±y. This, however, is not always true parliotilarly 
wheii we consiiler reflection from the rej*ion from 
which the radio waves are usnally returned, where 
1 + « is negative. 

bet IIS now consider the conditions of rellectioii from 


this region ( I + o negative or 



These are 


1 + fl « - y, (positive sign before the radical) 
and 1 t- fl “ 0, (negative .sign before the radiivd). 


If, however, we consider the region vhere 1 -f o is 
positive, {. e., \ ^ then the condition for refleclion is 


1 + n - 0, (positive sign ) 


and 1 'fa— (negative sign). 

The above statements may seem conlradicttiry and ainhi- 
guoii^ but their import will be clear from the ili.spersinn 
curves in Fig 1, which have been drawn for the so called 
qiiasi-transverse case. »• e, '4 (J + -^'37. ****'<' 

friction term has been neglected (/<* - 1 + 1 ' .V), and 
the wave frequency is greater than the gyromagnetic 
frequeiic>'. In the diagram is plotted against .#• which 

is proportional to — -■ p ooii.stant). 

« ’ 

The curves are .self explanatory, the pli/g ami the 
minus signs indicating that to oht in ♦he respective 
portions of the curves the positive and the negative 
.sign before the radical have been used. The curious 
jumps which occur whenever the curves cross the line 

- 1 — I* = ] can he understood if we remeniher that 

ft 

on the left of the point O, 1 i a is negative and on 
the right of O it is positive. In carrying out the computa- 
tions it must further be remembered that the expresshiii 
under the radical has to be first evaluated by a.s.signing the 
prop:;r numerical values to the terms a, and pj. and the 
square root of same extracted afterwards ; the positive and 
negative signs before the radical give the two possible 
va1iie.s of the root. 


h'ig. 1, as pointed out before, is for the quasi-transvcrse 
ca.se. To study the transition from the quasi-transverse 
to the quasi-longitudinal case w’o examine Idg. 2. As the 
direction of propagation approaches more and more the 
direction of the magnetic field all the three curves change 
their .shapes and in the limit join up to form the two single 
lines AKi and die same time the asymptote UC 


of Fig. I gradually shifts towards the line OF and in the 
limit coincides with it. The line AMK, (Fig. 2) which 



cfni.sists really of a portion of AMO ami a portion of I'MKt 
is throughout given by the iieg.ative sign while the line AM, 
.straightens out and is given by the positive .sign. 

Now, it is customary to designate the two compoiients 
into which a wave is .*«j>lit up on entering the ionosphere as 
o* dinary ainl i xtraonliiiary. The ray, the condition of 
reflection of which is unafTecteil by the magneth: fielil, is 
called the ordinary and the one aiTected by the magnetre 
field is called the extraordinary. According to this defini- 
tion the ray reflected from the jioint O (l‘ig. 1) is ordinary' 
and that from the points Fi and F., is extraordinary. If, 
however, \%e confine our attentirm to the region in which 


varies from 


Oto 




we might say that the ray given 


by the negative sign before the radical is the ordinary and 
that given by the positive sign the extraordinary. In the 

Since, 


the reverse is the case. 


region where V '.- 

d.'TC*' 

however, in the longitudinal ca.se the whole of the curve 
AKi is obtained by using the ; egatiw sign and its earlier 

2 

portion ( .V ^ corresptmds U» the ordinary in the 

general c;isc, we may call the ray reflected from K, in the 
longitudinal case as tirdinary. This, however, is not 
justifiable if we reeall the definition that the onlinnry' ray is 
the one the reflection comlition of which is unaflected by 
the magnetic field. It must be borne in mind that in the 
({uasi-transverse case the ini>st impoitant portions of the 
curves are those lying on the left of OF where 1 -Ha is 
negative. It is from this region that rays are usually 
reflected. 


T«>shiiiwal, in carrying out his calculation.s, has presu- 
mably failed to lake this into account and has called the 
ray corresponding to the positive .sign before the radical 
{IS ordiiia y ami th.-it given by the negative .sign ns ex ni- 
ordiiiarv. lie has ]»ushed this convention regarding the 
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sijTiis still furth<*r and even when dealinji' with the quasi* 
longitudinal case calls the ray corresponding to the negative 
sign as c'xtraordinnry ; this is in contradiction with the 



current nomenclature. If this reversal of sign is taken into 
account the whole of the discrepancy between his and 
Hooker's absorption forniiilae disappears. 


II 

It is perhaps worthwhile to consider in a little more 
detail the points regarding the correct use of the signs 
referred to above. I,et us neglect friction and write 
equation (I) in the following binii : 


[ rt. 

and Vt niny considered as stationary for the range of 
vnliie.s considered since *t remains nearly equal to 1 ]. 

Now, taking the lower negative .sign in equation (5a), 
wo find that if m is small and negative and approaches zero 

then the two terms on the right hand 

side are of nearly equal itingnitudo; they nearly cancel out 
each other and .1) has a very sin.all negative value. This is 
the condition for points situated close to aii<l on the left of 
the point O (Fig. 1). If, however, /;/ is small and po.sitive 

iil approaches zero | is again |c 1 the two terms 

V »> / 

on the right hand side have the same .sign ( •— ) and they 
add up; I) has now a very large negative value ami 
approaches «: ^.s Hi approaches zero. This is the condition 
for points .situated close to and on the right of O (Idg. 1). 

Similar con.siderations taking the n})per positive sign 
before the radical explain the discontinuity at (>, ?. e. when 

I ! « = 0. 

If we want to pre.serve continuity in the curves then, 
when we pass through zero value of;// ( 1 I'* ) from 

negative to positive or positive to negative, wc must at the 
same lime change the sign before the railical positive to 
negative r negative to positive-- a.s the case may be. This is 
really wliat ought to be done, because, when the coeflTi- 
cient of I) in equation (Sb) is negative it sliouM be written 
in the form 


( r* » ') 




Vt’ 

(!+«)* 


I JVi. 


(r.) 


Coiisiiler the changes in its left hand member when 1 f' n 
in the right hand side passes through zero value, n remains 
very nearly equal to — 1 during this change and we can 
Write equation (5) in the form 


h 

m 



!- le 


I) 


(5a) 


1 )» t 0 . 

m 

the roots of which are () (Ic) 

the )>ositive sign !>efore the railical in cqiiatinn (.Sa) ci>rrcs- 
po ding to the negative sign in equation (5c) and vice versa. 
The necessity of reversing the .signs to maintain coiitiiiiiity 
has also been mentioneil by Booker, loc. cit. page 27.5. 
This uiiibiguily and source of confusion regarding the 
correct use of signs may be avoided if we remove from 

the coelBcient of I) the factor ^ wliicli 

/// 1 + M 

ebanging in sign. Thus if we write equation (5b) in the orin 

?// 1 )* + A I ) - ii/r 0, (r>ri ) 


The two values of 1) obviously satisfy the (|iindrntic 
equation 


D- + " 1) 


0 ...(rib) 


then the values of 1 ) arc given liy 


1 ) 


- A ! \//r -1-4 iii 'r 
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If now in changes from a small negative to a small positive 
value and passes through zero, the value of ]) for either 
the positive or the iiegati/e sign before the radical does 
not change discontinuniisly. This is what has been 
iloiie by RaleliflTe* in his piper on “Tin* Magneto Ionic 
Theory." 


KatcliiTe has written the magneto-irtiiic eijnation in the 
form 


. 1 _ _2r(l“.i) . 

“ 2i I - .!■) - 1 'y ^ + 4,/lH I - r? *•* ' ' 


where a, — , ?/ t . i . /- • The iijiper :in«l 

lower signs— negative ami positive — in this ecpiation 
corres}}ond to the ii])per and lower signs — positive ami 
negative— in equation ( ). If/#*-' is now plotted against r. 

the whole of the curve AOB is given by the lower 
positive sign while the two branches AMjC ami liFK, arc 
given by the upper negative sign (I'ig. 1). A dillictilty, 
however, may be experienced when considering the transi- 
tion into the longitudinal case when, tinlike the results 
obtained from equation (1), the w hole of the line AMF, is 
not obtained throughout by using the same sign (-ftv) in 
ecpiation (b) ; the portion AM is given by the positive sign 
while the portion MK, is given by the negative sign. Tli“ 
line AKi thus consists partly of ordinary (AM) and partly 
of extraordinary (Mb/s) of the dispersion curves. The rays 
reflected from the points Ei aiidli s should thus both he 
strictly called extraordinary’ rays, firstly because they both 
belong to the extraordinary branches of the dispersion 
curves and secomlly because their reflection conditions ae 
both aflecteil— and similarly so — by the magnetic field. 


The fact that neither of the lines AMP ami .\Ny in the 
longitudinal case is throughout given by one sign is often 
lo.st sight of when we write their eqiintioiis in the usual 
form 

/«* - 1 - , (T) 

1 I-// 


This form is not, however, strictly correct, if wc consider 
its derivation from equation (b). I'or the longitudinal ca.se 
ecpiation (fi) takes the form 


, , iMi-,.) 

''' 2 ( 1-!*:)- 1 


(«) 


We obtain eqii.atioii (7) from this if we cancel out I sc 
in the iitiiiieralor and denominator. This cancellation, how- 


ever, is not jii.stifialile because in tbe term '2yi^ (1 
only the magnitude of the factor (I - ./) is involved. Rat- 
clifle, in his paper mentioned above*, has onimitted to note 
this and in his ei|uatioii on ]i.'ige 350 for the loiigitiicliiinl 
case, wliicli is same as equation (8), dties not signify that 
only the magnitude of L*?//, (1 —a:) taken. Kqiiatioii 

(T) n.s .such is nevertheless obtained if we proc’eed after 
I/Orent/. lc» con.sider ]iropiigiUioii of wave in the direction 
of the magnetic field. The interpretation of this is obtained 
if we take into account the changes in the polari/atioii 
of the waves as we cross the line .r 1 (Sc*e the ]'a]>er i>f 
k.ilclifle refcrreil to above. ]>. 350). 


Ill 

Tc>shniwal has not put the correct interpretation on 
his results ns, in my opinion, his use of signs in eipiatioii 
(I) is not justified. It readily follows from hia con- 
vention of the signs that the ray he calls extraordinary 
should he reflecteil from a higher level of the iono.sphere, 
/.a., in stratification s))litting the extraordinary ray .should 
he more del.ayc'd. This is just the rerverse of what is usually' 
ol)servt*d. Again, according to his observations, the extra- 
ordinary ray which, according to his use of signs, .should 
be the longer delayed coinpinuMtt, is slri>nger than ordinary 
ray. This is what is usually obscrveil, only the bmger 
delayed oomponetil is called the onlinarv instead f»f extra- 
i»rdiiiary. 

In su)>port rif his observalioJis Tt>shiiiwal ()Uot(*s Kekers- 
ley’s results. Kckersley, h<»wever, in a subsequent note^ 
slates that there was an accUbmial reversal of sign wliieli 
was the cause of the disagreement with results obtained 
accorfling to the magneto ionic theory. 

Toshniwal further states that ‘‘it can hi* easily shown 
from equation (I) that in an ionized niOflinm the group 
velocity of the extraordinary ray is li ss lliaii that of the 
€>rdiiiary ray." The slalemeiit as far as the relative group 
velocities of the two rays are einicerneil is quite correct, 
but tills cannot be sliow-ii frofii ///a ii.se of sigti.s, viz., the 
po.sitive sign for the onlinarv ami the negative for tlic 
extraordinary in equation (1). 

llis observations on relative absor}>tions in gnnip- 
retardation splitting during day time presumably agree 
with those usually observed. Since, however, this 
apparently eoiitradicts his deductions from the 
wrong use of the signs he has atteiiipteil to explain 
the results by assuming that the range of integration 
of the ahsorptiuii of the extraordinary r.ay which, 
according to him, sboiihl begin from the level 
v - is greater than that of the ordinary ray. Hy the 

correct use #>( the sign, however, the level of maximum 
absorption of the extraonlinary ray comes out to be tlift; 
given by v -- yi - /»/.. The assuiiiptioii of greater range of 
integration therefore does iu)t hold. 
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\V« hope to ileal more fully in another paper the above 
points rejirardiiii; the iiiairnoto-ionic fonniiln taking account 
of the frictional lortii. 

I would lake this opportunity of thanking Prof. S. K. 
Mitra and Dr. II. Raksliit for discus.sion and for helpful 
interest in the work. 

\Virel«*ss Laboratory, J. Rhar. 

rnivensit}’ College of Science, 

02, Upper Circular Road, 

Calcutta. 

4. 12. 30. 

1. Toshniwal, SciKNCK ik Citi^turh, 2, 277, 103h. 

2. Booker, Pr'te. Kay. Soe. A ISO, 2h7, 

3. RatcliflTe. WirK Knq. aii<l Eorp*. Wirt . 10, 3S1, 1033. 

4. Kckerslev, Nature, i tt, 312, 1033 . 

On the Crystalline Constituents of 

Sr.se ft iittlirttot. 

I'rotii the fruit.s of S§»eli indicum we have been able 
to isolate two colourless crystalline substances. One of 
these, which melts at 117 — 8*, is obtained in a yield of 
1-3%. It ha.s the molecular formula It con- 

taiii.s no —OH or — OCIIj groHp.s, and behaves like a 
neutral unsaturated lactone. The second substance, bo- 
tained in a yield of 0 f)%, iiiclta at 183-4*. Analytical 
ilata agree with the foriiiiila C, |1I,0,(0C1I,). It is 
probably a furocouiiiarin isomeric with bergapten. Fur- 
ther experiments to elucidate the constitution of the 
compounds are in firogress. 

University College of Science, P. K. Bo.se. 

Calcutta. N. C. Ciuha. 

2 . 12 . Mu 

n Mote on the Peristaltic Movements of the 
JMimentary Canal of ParaUlphma (Oxiotelphusa) 
H^drodromm (Merbsty 

The passage of food in the mid-gut and the hind- 
gut is mainly brought about by the peristaltic movements 
of these regions. The.se movements are very feeble in 
the ca.se of the mid-gut. Uach peristaltic wave requires 
1.5 to 2 minutes for its completion. In he hind-gut 
these are very pronounced. 4 to 6 wav s per minute are 
produced in this case. As in the case of Nephrops 
(Yonge 1924)' each peristaltic wave starts in the anterior 
region of the hind-gut, (piite independent of those of 
the mid-gut, and proceeds posteriorly towards the anus. 
With every wave the anus is extended. It has been 
pointed out by ^'onge (1024)' that this pronounced and 


independent peristalsis of the hind-gut is due to the pre- 
sence of the layer of inner longitudinal muscles in its 
walls. 

Peristalsis of the mid- gut and hind-gut is partly regu- 
lated by an elaborate nerve plexus which has been ex- 
t naively investigated by Miller* (1010) and Alexandrowic/ 
(1 00*))* in the case of the crayfish and the lobster. Klee- 
tric.al excitation of the last abdoiirtial ganglion brings 
about an increaseil tone accompanied by an increase in 
the normal peristaltic rhythm. These movements continue 
even after the removal of the last abdominal ganglion. 
As in \ephrop.s (Vong 1924)' the peristalsis is not en- 
tirely dependent on the central nervous system. 

The author is not aware of any .studies relating to 
the elTect of any internal secretion on the peristaltic 
rhvthm in any decapod cru.stacean^. Perfusion of the iso- 
lated mid-gut and hind-gut by adrenaline with epinine 
brings about a remarkable increase in the normal peris- 
taltic rhythm. The mid-gut or the hind-gut was excised 
and placerl in a bath of saline medium in which the 
normal amplitude and frequency of the peristaltic move- 
ments are maintained. The medium w.as prepared in 
proportions by volume of .5/K molar solutions of NaCl 
200, MgCI, 40, KCI 2, CaCI, 2, Dextrose .3, with Na.HPO, 
to Ph’* The saline medium was aerate I by leading 
compressed air through a tube into the medium. Kach 
i olated region of the gut was ligatured at both ends 
with silk as in the ca.se of the guinea pig’s intestine 
(Hogben and Schlapp 1924)'. One end is flxed in the 
.saline medium while the other end is connected to the 
recording lever. Adrenaline and epinine in dilutions of 
1/80,000 and 1/10,000,00 were ttsed for perfusion. Nearly 
a minute lapsed before the action of the adrenaline 
.started. In the ca.se of the niid-gut the peristaltic ihytliiii 
is increased lo 7 to 8 waves per minute. In the hind-gut 
also considerable increa.se i.s effected. To begin with an 
irregularity in the movements was noticed. Uniform am- 
plitu«le and frequency were restored in two to three minutes. 

Det>artment of Zoology, A. R. Reddy. 

AnnamJai University, 

Annamalainagar. 

4. 11. 1930. 

1. Yonge, CM., “The mechanism of l‘‘eediiig. Diges- 
tion and As.similation in Nephropa Norwegicua" ■ 
Brit. J. Expat, Biol., 1., 1924. 

2. Miller, F. R., “On the Rhythmical Contractability 
of the Anal Musculature of the Crayfish and 
Lobster" . J. Phyaiol. 40., WO. 

5. Alexandrowicz J. S., “Zur Keiintnis des sympathis- 
chen Nervenaystems der Crustaceen". Zeit. f. Natur. 
45 . Jan. 1909. 
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4. The effects of many internal secretions ami drugs 
on the heart of a large number of crustaceans 
and the isolateil regions of the gut in other animals 
were studied extensively See Carlson, “On the 
Point of Action of Drugs on the Heart". Amer. 
Jour. Physiol ; fff, 1909. 

OtLskell “Adrenaline in Aniieli«ls." Journ. Gen, 
Physiol, 2, 1919. 


llogben and Hobson. ‘‘The Action of Pituitarv 
Hxtract and .\drenaline on the Contractile Tissues 
of Certain Invertcbrata". Brit. J. Exper. Biol. 
1924. 

Voting, “Movenients of Isol'itcil Small Intestine". 
Qmrt. Journ. Exp. Physiol. 8, 1915. 

5. llogben and Schlapi), "Studies on the Pituitary 
III". Quart. Jonrn. E.vp, Physiol, ti. 1924. 
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Recent Developments in Russian Plant Industry 


KaimI) flt'VolopincMit of plant iiuliisfry foiislitiilos 
an ini|)ortant foatiiro <»f <li<‘ Soviot ITnion’s sysUMii of 
planned oconoiiiy. 'Pho far-roacliiiijr cliaraotor of 
tlio rt'sulls obtained by Tliissian invostijrators in this 
fi<*ld has aroused world-wide interest ; and th<* 
Iinp(M‘ial Hiireanx of Plant fJenelies have rendered 
a real service* tei res(*areli workers outside* Russia by 
publishing a bulletin e>n Venmth.atinii am! I'hasir 
I)(!r€lnpiurH! of Piaoh,*' in whie*h the* ree*eiit Russian 
work has be*e*n aelc*epia(ely snniinarize*el. 

A e*le*ar re‘e*o^iiition of the? eliHe're'iie'e* be*twe*e*n 
the* growth anel eleveletpiiient ed an aiiinial se*e'd plant 
fe>rins the starting pennt of the*se re*inarkable* inve*s- 
ti{i:ation.s. Ry jrrf)\vth is unele>r.*<teH>d the incre*ase in 
weifijht anel veil nine* e»f tlie plant at any slaj^e - mere* 
epiantitative incivase with in> ehanji:e in the ]»hysio- 
lei^ieal e|iiality e)f the* plant tissue*. I)e*ve*lopnie>iib eai 
the* e)ther hand, de*note>s the stajre’s threuijjh whi<*li a 
plant inn.st ])a.ss in oreler te> attain maturity. TheM* 
staj^e’s repre*se»nt e|ualitative e*hanjue*s which shonlel 
be e*oinple*te?el before? se^e'dinj; can take* place*. ICach of 
these? stajje*s of elevclopine'iit ivepiires suitable* e*oneli- 
tiems elf teinpe*ratnre*, lijjcht, nioi.stnre*, and a<‘ration 
— eeinelitions which may iie»t be? favourable* tor the* 
greiwlh eif the iilant. 

When winte»r whe*at is seiwn in February en* e*arly 
March in ne)rthe*rn climate's, both jrnewth anel eli*ve*h»p- 
ment will be normal in .summer and the plant.s 


will all e*eime into ear anel proeliice normal se*i.*els. 
Ihit if the same? winte*r wheat is sown in s[)riii|^, 
the* plants that are* obtaine>el will re*main for an indeli- 
nite time* at the staj^e* of lilli*rinv:, /.c., tlie*ir j^rowtli 
e*e)ntiniie*s but ele‘veleipme*nt is arreste*<l. A phase? of 
eh*ve*le>|>me*nt de‘pe*neh*nl on low te*mp(‘ratiire* for its 
e*omple?‘.ie)n has be*e*n misseel and the* ]ilant re*mains 
immature*. The* te‘mperaliire be‘inyj the* jfove'rninjj; 
facteir, siie*h a phase* is e*alle'(l the* /herf/fosifftfe e.if 
eh*ve*le»pment. 

The* winti'i* whe*al is e*alle*el a lonjr elay e*e*re*al, 
be'caiise* it has be’cn e)bse*rve*el that this plant re*eniire‘S 
ceinelitiems of lon;j: elay illninination, e*]iaracte‘ristic 
eif iie>rllie*rn latitiielcs, in orele*r that it may e*ome intei 
e*ar. It’ jxrelWii in a te*n hour elay e*ve*n iine1e*r ceiiieli> 
tiems ve*ry faveuirable* for j^rowt h, tlie*y fail tei pro- 
ehie*e* .se*e*el. This inelicat(*s the e‘xiste*nce.? eif a se*e*onel 
sta^e* etf ele*ve*lopnu*nt, in whie?h the* pe'rieiel eif illnmi- 
iiatiein plays the* iinpeirtaiit iiart, anel which is 
thcre'fore ele*si«rnat«‘el the* pltntnshujv. 

It is be*lie*ve'el that in the* ele>vr*le)pnie*nt of the 
plain e*ach sta^e* mii.st be* e'omple'te*el be'feire* the* 
plant e*aii pass <iii to the* siie*ce*e‘eliny: sta^^e* eif ele*ve*leip- 
me*nt, anel all the* epialitative* e*haii^cs e‘harae*lc*ristie* 
e»f all the sta}jje*s eif de>ve*le)pme*nt mn.st be* jroiie 
through be'feire? the initials of the* vepreidne'tive* 
eirj^aiis e*an be? laiel elown. 'riie meist re*niarkable 
elise*eive*ry, in its etle*e*t on a^ricnltnral practie*e, has 
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boon tho fact that, flio time* rf*«|iiiro(l for tlio ooinplc- 
fioii of tlio tlioniiostaffo doos not dcpoiul upon t)io 
siz<» of th(5 plant. 1"lio fliantr<‘s in plant tissue 
cliaraotoristio of this sta^o can bo l)ronjrlit about in 
the growing; .seedling, in the sliglitly s]>rnnted seed, or 
even in a seed witli an embryo wliicli has jii.st 
coinmonco(i devo]opm(*nt bnt in>t broken the seed 
coat. The exporinicnfal comlitions f<»r vcrnalizaiion 
/>., oom])lot,ing I lie thorniosfage of the development 
of the plant in the seed itself, have to bo drlcrmined 
for each type of plant, bnt the underlying principle, in 
all ca.sos is that the dormancy of the embryo must 
bo broken, but the gniwth shoiilil be so retarded 
that the lhermostag(? of development is completed 
before tlie embryo pierces tin* s(»ed coat. Such 
s(*ods have already cea.scd to be seeds in the physio- 
logical sense and have b(‘come (‘rjiiivalciit to gn»w- 
iiig plants, though on easiial in.'^peeti<iii th(*so ])hiiits 
may dilVer in no res[)(*ct from tin* gniwing .seed. 

Tin* tiH'hniqiie of vernalization may be illiir^trated 
by outlining the process that has been adopted for 
se<!ds of winter \vh<*at. 100 Kg. of seeds are ma<le 
to absorb .‘17 litres of water and arc kept at a t(‘m- 
peratiin* of 7° to 10° for two or thr<*(* days for 
germination to begin. The temperatun* is then 
H'diiced to 0°- which arrests the growth of the 

embryo, but w’hich is most favourable bir the 
plction of the thermostage of d<;velopment. The 
length of expo.snre to this Inw temperatun* d(‘pends 
upon tin? genotype. The Avinter wheat Krytho- 
.spermiim Avas A’crnalized for varying lengths of time; 
only those which had liccn subject •.■d to Ioav lc*m- 
pcratiire for 41 days or more, when .sown in spring, 
came into ear. f/atc spring varieties of wheat 
require 10-1 o days of vernalization at o^-tj®. There 
should be pro[>cr aeration of seed during vernaliza- 
tion, and tin? treatment of tin; seed should be started 
at a time calculated to yield the tinishod product 
on the date of sowing. Mould development is gene- 
rally avoided by using only ln*althy iiiidamagrHl 
seeds; soaking in 'lii% formalin for three minutes, 
then washing with wab»r to remove the disinf<;(‘tant 
is also recommended. Vernalized sowings generally 
yield mature wheat plants about four months after 


the date of sowing, and the cnltivation of wheat can 
tlierefore be pushed up even to those northern lati- 
tudes whore the gniund remains free from siioav for 
four months in summer. The Peoples^ (yommissariat 
of AgrieiiUiire liaA’e ennducted exporinieiits in 25,000 
farms on an area of 500,000 hectares ; (?ompared Avith 
uiiA'crnalized sowings in control plots, an increase in 
grain yield of IT centners per hectare has been 
obtained as a result of vernalization. 

(N)tton seeds may be vernalized at a temperature 
of 22°-2.5°, and, depending on variety, vernalization 
is comph*tcd Avithiii 10 to 25 days. 'J'Ik; effect of 
the treatment on cotton, hoAvever, seems not so 
miicli to be in an acceleration of the inception of the 
phases of ilcA’clopnient as in the more ra]>id eomple- 
tioii of each phase. Compared Avith control plots, 
there i.s no significant earlier lloAVcr bud formation, 
but th(‘re was an iii(*rease in the yi(‘l(l of the first 
pick, A'arying from 25-f0%y. The oeonomii* impor- 
fariee of this result may bo appre<‘iatcd easily in 
those eonntries where, dm; to frcist setting in i*arly, 
the first pick is practically the; major yield.* 

Kqiially important results have; em(?rged from 
studies on the photostage? of developmonf. Fn the 
<*ase of long day (*ereals, it has boon found that, 
contrary to current opinion, the long day r(‘C|iiire- 
ineiit holds not for the entire ey«*lo of dcA'clopmeiit 
of siieli plants, bnt only during one parti<*nlar .stage 
preceding the formation of (*ar. In many eases of 
Aviiiter Avheat, 20 days of eontiiinoiis iilnmiiiatioii 
ha\'e been found snffi(*i(*iit. For the remainder of 
tin; life of the plant, light is only nee.(?ssary for 
photosynthesi.s. Plants of AA'intor Avheat, after 
passing through tin? th(‘rmostage and photristage, 
may efleet all the r(?mainiiig .stages of d(*velopment 
np to the rip(‘iiiiig of seed in southern latitudes under 
eoiiditioh of nhort day. 

1. In liengal experiments in growing cotton in the lateri- 
tie areas are in progress. The capacity of these soils for 
retaining moisture is very .small, and after November this 
soil becomes very dry and hard. Cotton growing in these 
areas can only be profitable if the first pick can be had 
within about a month of the cessation of the monsoon. 
The Russian experiments which resulted in a high yield 
of first pick before the onset of frost may point out the way 
for modiflcatton in agricultural practices which will result 
in higher yield before the onset of drought. 
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In contrast with winter wheat, we have another 
type of plants like millet, soyabean, maize etc., which 
are called short day plants. The «»ldc‘r idea was 
that these plants can only mature if they are exposed 
every day to alternate periods of lijrht and darkne^ss 
of almost the same duration. Itiissian exp<‘rinients 
have shown that these planks require, for this 
devciopiiiental stage that is peculiarly sensitive to 
light, continuous darkness and not an alternation of 
light and darkness. In many cases, a short day 
plant can, at this stage, tolerate a certain alternation 
of light and darkness, provided that the light periods 
are not too long. A discovery of great practi<*al 
value consists in the observation that seeds of short 
day plants, if kept in darkness for about 15 days 
after have* just begun to germinate, can ])e 

iudiicc^d to p;iss through th<‘ir photostage <?vcu befon* 
they are actually sown in the earth. 'I'liey can 
achiev<^ all their subsequent devclotmient under long 
day summer of nortlnu'ii latitudes at temperatures 
b<'twe<'u 15®-‘20°. Thus, many short <lay cereals, 
the iMiltivation of wlu'eh in the north of Itussia was 
unthinkable a f<*w years ;igo, .are now grown even in 
the .Arctic Zone. 

\ parallel line of investigation has for its object 
the shortening of the v<*getative cych‘ in the life of a 
plant between germin.ation and ri{>ening <»f seed. 
When cuttings were taken from a soyabean plant at 
successive points along the stem, the plants grown 
out (»f these ciittingH behaved ditteroiitly. Those 
from cuttings taken from above the point of inser- 
tion of the lirst lowering shoot all came intti flower 
very quickly, whercjis tlaise from below the fii’st 
flowering shoot were very much delayed in flowering; 
and the delay was greater according to the distance 
below the flowering shoot at which the cutting 
was taken. Jn other words, “in the life of 
the i)hint and its individual organs, there is a 
gradual completion of those* changes w'hich 
constitute the ditterent developmental .stages in 
such a way that the changes are most nearly 
complete in the youngest tissue. From this it 
is argued that those changes occur only in the 


cells of the gixnving point. Once tin* changes have 
ot'cuiTcd in the growing point, they arc transmitted 
to all cc'lls formed later from the growing point, so 
that diflerent parfs f»f the plant are at diirerent 
stages of preparjition for reproduction.” By pursu- 
ing these expcriineiits, soyabean plants have been 
gniwMi in the ctmtiimoiis summer light of the Arctic 
Zone, whii'h have shown accelerated flower forma- 
tion, tin* first bud qiiitt? td'ten appearing in the a.\il 
of the lirst h*af. 

h •ss rem.'irkabh* residts have been obtained 
with potato. 'Fhe present (‘ultivated varieties in 
Kiira^ia have been df*rived from a few cultivated 
types brought Imm tln'ir original home iii Peru and 
Bolivia. '1 lie Jbissiaii Iu!»til(itc of Plant Breeding 
wauled to give a lieltiT scope to tin* plant breeder 
by securing for him a wider choice of imilerial. 
Sonic yc;irs ago a Kiissiaii c'xpcditiim was sent to 
the Amies to eollect s|>ecinn‘ns of both wild and 
cidlivated point oirs from these regions, (inleker 
results can ho oblaiiied in (ilaiil breeding if tlirec 
or four generations can be grown in om* yi'ar. 'i'his 
n*siill has Im‘i*ii oblaineil in the whi*al by correct 
pn'trcatincnt of sei*d. In tin* casi* of potatoe.s, it 
has been found that if tin* InIxTs arc kept at 
for soim* lime in a covered ])ox where there is abnii- 
dant moistnn*, and then sprouted on wet lilter p.apcr 
in the gr<‘en'h«uise at l.'^-l’U®, the shoots iimnodiatc- 
ly formed flowers when only a few inches in 
length. Studies an* in progn*ss with the object 
of obtaining flower direct fnun the tiib(*r without 
the usual vegetative* cycle. The Polar Division of 
Plant Imlnsirv at Ilibny have discovered that, con- 
tniry to current opinion, the vast majority i)f pota- 
t«>es arc long day plants wh(*n grown at t(*inpcratnrf*s 
between 15^-21)°, ami yii*lds li.ivc been obtained in 
the Arctic Zoii<> which arc ngnlarly higher than lho.se 
from Odessa and Cancasiis. This (‘onjniiction id 
breeding ami vei'iializat ion t»lVcrs great [)«).ssibilitif‘s 
for the d(*velopinent i»f tin* vast inhospitable regi(»ns 
i»f tin* F.nrasiaii contim*iit Ixu’dcring on the .Vrctic 
Zone. .V mighty nation, awaken(*ii l»y ;i new <*om*ept 
of wiU'ld iirdi-r, havi* nmbilized their scientific re- 
sources to this <*ml, and victory appi*ars ti) bo 
already in sight. 
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Use of Isotopes as Indicators in 
Biological Research 

Hugust Krocjh 

PrufoiiHor of ZuophynioloKy, UuiverHity of CopenhaKon. 


I We print below ii lecture bv I’rof. Kro^'li of Copeiihaj;;eii 
given at tlie Harvanl Tercentenary Conferences of Arts ninl 
Sciences in September l*M(i. One of the outstainling prob- 
lems of biological research is to follow the ])roocsses by which 
living plant ainl animal tissues synthesi/e the various organic 
compounils from the nutritive material which are supplied to 
them, and how these compounds arc rlistribiited through the 
whole body subsei|uenlly. The jiroblein of following up is 
much sini])liiied if in the nutritive material either heavy 
hydrogen or radioactive isotopes »»f «dher elements are 
built in. The tissues can subse(|ucntlv be examined ftir the 
pr. sence of these isotopes by very .sensitive methods. l*rof. 
Krogh gives a very interesting account of this new line 
of research which has been made possible by the pioneer 
work of TIevesy. - Editor.] 

Wini.Fl it is iin(1<ui1)todly triio tliat tlio oliicf tool 
niul woapnti ill ivscmivli is thought and ideas and 
that a large ainonnt of expiM-iineiital work in biology 
is inon* or less wasted for laek of thought, it is not 
les.s true that progress depcMids to a very large o.xtent 
upon methods and that ii(‘w iiudhods may open np 
new and fruitful fields. 

It is my task to-day to present some tlionght.s 
about a new and, as I believe, extremely powerful 
tool for biological and bioehemieal research : a small 
number of isotopes wliieh can be readily dist ingiiisli- 
ed and (inantitatively det(*rmined by relatively simple 
physieal means. 

How Isotopes simplify Research 

Isotopes are atomie spi-eies wliieli diller in weight 
but liav(‘ tla^ same nuelear eliarge and as a eon.se- 
iliieiiee. of this hist named property tliey are praeti- 
rally identical ehemieally and will behave in the 
s;ime way in orgaiiisms. I.stdope.s of l<*ad are avai- 
lable in nature which can be recognized and (pianti- 
tat.iv<*Iy determineil physically by their nidioaetivity, 
and rei'cnt pmgress is making available radioactive 


isotopes of a iinmlxu* of elements inelnding some of 
tho.se which are of special importaiiee in living 
oi*ga!iisms. 

The methods for recognizing and estimating 
radioactive snbstanees are liighly dc*velopc*d and 
easy of application, and minute amounts are siitli- 
eiiuit for (|nanlitative estimation. 

Early Work 

llevesy, himsf‘If a pioneer in the (‘hemieai and 
physieal stiuly of isotopes, was the first to se(» tlie 
possibilities otlered in biology by recMignizabh.* 
isotopes and maih* the (‘lassieal and fimdamental 
experiments with radioactive leail in 1021. 

AttiMiipts over several years to separate radium 
I) from lead by eliemii'al means had thoroughly 
eonvinei'd him of their identity, but the atoms of the 
one carried a label, s«) to speak, infli(‘ir radioactivity. 
When a plant is grown in a solution e«mtaining 
lead, this ehMiient will (‘liter tin* n»ots and become 
distribntiMl all throiigli fli(> plant where it (‘an be 
detected ehemieally and (l(‘t(‘rmin(*d (|iiantLtativ(‘Iy 
ill the ash of st(‘ms, h'aves, fruits and so on. If 
aft(*r a certain linn’ the ])hint is transferr(‘d to an 
ordinary mil ritiv(‘ M»Inti(»n eontainiiig no lead, the 
(fnantity <nic(* taken np is r(‘tain(‘d and one would 
assiiim* ii, to be firmly eombim'd. If a radioactivi* 
variety of l(*ad is used the d(‘t(‘etioii and estimation 
bee(»m(>s gr(‘atly simpliH(‘d, but the really important 
point is brought out when a plant is grown first in 
a soliilioii containing rodioaetivc l(‘ad, until ocpiili- 
brinm is reaeh(‘d, and then transb'rred to a solution 
with the .same eoneentralioii of ordinary lead and 
it is found that the radioaetiv(‘ atoms gradually 
I(‘ave the jilant and are regularly exchanged with 
the ordinary variety, that in other words l(*ad atoms 
are in r(‘ality never ti.\(*d anywhere, but are always 
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1 ) 1 ) tin; niovo lip and down tho ))lan1, to and IVoin tlio 
siiijrlo cells, to and from the orgaiiie lead (‘ompoiinds 
whieli are eontinnally formed and n*fnrmed. 'Fliis 
eoneept of the lability of eoinpniinds and mobility 
of atoms within the* liviiifj: organism is fini<l:imeiital 
and it has been broadened and deep(*ned by all 
siibseipient research. It turns mit in this particular 
ease that lead atoms in or^anh* eomhinathiii within 
a plant can also be (>xehaii^ed to some extent with 
other heavy nu^tals, espe<*ially copper. 

Radioactive Phosphorus and its Circulation 
in the System 

TiC»ad is a decidedly foreign siibstam'c within an 
oi’jraiiism, and it iniy:ht be thoiijrht that elements 
which W(Te normal constituents of the tissiif>> would 
setth* down iiH»re permanently. Preparinj*: a radio- 
active phosphorus isotope from ordinary siilpinii* 
IfevesY and his associati^s have nitili/i'd this Mib- 
stance for a number of (‘xpcniiiKMits both on ]>lanls 
ainl animals whi<‘h are still in pnijxress. I*rofer-M>r 
I levesy has kindly allowed me to mention soim* of 
his re.siilts. On plants the n'^iiilts eorrespond i-loselv 
to those obtained with lead ; pliosphonis atoms will 
travel cmistaiiily thron^hont the plant and be trans- 
ferred diirinj; }:n»wth from old h‘.ives in new and 
vice versa, showinjx mnch nawe extensive transports 
of substances fn»ni leaves to nM)(s as w<‘ll as from 
HHits to leav<'s than hitinn’to assumed. 

On animals it is found, and was p<Tliaps to be 
expected, that phosphorus introdma'd by inject imi 
is almost at om'c distribiit(‘d with (lie blood all over 
the* b«>dy and is excreted thri»ii;rh (he kidneys 
and also to some extent through (he mit. In one 
(‘.\p(‘rini(‘nt on a lininan snbje<'t *J(l..‘l p.<'. of the radio- 
active* pliosphorns in(ro<liic<‘d was eliminated in I 
days through theki<ln(*ys and -."i p.<*. through (he irnt. 
When in another e\p(*rim<*nt the ph(»s])liorns was 
tak(*n by month lo.r) p. e. w:is i*limina(ed throiiirh tin* 
^nt and 17.0 (hron^h the kidneys, showing that (piiti* 
:in appree'iable .ainomit had not b(*coine absorliral. 

.Most of the radioactivi* phosphorus introduced 
into a manmial leaves (In* blood within :i short tiiiif* 


cxchaiifviii}; with the pliosphorns of the tissues. 
The cxchaii«;c with the aiior^ranic phosphorus is 
almo.st instantam*(»us, but also tin* or^anicf ])hos> 
phoriis pres{‘nt in iniiseles and other e»r«xans (MUiies 
trradiially into an (‘xelian^e* e(|uilibrium with the 
radioactive ch*nu‘nts. 

To iiiy mind the most int(>n*stin^ n‘sult is the 
exti'iisivi* e*xehany:e taking place in bones and teeth. 
It is, of course*, well kiatwii that the* orjraiiisiu is able? 
t«» elraw upon the* see*h'tal syste*m as a rese*rvc e»f 
imw^anie salt.s, but e*ve‘n remeinberin}' this f have* 
n(‘Vcr be'fore* l>(‘e‘n abh* to look upon the ateiins 
ele*positi*d in prae*tie*ally insohibh* salts anel at a 
ee»nsieh*ral)h* dist.ance* from any bhioel vessels, in the 
(h'litinc for instanea*. as bein^T in eonst.'int interchange* 
with the* atoms of (he salts in sedation in tissue* 
Ihiiels anel blood. I'liis is hnwe*ve*r, what (he* (*xpe*ri- 
me*n(s edearly iiidie‘at<*. \Vh(‘n a sinjrlc dose of 
raelioae‘tive* phospliorns is ^ivi'ii to an aelidt rat and 
the* animal is kilh‘el afte*!* e>ne* we*e*k ‘Jb p.e*. eif (he 
elose* is found ii> (he* beinf*s, 0.‘J p.e*. in (he* ineilars, 
o..‘> p.e. in the* ine*isors (whie*h are* irfeiwinjj all (he* 
time*) anel p.e*. in the* live*r. \Vhe*n the* rat is 
alle)we*el to live* on for one* or twe> we'e*ks ineu'e* the, 
e*ont<*nt of radie>aetive* phosphorus (eorr(*«*te*el e»f 
e*oiirsi* for tin* re*y:nl:ir elecn‘.‘ise* in activity) ^railuallv 
elee*re*ase‘s, be*caiHe* re‘plae*e*il by the* etrdinary pln»s- 
fdmriis ed‘ the* die*t. This ele*e*re‘as(‘ is (‘oiispie'iienis in 
the*bone*s anel in the* liver, but h:is not so far been 
id)scrve*il in the* te*e*th whe*re* the* c>xf*han^i* is niue*h 
slowe*r. When (he* hniji ineiseirs are cut in pie*ei*s :mel 
(he* <>:rowin«i: roots, a mielelh* portion :inel the* tips, 
whie’h one* wmihl expe*e*t to be einite* outside* any 
e‘ire*ulation, are* e*\aniine‘el se*parate*ly it is foiinel (hat 
e*V4*n here* the* raelieiai'tive* phos|dieirus pi>ne*t rate's and 
an e*xe*han^e* take*s plae*e*. So far it has imt b<*<*n 
possible to e*\ainini‘ the* cnanie*l s(*paratcly and it is 
a matte*r lor e-emje'cture* whe*the*r e»r in»t this, (he* 
h.'ireh'st «d all tissne*s, is l.-dviii”; p;irl in tin? proe*e*sse*s 
ed* e'xedian.Lje*. 

In yonnjf rats tin* cxe-han^e* take*s pl:n*e* metre* 
e|uie*kly, as one woiilel e‘\iM*cl, ami re*lalive*ly metre* is 
take*!! np by the* (rretwin«r beine*s anel te*e*th, but em the* 
wheth* the* same* re'latienis are* etbse-rNe-el. 

Use of Heavy Hydrogen 

'Pin* he*avy liyelret^e*n isittetpe*, e‘:dle*d ele*u(e*rium 
to elistin^riii.sli it ctiiive*nie*ntly fritin (In* etrelinary 
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hydrojjcMi or protiiiin, is as an isotopo in a class hy 
itself. On account of tlio 100 ji.c. (lilVcnaice in 
atoinic wci^rlit iual (he fiict that I) and il may be 
prestMit and act as naked iiiicNm, its chemical be- 
haviour is not cxa(‘tly the same as that of protinm. 
Several ivactions carried out with deuterium are 
delinitely slower than the (‘orrespondiii^ ones with 
protinm. The rate <if hydrogenation of fats with 
deuterium ^as for instance is only about half the 
rate for protinm. The equilibrium constant of 
numerous r(‘a(‘tions in whii*h deuterium participates 
is inarkcHlly diHeriwit from that obtaiiu'd with 
pmtiiim. 

Several vital pnwesses ar<* slo\v<'d down by h<*avy 
W'atf‘r, deuterium oxide, and in hi^h (‘oiu'oiitnition 
it is harmful or (‘ven lethal to many organisms. 
With this as[)(Tt of tlu' problem I do not propose 
to deal. Tin* observations y:o to show that in 
coucentrations below 10 {u*., where tin* deuterium is 
mainly present as DIIO, heavy water behaves in the 
<ir}rauisiu just as ordinary wat<*r and <‘an safely be 
used as an indh'ator. Deiiteniim can be estimated 
with jrreat aciMiraey as “heavy water’* in mixtiirt's 
with ordinary wat<*r by speeilie gravity <let(M*miiia- 
tions and th<> chief dilbeulty is to purify the sample 
so that it contains only water. Tor the speeilie 
gravity flct4‘rininatioii its<‘lf, fairly simple m<‘thods 
are avalaible whi<‘h are aecnrati* to the lith decimal 
place correspoialinir to 0.001 p.e. heavy water in 
samples (‘ontainin^ from 0 to o p.e. over and above 
the O.Of) p.«». present in all natural waters. The 
falling drop method of Harbour can attain this 
accuracy. 

Heavy wat(*r can be ntili/ed in the study of a 
variety of biological prolilems. It was sluovii by 
ll(!vesy ami lloferthat D^O <>ither taken by month 
or, in aquatic animals, dilliisin^ in throii<rh the 
iiite^uiiKMits and {rills is rapidly and (*veuly distri- 
buted all over the body so that the concentration in 
the urine im'asiires ('xat'lly tin* concentration in all 
the water in the body. We have att<*iiq»lcd in 
(!ollaboration with Ilcvesy to use 1)^0 to measure 
permeability, and inqiortant informations can be 
gained, but then* is a diiiuite limitation to its use. 


Tt can show whether a membi'ano is permeable to 
water or imt Fn the eggs (»f certain fishes, notably 
the trout, tln're is a stage in which the vitelline 
membrane is stat(*d to be impcTineable to water. Wo 
have (*onlirmed and extended this statement by 
means of Immediately after laying, trout 

eggs swell by taking up water. Heavy water will 
peiH*fnite at a rapidly de(*reasiug rate, and after a 
couple of hours the penetration ceases. When at 
this .stage trout eggs are transff»rred to a heavy water 
solution not a trace of DgO is found, even after a 
day or nuu*e, in the w’ater ttj be distilled off from the 
eggs jift^T they have bi*en washed superficially with 
ordinary water. At a nmeh later time, when the 
developmmit of the (*mbryo has reached the stage 
just visible to ey(*s, the membrane again becomes 
permeable so that w'at(‘r can i)ass in osmotically and, 
as no swelling is observed, excretion of water must 
be taking place. In all cases where it is desinible 
to find out (|ualitativ(‘ly whetluT or not water can 
penetmtf^ a membrane flu* heavy w:it(‘r can be used 
as an indieatf»r of very high siMisilivily. 

Selective Permeability for Water 

In experiments on frogs we have been able to 
solve tin* much debated probhMii wdiether or not 
there is a s<‘h‘etlve permeability f«ir water in one 
direction. W’Ikmi the legs of a fnig are imiiKTsed in 
a known volume of, say II p.e. D^t), the rate at whu-h 
DyO diffuses in I'ati be ascfM’tained and compared 
with the rate at which it dilfiis<'s out, observed when 
a frog is saturated with II p.e. I);,!) anti tin* legs 
immersed in I !:>(). .Ml :!ir experiments made goto 
show that there is no significant tlilfcreiice in the 
diffusion r:it(>s outside in or inside out. 

The diffusion rates measured with heavy water on 
living ineiiibraucs are tif a very low order compared, 
for instance, with collodiuin iiHMiibranes, but un- 
fortunately the heavy water cannot be used to mea- 
sure the rate at which water passt^s through a mem- 
brane* by osmotic pressure ditferonees. It is tempt- 
ing to assume that a certain c.oncent ration gradient, 
.say of one mole iier litn* of DyO, can cau.se the 
same movement f)f DyO molecules acro.ss a giv(*n 
ineinbraiK* as the water movement brought about by a 
prc*.s.sure difference <^f one mole of a sub.stance which 
cannot pass the membrane, but Jacobs lias pointed 


SCIENCE ft 
CULTURE 


334 



THE USE OF ISOTOPES AS INDICATORS IN 
BIOLOGICAL RESEARCH 

out thtit the coiidiiionH arc not eoinpaniblo inul it is 
certsiiii that in the eases exam hied by us, mainly on 
frog’s skin and on artituMal nuMiibranes, fho nites are 
very different and the osmotie water tnmsport lor a 
given pressure iliffenaiee generally larger, wliile the 
proportion varies from one membrane to aiutilier. 

Deuterium Indicator in Organic Metabolism 

A very lai-gi* and, as I belit*ve, very fruitful held 
of reseaivh is opened up by (he observa(it)n tlial an 
exchange will take pla<*** b tween tin* deiUerinni 
atoms of heavy water and certain protiiim atoms <if 
organic* substance's. 

If a d<‘Hiiite amount of an organic siibstance, a 
protein say, is diss«)lved in a suitable amount of 
water with a known content of D^O and the wati*!* 
thereupon distilled oil* the conlcMit is found to 

be reduced, and when (he dry r(*sidue is burnt and 
the water formed by combustion from the hydrogen 
in the protein inoIccMde is also tested (la* missing 
J)y<) is found then*. 

At least with dilute solutions there is a ditinite 
relation betwee*!! the !);.() p<*rec*ntagf* of (la* com- 
bustion Avater and tla* DjO content of the water 
Avith Avhich the protein AVas in (*(|uilibriuni. For 
albinnin av** have found that the !>:;() <*ontent of the 
combustion Avater is It) p.c of the distillate, and Ave 
take this to mean (hat 40 p.e. of the hydrogen atoms 
ill the pndeiii are in a labile state whieh allows them 
to eontiinially ehaiige places with the hydrogen 
atoms of the siirroinidiiig wat(‘r. 

The experiments of Hoiihoetler and others have 
.shown (liat hydn»geii atoms direc'tly attached (<» (he 
carbon chain or ring are g<*iieially not liabh* to ex- 
change, while the hyilrogeii of organic acitls, hydro- 
xyl, amino and aldehyde groups are n-adily <*x- 
ehaiigeable. Fii c<*rtaiii eases I'nnditions :ir<* more 
iH)m|)licated, as in tin* eiiol form of aeetfiiie or in 
maleic acid, Avh<*re om* or two hydrogen atoms arc 
readily exchangeable to the outside, Aviiile a sIoav 
cxehungf* can take place within the moleenie bet- 
ween this and all other hydrogen atoms. In suitable 

m 


conditions all the hydmgen atoms can tliereforc be 
exchanged Avith (Icntcrinni. 

Tn a rc*c(*iit paper by ^riin/.berg this slow ex- 
change Avas spci'ially studied on i)yrogaliic acid aamIIi 
the result that the exchange in .‘I hydroxyl groups 
Avas practically in'ilantaiieoii'i. One of the D atoms 
thus iiitrodiK'cd (‘oidd change places Avith one of the 
rix(‘<l IF atimis by a keto rearraiigc'iiient taking (ilace 
at intervals, and this again could I'hange place.s 
further by a spontaneous change in tin* place* of the 
iloiible bond, o«*einTiiig at very long intervals. The 
(iiial rc'siilt w;is that all the t» hydrog<*u abnns ceaild 
be ex(*haiiged, but. at onliiiary (e*uip(‘ratures this 
would take years. 

It is |iossihle to utilize eompoiiuds in AA'hieh 
deuterium atoms liave* l)(*eii built into stable piisi- 
tions and al.so tin* (*x(*liaiig(‘ proeess(*s themseU'es 
for the sf>Iiition of important bioeln'inieal problems. 

SflnH*idn‘imi*r :iiid Ritteuberg are weu'kiiig akmg 
tin* !ir.-t of these bin's, Hy tin* well known preicess 
of hydrogenation th(*y have built deut<*nnni atoms 
into lino(*ie a(*id and fed tin* deiiterinm eontaining 
fat to mi**(*. They exp(*et(*d to (iinl that small amounts 
of fat given to animals on an insiiilieieut diet Avonld 
he re*adily oxidiz'd, hut they did Hud that even in 
these eireTns‘;nn*es most of tin* fat Avas deposited 
before* being utilized. When tin* fat is hrokeii 
down ill tin* body tin* d<*ut<*rium is set free, as 
ln*avy water whieh will become uniformly ilistri- 
biitcd ill tin* body. Fn nits and mice in Avhich 
the !);,() eoiieeiitration w'as k(*pt, approximately 
eoiistaiit e>ver a perienl of a wei*k or 10 days aa^o 
( nssiiig and Krogh) found small amounts of 14 
in the body fats, indicating a new formation of 
fat from <*arbi)hydrate, a formation which it should 
be possible to nn'asiin* eiuaiititativ<*ly Avheii (he 
relative proportion of <h*u(erium in earholiydratc 
and ill fat formed from it eaii lie* determined. 
Sclio(>iilif*iiin*r and Ritteiiherg liiivi* also ree'cntly 
s«>lv«*d the long debated problem of desatiiration of 
fatty acids as a normal process in (he living organism 
by slmwiiig that when saturat<‘d fatly acids con- 
taining deuterium wen* fed to mice, and the body 
fats extracted after a suitable period and frac- 
lioiiat(‘d so as to separate saturated and desatii- 
rated acids, an appreciable ])roportion of the 
tlctilcrium Avas found in the desatiirated fraction. 
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aiul liavo p(»iiitr(l out 

the jjfroat possibililios for stiulyinir intmnodiary 
inotaboliKin opcii(><1 by iiitrodnciiitr into tlio body 
Hiibstaii(‘('s siisp(‘(‘t(‘d of links in tlio (diaiii 

of coiivorsioii and liavinj; tlioso “labcllod” with 
d(Mit(‘niiin ill a stabh* position. WIkmi this I) is 
iiftmvards found in tin* normal nid prodiu't (»f 
till* sori(‘s at loast tin* possibility oftho conviTsioii 
in till* body is provi'd. 'I'licy liavn applied tin* 
pro(»(»dnrf? in tin* l•Iloll•st^rol-l•op|•ostf*roI s<*rios with 
vory promisinjr results and I am oonvineed that 
they have hit upon a prineiple of very jjeneral 
aptilieability. 1 expect that in a imt too distant 
future a series of or^auie siibstaiiees eoutainiiijr 
1) atoms in suitable stabh* positions will bei'ome 
available <‘oninn‘r(‘ially. 

In my laboratory I'ssin^r ninl myself, in re- 
gular eonsultatioii with Tb'vesy, have made a 
number of preliminary experinn*iits aloiij^ the 
second line indicated. We exposed organisms to 
defiuite cone<‘iitrati<ms of to study the ex- 

ehan^e between the water and tissue substances. 
We hoped to In* able t<» distiuy:uish between a 
more or h*ss permaiieiit uptake of deuterium by 
new formation of tissin* elements and a simple 
pxchaujic, of the satin* type as that observed in 
vitro, but possibly dinerc*ut in amount owin^ to 
essf-iitial dillerenees in eonstitiition between pro- 
teins as isolatc'd and proteins built into living 
systems. 

Our tirst experiment was done on fo'ir ciiuai 
lots of peas wliii’li were sfiak<'d in water con- 
taining l)j() and then aliow<*d to sprout in the 
dark for dillerent lengths of time up to 10 days, 
('ontrary to our expe<'tation tin* maximum of deii- 
tcriiim in the ilry substance was found just after 
soaking W'licn denleriimi was |)res<>nt in the dry 
substance corresponding to an exchaiij^e pereentajre 
of ‘JO. I/, iter oil about Jt) p. c. w<*re foiiinl so that 
apparently at least, no building in of deiiti'i'iiim into 
stable pc»sitions to«)k plan*. 

Krojrs were saturated with about l.*J p. c. 
which is accomplished simply In* ke(*piu^ a small 
amount of wat(‘r with an appropriate peref>nta<re 


circulating about them for several days. One 
fro|r was killed and analyxinl while exposed in 
this way, and another transferred to a small volume 
of ordinary water brinj^in^ tin* concentration down 
to approxiniat(*ly O’l p. c.. fii both cases the 
percenta;;o saturation of the combustion water 
corresponded to 150 p. e. showing, ap])ar(*ntly, that 
we have to do, at least in the main, with a simple 
reversible exchange. 

In a series of experiments on rats and mice 
kept in a (*a^c in a sealed m(*tabolisui chamber and 
maintained for varying len|rtlis of time at an 
ap])roxiniately constant concentration of DaO in 
their body fluids the deuterium coneentrations in 
.single dry oryjans were measured and compared 
with till* concentrations in the distillates from them, 
whii'li were always identi(*al for the whole body. 
In most origans a ri*nular (*xchanj|;e took place, 
so that an approximate equilibriiini in tin* neigh- 
bourhood of ;")() p. c. was reai'hed within a lew 
days, but tin* muscles behaved dillerently. In the 
first experiments which lasted a week or more, the 
deiiteriiini concent ration ri‘achifd vi'ry liitjh lijj;urcs 
of about 7t) p. c., but tin* im*rease was very slow 
as shown in a one day exp(*riment on a rat in 
which till* musch's had reach(*d only 111 p. c. w'heii 
the liver was 47. .\n ex|)eriuient on three mice 

is especially instructive. 4'hese mice were brought 
by injection to about the same (*oncentration of 
l).j() and kept together in the same metabolism 
chamber. Oni* w.is killed after 1 day and showed 
ill the proteins of mi'srh* and bone an exchange 
of 11 p. c. while in the internal organs it had 
reached JO ji. c.. "riie second mouse was killed 
after 4 days when tin* |)ercciilaj];e saturation in tin* 
iniiscle and bones was Jo p. c. and in the internal 
orj^aiis ;57. "riie remaininjj: mouse was now 
onlinary water to drink which in .o ilays reduced 
tin* conc(*ntration of I)j() in the body fluids from 
about J to about 1 p. c. The d(*iiteriuni content 
in tin; proteins of the internal organs went down 
very nearly in tin* same proportion, showdiiji; now 
a ft) p. c. concentration, but in the iiiusch* (and 
bmn*) tin* absolute content of I) went iq) further, 
raising tin* proportion to 7f) p. c. 

It seems out of tin* question that a bri'akdowu 
and rei'onst ruction of iniisciihir tissue should iiroceed 
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at anythin}^ liko fills ratr, and \v<* aiv mnindod of 
Iho slow oxc'haiijjo taking i>la(*o witliin ihoIimmiIcs 
rofeiTcd to abovo. An oxcliaiiKO of tins type* inijrlit 
ill tlio living orjranisni bo eoirolatod with tho arti- 
vity and to tost this snspioidii tin* I'ollowinjr oxpm-i- 
inent won* inado ini IVojrs with a siiitablo i‘ono(Mitra< 
lion of DyO, ill wbioli oiu* lojr was donorvatod 
whiio tlio otlior was stiinulab'd to 1>vitoli(^s at 
seconds intervals over ‘Jt lioiirs. Wo found an (‘x- 
change of about i) p.c*. in tlie io^ ko{it ((iiif't and 
V2 p.<*. in tho lojr \vhieli had porfonnod about iltJtMM) 
twitches with an afjjircjratc duration of loss than 
.'lO iiilnntos. 

It <*annot be siilliciontly oiiiphasi/.ed that tho 
cxporimeiils so far made arc prciiiiiinary and ten- 
tative. At the same time it socnis to mo that tin* 
<<;<‘noral lability of substances and tissues in the 
organism alnsnly revealed is of very }*:reat si*»iiili- 
eanco and that we may look forward to important 
devf‘lopnients. 

With regard to the ntili/.ation of heavy water as 
an in<li<‘at4)r w<* are stronjrly in iie<‘d of a <*omprehen- 
sive study of the i»xchan^e in ]n*oti‘in snl»tamM*s in 
vitro both static and dynainic, studying the infliKan'o 
of <‘onditions like pHi tmiipio'atiire, salts and so on 
on tiu‘ tinal eijiiilibrinm and the rate at which it is 
approach(‘d. 

limitations to the Use of Deuterium as Indicators 

1'lnTC are I believe {rrr-at pos.sibiliti(*s for the 
further use of the hydro;;en isotope in biolojiy, but 
it must 1)(! admitted that the somewhat emnbersoim* 
t(‘chni(ine of imriiication and determination of tin* 
deuterium oxide is in the way of rapid progress 
alonjr this line. 


Prom ilnV ^^reat eonntry with it.'^ enornnms re- 
sources we may perhaps even look forward to tin? 
separation of other biologically important isotopes 
whh'h can be determined by speeilie gravity me- 
thods. Still I. think that the radioactive isfitopes 
are likely to become of paramount impf>rtan<'e 
be<*aiise the determination is comparativ(‘Iy t'asy and 
tin* activity remains niiatleeted by any ehenii(‘ai 
tn*atm(‘iit including; bnriiin;j;. 

I'he radioactive' isotop«*s to be used in bi«ih»}ry 
must possess a fairly st ronjr activity which y;<*iierally 
iin*ans a slmrt radioactive* life*. ( )n tin* e>th(‘r hand 
the life, as e‘harae‘te‘ri/.e‘d by the* time e»f ri*diie'tion e»f 
the activity to one half e*an e*asily be*e‘ome toe» sheirt 
Ibr biolo^ie'al eir eve*ii e‘hemie‘al purposes. 

A larjjje* nnmbe‘r of isotope*s have^ be*e*n pre*par(*el 
with half p(*rie>ds betwe*e*n a frae'tioii of a sc'eemd te> a 
lew hours, '^rin'se* will iie»t as a rule be? availalile fen* 
bieilo^ical ri*s(*are‘h. 

'I'Ik* half p(‘rioel of radie»a(*tive* le*ad is Hi ye*ars 
and e»f iiheisplmrns Hi days which is ve‘ry (*emv<‘nie'iit. 
Ibr emr pnri)ose*s. A raelioactivi* sulphur e*an be? 
y:<‘ne*rale*d having; a half iierienl of lit) elays and 
re*porls are* pre^sented of e*arbon with a somewhat 
similar lem^lli ed' life. 

I am exe*e>ptionally fortunate? in having: b(*i*ome 
assewiate'el with Professeir Ileve'sy and through him 
also with I5ohr. The study e»f radioactive* isotopi*s 
is to be* pnshe*d forward in (^)lH*nha.lre•n and a pow- 
erful plant is bcinjr ere*e*te*il for their •j;ene*ration. 
We* are elctermiin*il t«» ele» the best we^ e*an, but we* 
ceirdiaiiy invite* beith e'eimpedition, e?o-e)p(‘ratie>n and 
criticism.* 


* l*tinte.*«l willi the kiiul i>crnnssiciii <jf the l)ire*cl«ir e.>f the 
Ilarviirel Tercentenary Celel)ratu>n. 
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S. S. Ciuhci Scirl<ar 

DopartMirnt of Chemidlry, ITnivcrHity of Unrcii. 


Till-; study «d’ si*.\ii:d drvclnpiiipiit lias 
acquired a nuw and vivid interest as the n‘sid( 

of invosti^atioiis oii tlic isolation and (‘iiai'ac‘tri‘i/a- 
ti*)ii of certain distinct <*lii‘inical entities from the 
sex-filaiids tliemsf'lves, as \v»'ll as from sjiiih* nthci* 
more* imlireet sonn*es. 

We may, for the proper iindiTstandin;; of flie 
subject, lirst <-onsi<ler some of the structural and 
functional chan;fcs assoeiateil with the disease, <lis- 
fnin'tion, or nanoval of the main <r(‘nerative organs 
th(‘ testis in the male or the ovary in the female. 

'riiis brings ns to the |>robh*m of castration or 
stcrilixation about which we are hearim; a irood 
(h‘al nowadays. < astration of animals has been 
resortc'd to ill practically all a^ri<‘nltnral countries 
from very I'arly times, and tin* <*astration of man has 
also b('en practised and tin* r(‘snlts observed from 
time immemorial. In some countries this ha^ been 
done out of reliLdons iK^liefs, e, //. amoim; a Ibis.'^ian 
n'liijions sect called the “Skopt/.s,” and also 
under tin- Clmi’ch of Iiome as late as bsTl) in oidiT 
to <*onser\’e the l)i;;li-pitclied .'.injriiiy; voice** of (he 
boys of a famoii- choir. ( ’a refill re<*ent observation 
has shown that pre-pnberal castration leads to an 
underdevelopment of the seminal vcsi<'le>, prostrate, 
and the (‘xtei'iial u'cnitals. 'riieri' is no (h‘V<'lopmenl 
of hair on th(' fa(‘e. there is ai'ciimiilation of fat in 
the .u;In((‘al ri'^ion, niidcr the breast, in the aixloiiiin- 
al wall, and on (he face. TIk* j^rowth of the Ion*; 
boni's is (‘oiitimicd beyond the usual time, ;rivinii: a 
irreat height. 'The voi«‘e is like that of a child or of 
a woman. 'I'lie intiOli^ence is not atVected, but 
there is a certain apathy and sonietinu's nervous 
disturbance. 

Post-piilx-ral castration may leatl even in more 
or h‘ss well-developed individuals (o an almost com- 
plct<‘ disappearance of (he bi'ard. to the depositimi 
of fat. to the absem'e of the s(*xual libido, and the 


pow<*r id' sexual union, 'riiis led Liehteiistein, as 
<‘arly as Iblti, to indi(‘atf‘ the desirability cd’ eastra- 
tion in sexual criminals. 

Post-pnberal east ration in women, on a(*eonnt of 
di.sease or on other grounds, does not j^ivii uni- 
form l•esnl(s. ( leni'i'ally, therr* is an atro|)hy id' the 
genital organs, of the uterus, the shortage of mens- 
trual flow, aecnmnlation of fat due to diminished 
oxygen intake, and some «rrowtli of hair on the face. 
I'liere also appear certain nervous distnrbanees, but 
the iiitellitjence is not a fleeted. TImre is a voliimi- 
lions literature on the study of the eilect of castra- 
tion in male and female animals, binl.s, and insects, 
and one is siio<>ked at tin* ap)>arently li^ht -hearted 
manner in which animals have been killed oi* 
maimed for e\)M>rimen(al purposes in ordca* to find 
out e.vactly the r(‘lation between the .se.v-iilands and 
other eiidocrene oriraiis -the pituitary, tin* thyroid, 
the adrenals, etc*, on the one hand, :ind the moi'pho- 
loiry, physio|oy:v and psycholo»»:y of man and other 
animals on the other. It is concluded that not only 
the j^enital orirans but th(‘ entire sex-character (pri- 
mary and seeondary) are initnenced by the se\-«;lands 
which initiate' and stimnlatethese characters and keep 
them in a state* of ma.%imnm di'velopmi'nt. 

It wa'^ believed at oiii' time that castration 
Icatls ti) t he appeai'aiice id'ihe opposite si'X, but it 
is now ;r«'nerally .lerecd (hat (In* castrate ap- 
proaches .1 common, neutral, asexual child-type not 
p<'<*nliar to either sex. 

In onler to understand better what exact por- 
tion of the s(‘x apparatus is responsible fi>r the 
developemcnt of sex-character, many experiments on 
complete, unilateral, and bilateral castrations and 
on the transplantation of the gonads into the cas- 
trate have been carried out on iikmi and animals of 
most varied type.s. Similarly, a lar^e number of 
iiivi'sti^ations have been made on the cHect of feeil- 
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iii^ of iissiios tiiid of the of 

JU'tivo fxtnu'ts into and roni|)l(*to 

A siirprisinjrly lai*jrc ninnlxT of siic<-(*ssfii! honi‘tiri:il 
triiiisplaiitations have? I)(h*ii reportrd l)y Liolilcnsfcin. 
St(*in:icli, and inoro rc<*i*ii(ly l)y \'oronolV. 'TIh'm* 
oxporiincnts liavc clearly bron^lit out flu* iiiiportaiiec 
of the internal secretions of tlie s<‘x-trlands in prtwhie- 
in^ and inaintainin^ se.\-eharaet<‘rs and tin* iiah*’ 
peiidenee <»f these eliaii^es of any nervous reflex 
starting in these <rlands. A siM*eessfiil festieiilar 
tjraft tni a male castrate hi-in^s back the se\-ehara<*- 
ters lost or inodil'aMl and also r«*vives sexual de>ire 
and s(>.viial activity. It also produces a r<*a|»pear- 
anc(' of the hair on the fac(‘, the disap|H‘arancc of 
.‘U'ciminlated fat and a chaiijre in the voi«‘e. Kven 
old and senile men and animals have been treated 
with beiH‘ticial results, 'rhese improveiiKaits. how- 
ever, do not persist iiuh'linitely, but only so loiitr as 
the ^raft remains functional in [irodiK'in;; the cheini 
cal laalies or hormones to wliieli their action^ 
an* due, 

( )vari:in transplantations liave al>o been made, 
roultin^ in tin* prev<*ntion of the atrophy of the 
^(‘iiitals, uterus, and mammary glands, in I la* return 
of meii.striiation and otla*!* <‘ompen.satory chan^e.<^ in 
the femah* castrate. Kveii in the male it !ias l(‘d to 
a d<!velopment of fat under tin* breast and a jrc-neral 
femini/ation. In this respect the ovary acts a> 
the antithesis of tin* te.stis. 

Keedinjr experiments with M*x-jrland> have not 
led to uniformly useful rr'siilts, and the same remark 
appli(*s to the injection •d’ aipieous and ”;lycerine 
extracts of tin* orjjtans. 'I'hc latter ])ractiec is com- 
plicated by the fact that water or dilut** y:ly»*eriiie 
extracts also the [iroteins fnuu the ^laiiils, and tlH*.«e, 
as is well know'll, produce anaphylaxis or protein 
shock. I *nd(*r favourable conditions, however, some 
very satisfactory results have been reported in 
birds and mammals by Pe/aid, Sleinaeh and other.-. 
I'he.se and other experiments not only d(*mon.M rated 
the |>re.s(*iic(* of actual hormones of a purely cdicmi- 
cal nature in the glands but also emphasi/.ed 
the improtanci* of .sorm* other endocrine ortrans in 
the mainitMiaiicc of s(‘x-character. Ihit whereas the 


expiration, disfunction, or <liseasc of the otln*r eiiilo- 
«*riini orjxaiis Icail y:eiH*rally to marki'd and W’ide- 
spread pathological chany:(*s in tin* ortraiiisiii (‘iirable 
only by traiisplaiilal ion or injection of extract of 
the irlands (‘onceriied, similar extirpation i»f tin* .sex- 
irlaiids docs not lead to wides|>r(‘ad morbiil changes 
but only to -Irnetiiral and fmielional alterations 
as.soeiated dire<*fly with the y:em*rafive proi'ess. 'rin* 
ovary and tin* testis hav<*, therefore, a specific sexual 
eflci-i feinaleiiess depending on the ovary and niale- 
ness on the tc*stis. 

\ ureat deal of eoiit ro\ ei'<^y aial a ho.-t of (‘xperi- 
nieiits on animals and men hav«‘ now' ch*arly 
i‘stabli-hed the fact that, whereas the si'minifcM'oiis 
tubule- witli tlieir duels are concerned with the 
elaboration of the conipmient of the .senn*n and 
-peeially of tin* spermato/oa, tiu'y play practically 
no part in producing: the .-^ex-.-peeilie hormone or 
horniou(‘s. Similarly, the formation and maturation 
of the ovum an* due to ehaii^(*s that take place 
ill the graafian folli<*le. 'I’lie.-e part- id the gonad- 
al ti— lies have, tii<*refor(*. mainly a ireiierative 
fiinetion. "The formation of tin* liornioin‘s actually 
lake- place in the inter-titial cells of the t(*stis 
or the ovary. 'Tlii^ explain- wh\. (‘ven wln*n 
spermat«>y:ene-i- i- brought to an end by the litrn- 
tun* of the va- deferens. b> disea-e (like* tub<*r- 
(•ulosis), b\ tin* action of .\-rays, or by ehnmic 
alcoholi-ni, then* an* no -i;j:ns of castration in the 
male. ( >n tin* contrary, then* may arise a hyp(*r- 
trophy «>f the iiite*r.stitial e*«*lls umh'i* the.-e (*ondilions, 
h*adiiej: to an int(*usirK‘alinn e»f tin* sexual impulse, 
'riiis fai't ha- lM*i*n lake*n advaiitajL^e* of by 'rhon*k 
in re-toriiiy; pot(*in*y in an ape, previoii.-ly <‘astrat(*il, 
hy eii^rraftin^' a human crypton*liie te.-tich* (in 
whie’h -permatoe;(*nesis had not yet b«*en established). 
Kxpe*rinien(.- by Steinach with transplanleel t<*s- 
li<*h*s (in w'hich tin* seminiferoii- tubuh*s e:ein*rally 
atrophy and are uiifuin*l ional) fully corroborate* 
the* vii-w that the* de‘i»Tee* eif de*ve*le»pment e»f the* 

-e*x-cl.arae*(ers ele‘pe*ud em tin* de*‘;i e»f de*ve*leip‘- 

iin*ut of tin* inti*rstitial ti--ue*. K\pe rinie*nts w'ith 
X-rays -uppeu'l this vie*w. d’ln'-e* rays have* .se|e*e*' 
tive* a<*tie>ii ill the* tubule*.-, and erne* eir me>re* appli- 
eatieuis may cause* I'emiple'te* -te-rility witlnait in- 
te*rferin!j: W'ith se*xual ae-ti\ity, be*e*ause* tin* inte*r- 
stitial e*e*ll.s an* uuharnie*d. 'I'liis spe*e*ilie* ae*tie)n e»f 
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the tissue lias a(‘qiiiir(l tor it th(i naino ‘puberty 
^laiid*. It is interestiiiji: to know that there arc 
two (listiiiet climaxes in tlie sexual maturity in 
the male, one taking place at a certain stajje of 
embryonic development and the s(*cond one at the 
time known as puberty. Ik)th these climaxes refer 
to the interstitial tissue, but the second climax 
synchronizes Avilh a rapid jjroAvth of the i;en(‘rati\*c 
part of the frlaiid in the semiiiii'eroiis tubules. 
Ily an intcriilay of these tAVo specialized portions 
of tin; {rland there arises at the onset of sperma- 
tojr(«iiesis a full functional (hwelopment in the 
interstitial tissue as aa’cII. 

Tn the female the foIIi<*h* is the endocriin* appa- 
ratus of the oA’ary, but the ovum itself is not net*es- 
sary for the proihn'tion of the hormone. In the 
female there is not that clear din'erentiation of the 
‘generative from the s(»crelory tissue, Avhich aa'c find 
in the mah*. Tin; rapidly proliferatiiijr epitlnOial 
<*ells of tin; follicle take up this function after the 
libenitioii of the oa'uiu, and the corpus lutemn so 
formed fjo on secretinji: the hormone till the time 
is ripi! for the next oA’iilation. Hosid<‘s the corpus 
tln‘r<* are in the ovary, before puberty, epitheloid 
cells with fatty luteiii*like inclusions, Avhich increase, 
ill number till puberty and attain their j!;rcat- 
<'st developiiKMit during preji:nan<‘y. Tln*se become 
atrophied at climacteric and correspond to the 
interstitial tissue in the testis, '^fln; action of X-ray' 
on the ovary is also eontined to the generative part, 
the interstitial cells nn<lcr^oiu}j; hypertrophy'. \o 
sijriis of castration, tlierelorc, follow irradiation, but 
there is a marked development of tin; uterus and 
the mammary ^land. 

Many experiiinaits on tin; ^raftinu: of OA’aries on 
the male and teiiiale animals of the same, or ditVerent 
species have shoAvn that sueh a process has a dis- 
tinct feminizing eIVcct, just as the j^raftinj^; of the 
testis produces ma.sculinizat ion. All these facts prove 
that the intia-stitial cells derived from tin; follu'les 
of the ovary also elaborate a sex-speeilie horiiionc in 
the femah*. 

]h-oAA'n-Sc(iuard AA'as tin; first biologist to try the 
eifcct of tin; injection of the extract of the testis 


into a man (in this case, himself) when he was about 
72 y cal's old (1880) and described the beneficial 
results on the mental and physical capacities. These 
results are now regarded as being due to psycholo- 
gical rather than biological causes, as the method of 
extraction adoptiMl by him AA'ould not app(‘ar to ha\'e 
been A’cry effective. Inde(;d, so long as the extracts 
were made with AA'ater or physiological saline, the 
results were variable, but on replacing this solviait by 
ah‘ohr>l, ether, and specially clilorofonii, more con- 
sistent results AA'cre obtained, b'cliner and llerniann 
ill this AA'ay obtained extracts of placenta, ovaries, 
e‘»rpora liitea and of nonqiregnant uterus. They 
found the extrai't active in producing hypta'aiania and 
miisenlar thickening in the uterus, increased groAvth 
of the mammary glands and of the nipplf;s. On the 
ea.slrat(*d animals .also these extracts |)roA'cd very 
active and inaile the signs of castration disappear 
quickly. Testicular extracts Avere also found to 
promote uterine and mammary de\'elopnient, so that 
the female hormone may be present in lesser qiiaii- 
(i(i<'s in the. malfs On the other hand, ovarian 
f‘xtracts AA'cre found tt> have an inhibiting action on 
the testicle, 'riiis shows there are in these extracts 
not one but more snbsUinc(‘s, each Avitli a specific 
action of its own. 

The presence; of an ocstriis-prodiicing (heat- 
producing) hormone; in the urine of pregnant Avomcn 
Avas first sIioaa'u in 11)27 by A<‘licim and /ondek. 
Tn 11)29 several AA'orkc*rs isolated the fcMiiah; horinoiic 
in a crystalline condition. Tims, Jiiitcnaiidt. purified 
and analyzed it and .'^tudi(*d many of its cluMiiical 
rcaction.s. Ili; sho\V(‘d it to haA'<' an m. p. ed' 
2 1 and to possess oik; Oil, one CO groiqi and 
three double bonds Avilh a molecular formula of 
Cij^Hy^O:;. I’liis Avas ind(‘pciidently isolated and 
crystallized by Alarnan from the same source to- 
gether Avilh anothf'r crystalline substance; (m. p. 
2Sl°(\ molecular formula On^lIaiOa with 9 OH 
groups, of Avhieli one aams phenolic in natiinO* Ihith 
these substance's could be rciieatcdly crystdlizcd 
Avithoiit loss of their actiA'ity. The second compound 
eonid he transformed into the first by dehytiratioii. 
The first was called the follicular hormone (dioxy- 
ocstrin) and the second siibstanc^e trioxy-oestrin). 
'I''h(; a<;tivity of the first is greater than that of the 
.second. 
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111 nddition to tho horiiioiio the authors isolated 
from the urine of pro^jiianey another pliysio- 
logieally iiiaetivc crystalline eonipoiind called 

pregnandiol (<-'21^3002) which was a saturated 
coinpoiiiid ami on oxidation gave a diketone 
(pregnaiidioiie), wdiich on reduction gave 

pregnane, the mother siibstaiie(‘ of the whole 
groii]) of compounds. A derivative of this was 
proved by niiteuandt to be indenti(*al with :iii oxida- 
tion imKhiet of a bile acid, and thus th<‘ sex hormone 
group was brought into relation with this important 
group of known e<iniplex <‘ompounds and a probable 
source of the hormones was indicated, 'riiese eom- 
])oiinds are, however, not present in male urim* or 
non-pregnant female iiriiK' or in the urine of mares. 
A large number of oestrogenic substaiu'es have* been 
discovenul in recent years. Kcpiilin prepared from 
the urine of pregnant mares has the empirical formula 
which has tw<i hydrogen atoms less than 
oestrom*. He<*(Mit work of David and <le Jong has 
shown that “eonilin compared with f»e.strone in 
eijuivalent dosage W’as more active in (irodmaiig 
oestrus in the <*astrated rat, uterine and to some 
extent vaginal growth, vaginal opening in the young 
ftaiiale rat inhibition of the testis and the male 
secondary organs of the male rat ami stimulation 
of the mammary glaml of the guinea pig.’^ 

Furth(*r work on the cluMnical reactions of thesi? 
substances together with a study of the X-ray 
crystallograiJiic, ineasiirements and other physical 
data have? enabh'd th<» authors to give very plausible 
forniiilae to tln‘se derivatives. 

A male sex hormone has also bec*ii obtained in a 
crystalline state by fliitcaiaiidt (lOJJ) from the male 
urine. This is related to the follicular hormone. 
It i.s a saturated hydroxy ketone 'with no acidic 
])roperties, has an 111. p. 17 S°(^ and has a formula, 
(^yllaufb.. .\ stnictiiral formula was also t<*nta- 
tively suggested. Its activity was found to Im^ of a 
high order, since a total (piaiititv of 1-1*2 \ 10’'” gin 
administered in 1 dt»ses in tin* course of two days 
produces a increase in the growth of the 

comb in cocks. 

Jt is believed that the sex-hormones are the 


oxidation prodiu‘ts of the bile acids or the sterols 
(e.f/. cholesterol, which is prescMit in bniiii and 
nervous tissues and in various p.arts of the body) 
by the l)r(‘ak-d<»wn of the sid(‘-chains and partial 
deh)’drogeiiation and loss of a methyl group. 
Marrian has also isolated from the pregnant mar(‘s’ 
urine a «*ry.stalline derivative t'lr.lliiA) (Oll)^, in. p. 
lSP-inO*(\ with a phenolic character whi<*h ho called 
eipial. This is inactive, (iirand similarly isolated 
from the saim* soiiri'e not only a hormone but also 
.some other i.<omeric cry.stalline substances 'with 
rislnced activity. J'he mutual relationship of the 
male and female hormones and also their probable 
origin from the sterol or bile acid group of coni- 
IMtunds was brilliantly I'stablishi'd by the extensive 
re.'^e.archcs of Kii/.icka, who actually prepared 
aiidrosteroue (the male sex-hormone, of Ihiteiiaiidt) 
from a clioh‘st«‘rol dcrivativi* (lltjil). 

A (‘rystallim* corpus liiteiim hormone (t '20 D 3 of 
III. p. rjiS^C', has beiai isolated and studied 
by four groups of workcis : Ihitenaiidt, Slolta, 
Hartmann and Allen with their eoworkei*s, and 
has been shown to be an iinsatnrated diketoiie. 

As the result of iihariiiacological studies in Ams- 
terdam by David, Kriaid and di' Jong, it is eonchided 
that the s(>x-horniones are. not. se.x-specilic and 
that they do not. atVei^t whole organs but only 
certain tissues. In the si*x-orgaiis oestrom' is a 
growth promoti’r to the smooth iiiuseles, stratiHed 
epithfJiiim, as also some glandular epithelium, and 
also counteract the noxious i*tVeets of oestrin. 

Kxteiisive studies are. being made in the JJster 
Institute, l/nidon, in Paris and in several placets 
in (Jermany to find out tlu* methods of assaying 
and staiidardi/.ing tin* various hormone prepiTU- 
tions and the ettect of thi'lr injections either 
singly or in (‘onibination into the male and female 
a ni Ilia I.s. 

Korenchevsky, Dennison and Rrovsin have 
published the results of extensive investigations 
on the biological properties of .synthetic* tc'stesterone 
(a hormones isoiatc*d from the tc'stis), the* co-op(*m- 
tive etfect of this hormone with ocstrono and 
oc'stradiol, and the comparative ellects of andros- 
teroiio, andresl(*roiie-diol and testesterone. \ shoil 
summary of the; investigation would give an indica- 
tion of tyiie of the* experiments that are being 
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IMM'I'ormcd :iim1 tlic imtiiri* of the results jr<*iier;illy 
(»btaiiie(l. 

When ‘eniniHired willi eeiitrnl spe(‘iineiis, it v.'ms 
found tli:i( iiijeetioii of 1 niilli^raiii of testf^i^terone 
to normal m;do i-jiJs inerejisfd the weijrht of sf*mi- 
iiid vesicles by 110 %,. id’ i)rostrate by <if 

penis by lot)®/, of pr(‘pii(ial glands by l.’hl'/y. In 
the case of rals <*a>trate<l Til days before the c‘x- 
]H‘riiiifaits slarl(Ml, prolonged periods of iiijeetioii (25 
days) in doses ii[) to 1 iiiilli;i;ram faiie<l to restore 
the normal weight of the atrophied sexual organs. 
Iliji'etitm of tiestraditd brought about ehaiitres in 
the atropliied oi-jirniis similar to those obtained 
aft(*r iiijeetioii of oestroiie, im^rease in the weijrht 
of s(Mninal vi-sieh's n|i to loO'/y, small im'reases 
in tin* weijrht of the prostrate and pr<>pntinl jrhimU. 
the p<Miis r<‘mainin<r nii<‘hanji:<‘d. In ovarieeto- 


iiii/ed female rats, there was marked eo-openitivo 
effort between testesteroiie and o(‘strone in res- 
toring!: atrophied sexual orjrans to normal weijrlit. 
'riie mah‘ hormoiH's testesteroiie, aiulrosterone and 
androsteroiie-dif>l have some of tlie imtiortant 
pnijierties of the female hormone, so that if tliey 
are pn*s<Mit in the female orjranism. tlM‘y eo-operate 
with oestrom* in eontrolliiijr th(‘ eondition and 
fniietion of (he sexual organs in the female. In- 
tensive research is also directed towards elucidat- 
ing tile eonstitnlion of the hormoii(‘s and hormone- 
like snbstaiK'es from various plant and aiiimnl 
sonr<‘es with a view to their ultimate large-scale 
pr<*paration in the laboratory. When these re- 
s<‘arehes have borne their fruits and a more jire- 
eise knowledge has b(>en a(M|nired regarding tlnar 
action in th(‘ organism and n^garding their modi* 
of formation in the body, wi* shall no doubt eoim* 
nearer to the object of man’s eternal ipiest — reju- 
venation ami perp(‘tnal youth. 
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Relativity on Trial 

xS. M. Suluimun 


(^hief Jufltlea, lli*rh Court. Allahabaii, 

Relativity Postulates 

Wv. know tliiit litrlit liMs :i Hniti* velocity of mIhuiI 
miles (liOtkOttO kilometres) piT scmmhmI. 
tlie veloeify of the esirtli in its orhil, whieli is :ih<iiit 
19 miles per seeomi, is not :ilto^;etlier nejrlijrihle 
eoinpnred to it. (^win^ t«) the motion of the f‘:irth, 
in its orbit, the positions of the st:irs :ii (liHerent 
tinif's nf tii(' sol:ir ye:ir :ippe:ir to b(‘ .sliiftetl. 'I'his 
aberration elVeet is the necessary r<‘snlt of tlie <‘om- 
t>oiiiKlin^ of th(‘ velocity of li^ht with that of the 
earth. .\^ain, tin' motion ot‘ tlie earth away iVoiii, 
or ttiwanls, a heavenly Ixsly prodiiees tlu* well- 
kiiow'ii l)()[)ph‘r elleet, whi<'h also is tin* result of the 
relativf^ motion of the souret* of li^ht and thi* earth. 
In sijitt; of th(‘se well-known pheiionuMia, which are 
but maiiifestatioiH of the dilVernc<* in the velocity of 
lij^ht rclativ(‘ to the obs<‘rver, Kinslein, in orih‘r to 
explain the Mi(‘helson-.Morley and aliiedexpeiimeiits. 
made the bold but aiiparently ineompreheiisibh* 
assuiiiption that the v(‘loeity of h’trht. though (iiiitt. is 
yet absohiti* and has the properties of an inliiiitc 
V(*locity so that it is always the saiia relative to 
another body, no matter with what velocity that 
body may be iiiovin;;. It is true that in -pite of the 
constancy of velocity of liu:ht, tin* 1 Kipph r'clVeet 
<*an be explained I’roin the prim iple of Spei i.d 
Kelativity, but this explanation is imf >o direct and 
straif^ht forwanl as the explanation obtaiiu'd Iroiii 
<‘ompoundin^ of velocities aci'ordiny: to Newtonian 
<lynamics. 'rims if lljrlit were overtakiny^ an eh‘ctron 
movin<i; away at TJ-TtKitt m the veloeity ot lij^ht I'e- 
lative to it, as observed by an observer mo\in!i: with 
the electron, would still be I.St},t)l)tl m s , and if an ele<*- 
troii with the same vehicity W(‘re comiiijLr towanls the 
liy:lit, lijrht woidd nie<‘t it with lSt»,t)t)() iii;'s.“ A Bi*ta 
particle shot otV from ra<linm can move at moi’e 
than 1*011,000 ktii., but the speed of lijrht relativetoaii 
observer travelliiifr with it is still IJtlO.tltlO km. per 
se<*.” (luhlin^toii)^ 


Supposed Confirmations 

Ihnl it not betai demonst rateil that these ith^as 
lead to r«‘rtain mathematical results, like tin* equi- 
valence j»f mass and ein'r^y. which are actually verl- 
tieil hy observation, it is ('xtremely doubtful wltelher 
siieh an extraordinary |>ostnlate eonld 4*ver have 
been aeeepted by the seientilie world. On the 
iramework of ideas of >|)aee and time laid down by 
the Spi‘<*i:d 'rheory was built ii|) the so-calh‘d 
(ieiieral 'r'leory wbiiOi utilizes still iinu’e ditliciilt 
ami rather nn(*nnviin‘inL!: Iiyp«)tlii-se>. But it fxavi* 
to the world tlire<‘ rather stintlin^ predii'tioiis : — 
(ff) the advaiiee jif the pr*i‘ihelioN of nu*r(Miry, (//) 
tin* ileileetion of hVht in the gravitational field of the 
•'iiii, and the stars, and (/•) tin* red shift of lly^hl from 
the >nn :iiid the stais, none of whieh eonld lx* c‘X'- 
plaiiied from the Newton-( lalileo meehanies. 'fin* 
first was .vhown b\ Kiiistein to tally with .Ni'weomb's 
observations. Tin* seeomi wa-> annoinn'ed to have 
been verified hy the Ivijrlish e\p«*ditions in l!ll!l, 
:ind later by the Aiiierieaii astroiioinei's, (\mipbell 
and 'rriimpler in 1!H**.*. 'rin* thini was aimomiei'd to 
have* been v<*rilied. as re^anls tin* speelral •^hift of 
liillit from the sun and aUo from the whiti* ilwarf 
coinpaiiioii, Sirius B, by Kveislu'd, Si .|ohn. ( irels*, 
Beeheiii. and Adam>. 'The ideas ^iinderlyii:^ the 
IVineiple of lb*lali\ il\ ai-enrtliliillx Wi*re supposed 
to have aehieved their full trimiiph. 

in an arliele pnlilislied in Si ii'.m i’. ( ’ri.li'iJK*'*, 

it w.'is shown that the ei>nliriiiati<m ot pi'i’dietions 
b/) and {//) has eiiiiie to lx* doiibti'd in tin* li^ht id' 
nitire inixli‘rn and eritii'al oh.MTvatioiis id' Rreimd- 
lieli a(*eepted by Vi>n ( ih>ii‘h :mil otln*!' aiitlmrit ii's. 
I have alreaily in the >aid paper, i*ritii*izi‘il St .b>hirs 
sii-culled verifii*atiiui id' tin* ri*il shift. Si» lonjr I was 
uiidc*r the imjin'ssiiin that I was the solitary i*ntie. 
but I bad a ph*as;ml surprise ti> lind that Iali*ly. 
even so ai'iiti* ami e\pi*i'iiMn*i*iI an iibsi*rv«*r as J.. 
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KvorshcKl, finds liimsclf in rathor violent disagrce- 
iiMMit witli the so-callod vcrificalion of the thinl pre- 
dietion by the late Dr St •Tohn. [ will dis<>iiss it 
more fully. 

The Spectral Shift 

St flohn iiiad(‘ nutst (‘laborate observations of the 
spectral shift of li^ht from the siin in ll)2tS and 
published the mean values. An enormously lar^fc 
number of measurements of wavehm^ths fnnii the 
ecntre were supposed to have eonfirnu'd the Rela- 
tivity value. Ihit he took eomparativ<‘ly fewer 
observations of tin* red shift of lijrht from the edjfe 
of the sun. 'I'lie mean value of the red shift from tin* 
edge was found to be mueh higher than Kiiisteiii’s 
value. Instead of fninkly admitting that the Relativity 
valiif^ was not proved on tln^ limb of the sun, he 
preferred to attribute the limb excess tt» stniie un- 
known and unexplained **K(lg(‘ KtVeet.'*'^ 

Reeently tl. A. EvfU’shed has re-(^\ainined St 
John’s values and compared them with tin* valui's 
which he had obtained years ago at Kodaikaiiah 
which h(* had previously hesitated t<» publish, and 
the values whieh he obtained recently, and felt com- 
pelled t(» come to the (‘oncliision that the sf»-call(‘d 
*‘lulg«* Rire<*t” was e(|ual to th<* spectral shift itself, 
that is to say, the n^al shift asoliservc^d was double 
of Einstein’s value, the dillereiK'e thus being lUt) per 
cent. The divergenc** is so remarkably wide and 
the mai^iii so lai'ge that there is hatxlly room for 
any serious suggestion that it is due to an ern»r of 
observation. Another important and signifi(*ant fact 
discovered by him is that the spectral shift rapidly 
changes as we move fn)m the ceiitn* of the disc to 
the cireumfen.'iice. ‘ 

Relativist Attitude 

'Hie wlioh* mathematical structure of Relativity 
is based on certain arbitrary postulates, both start- 
ling and uiieonvineing. ]hit if the postulates arc once 
granted, then the analysis is fiawless, and the ma- 
thematical super-structure is simply lofty and gniiid. 
It it» the sonndness of the foundation which is really 
open to question. Tlu^ sole justification for the 
postulates lies in the siqiposed verifications of the 


I'csults. if they are not confirmed, the theory must 
break down. Of course, repeated observations will 
he required before Relativists will accept such a 
venliet, howsoever (!loar it may be. 

The following interesting episode has been (|Uot- 
ed by Sir Arthur Eddington himself : 

The Astronomer Royal, under whose care 
the equipments for both the eclipse cxpedituMis of 
lilR) had been prepared, was ex])1aiiiing how there 
were three possibilities: the (h^fieetion might be etpial 
tf> Newton’s valin?, or Einstein’s value, or there 
might be no dellection at all. When Cottingham 
asked w'hat the position would be if they found a 
delie(‘tion of double the Einstein value, the Astrono- 
mer Royal replied, ^'In that ease, Eddington will go 
mad and you will have to <‘om(Uiome alone”. (Ed- 
dington).^ Sir Arthur Eddington has said, ”1 
tliink that still tlesrrihes thr sitaaliaa as far as I am 
C4m<*erned.” 

Let us (|Uole Mr Evershed’s own wonls : — 
Hr J. Krershrd : I'lu* c‘x<'ess shift is very nearly 
equal to the Einstein elVet't, which means that tin* 
total tdVect is fwic«* the Einstein shift. I am wonder- 
ing wh(U her Sir Arthur Eddington has a fat'tor of 
2 up his sleeve to a(»coiint for this nanarkable 
result. 

Thr Prrsiftrat : I think that Sir Arthur Edding- 
ton sluadd makt* a comment. 

*SV/* Arthur hifhliiajtott : / manat help Mr 

Krrrsheil, This is a matter c»f n‘l:itivily theory ; it 
is only in the quantum th(*ory th;it we have factors 
of 2.« 

Einstein himself admits that his General 
Ibdativity '^rheory n^sts solely on the, three <‘riteria 
which distingiiisi) his theory of Gravitation from 
that of N(>>vton’s, and must collapse if in any of 
tlu'se case, it does not accord with (*xperic*nce. I’o 
quote his own words 

“(i) I» the revolution of the ellip.sc.s of the 
plaiietsiry orbits round the sun (confirmed in the 
ea.se of mercury). 

(ii) III the curving of light rays by the action 
of gravitational fields (confirmed by the English 
photograplus of eclipses). 

(iii) In a displacement of tlie spectral lines to- 
ward.s the red end of the spectimm in the ease of 
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liglit trsinsinitted to us from stjii-s of coiisidi nihh. 
nui{riiitiidr>. 

Tlio chief attnictioii of tlio tli(*<irv li<*s in its Itijrj- 
cal coin]>I(^tciicss. //’ n siiKjle nna o/' Utc nnttht- 
stnus drawn frnnt it prurcs tcnnaj^ it mast he qircn 
np ; tn modify it without dc^troyiny the wlmtr 
strartare scans to ttc impossitdc," ' 

The Deflection of Light 

^riic Micasiirioiiciit of tlio ih'Hoftion of lijjlit in- 
volves eoiisidera1)le dillieiilties. Two ol)s(M‘vations 
have to lx; taken, s(>pai‘at(‘d hv :in interval of about 
six months. Klaboratt* ealmlatioiis have to be made 
for eorreetions iieeessrary to nd nf (|n> ctVeet of 
abeiTati<»n due to tlx* motions of the earth aixl the 
motion of the solar system ; aixl also <1ue to the 
r<‘fraeti«ni of lijrht by tlx* (*arth*s atomosphere. 
iMirther, <'orre«'tit)ns have to be math* for stars whitdi 
an* a litth* away fmm tlx* edu:!* of tlx* miii. Ajjjain, 
sm*h obs(*rvMtions (*aii lx* math* tmly diirinjj: a total 
st»lar t*(*lii)s(* when stars behind tlx* Sun eaii be 
phototera|)lx*d. Sn<*h t(»tal <*(*iips<*s oet'ur at intf*rvals. 
( 'nfortunatt*ly v<*ry often «mly star^* of low inajLrni- 
tixh* happen to lx* Ix'hind tlx* sun at siu‘h tinx*s and 
tlx* photographs an* tlx'refort* tliilieiilt. aixl iixli>- 
tinet. Bviuht stars wen* behind the sun when the 
'"ini was in tlx* llyad(*s in dnix* iMItt. No lar^t* 
stars w'ill lx* lx*hiixl the siin npt<» liio’J, although 
no h*ss than 7 total stilar eelipses will oeeiir in 
bctw<*en. d'lx* last solar eclipse of MMh •liiix*. l!K»t». 
fnrnisix'd a small opporlnnity, but it was ix»l a very 
favourabh* oix*. Ntnn* t)f the asti'oix»nx*rs of 
America, (i(*rmany. KiijL^laiid or Kraixa* attt*mpt»*tl t*» 
m(*asiin* the delh'ction of li.irht. Another sneh 
opixu'tunity wdll o<*iMir next y(*ar on the iSrh dune, 
liKlT, in IVrn. 

So far as is know'ii, A. Miehailov ‘d’ M«»srow, 
is the only astrouonx*r who has lak(*n photojrraphs 
tn inoasiin* tlx* <lefl(*etion. lie has worke«l out a 
ix*w metlx»d of measuring' this <h*th‘(‘tion, w’hieh 
(litters from those pn*vionsIy iis(*d, but has not 
yet publish(*d his method, lit* observ(*d the total 
solar (*el ipse in tlx* Far Fast wlx*ii tlx* >ky was 
p(^rlG(!tly <*h*ar ; but the I plates that he oljtaiix*d 
for testin^r the Kinstein ettect W(*re not tiuite as 


sharp as he would hav(* wished. X(*v(‘rth(*l(*ss lx* 
hop(‘s ti) ‘j;(*t a y:o(»d valm* for tlx* d(*H(*etion. Ordi- 
narily, it woiiM have be(‘n appro|)riate to repeat 
the photos in |)i*rt*mber this y<*ar for obtainin{>: 
tlx* j*xaet star positions. Ihit unfortunately the 
teniperatiin* prevailing at nimht in those iTj^ions 
in Ueecniber i-^ rxceeiliiiirly low, about — 10 dejiri*es 
< '(*nti«rrade. It is, theiefore, doubtful wlx*th(*r tlx* 
(‘hx'kwork would run at all in siX'li an intense 
cold, and tlx* stale of tlx* instrument would also 
be (|nite dilVereiit. Me is, therefore, compelled to 
postpoix* the siM-nnd exposiii’es till about the lx*y;in- 
niiiji: of March next year. 'I'his will involve; tlx* 
ix*e<*ssity of inirodix iny: still nx»re intri<‘ate and 
coinplii'ated eorreetions aixl will also di'lay tlx* 
publication of his rc^nlts till after next Si»rlntr. 
Fict IIS hop(* that lx; will be able to aiinouiiee. some 
(h*rmite results. Let iis also hope* that oth(*r 
astronomers w'ill avail themselves of tlx* opportunity 
ottered by tlx* next yi-ar's eclipse in Fern, as Kins- 
tein’s value reijuires a severe testin*!’. 

The Sp('clral Shift 

d'lie nx'asuriim: of (he speelral shift is simpler 
in man\ ways. Aslroiioiners are not bound to 
wait for a total eelipse, and observations can lx* 
made at an annular eelipse* also, and in fact at any 
time id tlx* yc*ar, part ieiilarly if the obs(*rvatioii 
is t«» be loi* lijrlit fr«»iii tlx‘ e*«'iitre* eU‘ «»tlx*r parts 
of the disi-. Ion* observations «d tlx- spectral shift 
e»f litjht from tlx* I'Mui*. Ix*st opportuniti(‘s an*, of 
course, allbrded b> total oi* aminlar solar eclipses, 
wlx'ii the liy:hl from tlx* inlc-rieu* parts tif tlx* dis<* 
is e\chxh*d, aveMelinu: tlx* <*einfnsi«Mi caused by 
se*atterin|f by seh*e*tiixj: wave's of lenii':e*r wav(*h*n‘^lh, 
re*fra<*t iems threini;li tlx* aliixesphe'rc e»f tlx* earth 
is al.se) cemsidcrably e*liminated. d'hiis tlx*r(* would 
be nniiy me»re' eice-asienis fur iix*asuriny: tlx* r<*d 
shift eif lijilit frenii tlx* l*M*jje* than leer nx*asnriii^; 
tlx* delle'e'tiem of lie:ht from stars. 'I'he obse-rva- 
ti(ms flei ne)t r(*e|nire* see many e*lalxu’ate* ce)rr(*etie>ns, 
aixl the se<*e)ixl e»b.se*rvation e*an be re*|)e‘ate*d in tlx* 
e)bse*rv:ile»ry witlxxit tlx- ix*ce*ssiiy eel ^^oiii^r a^jjain 
te» tlx* place* wlx-rc tlx* e*clipse* w'as e)l)serv<*d. 
'I'his re*dne*es beeth expe*nse aixl labetur. l>ut eiiri- 
onsly v(*ry fe*w ast reine)iix‘rs we*re inten*st(*d in 
iiie*asiiriny: tlx* spectral shift eni tlx* eM*casie)n eet 
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The Predictions 


tl»(* last solar erlipso. AppaiTiitly they wore on- 
jjajjod in colloclin*; oflior spoctral dafa. 

F»)rtiiiiatoly T. Uoyds of Kodaikanal Obsorva- 
tory, who l(*d tlio dopntatioii fiiuincod by the 
Ciovoriuiioiit of [ndia to Japan, was sii<*<‘(*.s.sful in 
obtaining sona* plioto^raiilis of tlic spoof ral shift 
of lyit from tlio Kd;ro jnst boforo totality, bnt 
owiiiK to tlio darknoss diio to clouds {rathorint; in the 
atmosphere, his observation of the light just after 
trJality was not siieeessful. Jfe will take some 
iiifuiths before his results are ready, as some time 
will b(! roqnirod lor making the measures and he 
will have to take fi*<‘sh eomparison photographs. 
T. i{oy<ls has had a uniiiiie opportunity of taking 
photographs of light from the Kdge of the 8un 
when the rest of the light was shut out. lie has 
therefore, had greater facilities than Kvershod 
and other previous (tbservers, and his results will 
accordingly be awaited with great interest. 

The New Theory 

Kinstcin calculates the spectral shift of light by 
making the assumption that the radiating solar 
atoms an* at rest, that is to say, fii\ dO and are 
all zent, — an obviously im[)ossible hypothesis. 
According to his theory tin* spectral shift of light 
fnun all parts of the surface? of tin; sun is the same, 
no matter whether one receives the light from the 
ei'iitre of the disc, from the edge of the dis<*, or fnmi 
any other part on its surface. This result is iin- 
d<Mibtedly contrary to the actual observations. 

Ace<»nling to tin* new theory based <*ntirely on 
.Vewtniiian principles and without the postulates of 
Ih‘lativify, which I have published,** tin; <‘ipiation 
of motion for a material particle as well as for a 
light corpuscle is hhaitically the same-- 


when* // stands for the areal rate and I) for the 
velocity ol gravitation equal to that of light. In 
hinstein’s eiiuation for light the first term on the 
right is missing. This dillerence yields results whieli 
furnish the most conclusive and decisive tests bet- 
ween the two rival theories. 


(1) The solutions of the differential equation of 
rny theory have been obtained for the nia.ximuni and 
minimum values of the dcflc<;tion of light whieli 
should be b(*twoon the minimum value 4/3 times and 
tlie maximum value 3/2 times Einstein^s value, 
nearer the latter than the former, that is, from 
33 to rti)% innro than Kinstein*s value, that is, 
between 2'^32 and 2".()L 

(2) While the spectral shift of light from the 
reiitre is the same as that of Kinstein's, the spectral 
shift of light from the Kdge (»f the Sun is double 
of Kinstein^s value, that is, 100 more, tallying 
exactly with Kvc'rshed’s latest observation ; and 

(3) what is more, the new Theory gives a formula 
for the spectral shift of light from any part of tin* 
surface t>f the Sun varying rapidly from tin; (Centre 
to the hklge, and is equal to 

where « is the angle betwec‘n the. line of sight and 
the radius of the Sun, thus varying from zero to 7r/2 
This appears to agree with the result recently ob- 
tained by Kversh(*d f<»r the Outre and the Limb, 
and for the gradual variation of tin* rc'd shift from 
centre to limb. The observations of the spectral 
shift, which has na)st mark(*d differences in the two 
th<;ories, will furnish the final tj*st, and furnish it 


ks. 

(1) Kddington ; Spare, Thar tutd (iran'latwn, p. oj). 

(2) Author^s articl(* “Has Relativity b(*en VerifmdV’’ 
SciKM'K AM) CCLTPIIK ; /, 444, IffJt). 

(3) Jfdd. 

(4) y. of R. A. S., .%*, 1 02, lff3t). 

(5) Ohs. Jan. 1032, Nr). 1102. 

((}) Ohs. 40, No. 741, F<.*b. 10.3t), pp. 20-32. 

(7) Kinstcin; The World ns / .see /7 p. 172. 

(8) /*/•. Nfit, Ar, Sr., India, 6*, Part 1, l!>3tl. 

For .Vbstract see htd. Phy, Math, Jour. 7. 

No. 2 Sept., 30, pf). .^)7-f)2. 
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Hmcrican Excavation at Chatihu-clam in Sind 

T\. Ghosh 


With tlio discovery f»f l\rolifMijn-d:irn in l!)L*2 ilic 
i|Ucstioii of liidiuii preliistorics assiiiucd n iiiii<|ii(» 
iiiiporlatico. II:irn])p:i in the Mont^oiiKTy 4listri<‘t 
f»r tin* l^lllj:d) was already known as a proliistoric 
site, and wliat. small antkpiities wore recovered from 
tins pla<*e eonld now be easily ascribed to the same 
]»eop!e wim bad inhabited Mohen jo-da ro. fn c>rder 
that the civilization rc'presonted at these two phn*es 
could be studied in its pmper perspective*, it 
was e*ss(‘ntial to know whethm* there were e»the»r 
pr(*hist<»ric sites in the neighbourhood. The late Mr 
It.D. Iknierji, who first realiz(‘d the prehisleiric. nature 
of the M*»henjo-daro imainds, colle(‘te‘d seaiie infor- 
mation about such site's. But a more thoronjrli cx'iilo- 
raliem of Sind was ceindncted by ^fr X. (t. Majiinidar 
elnriiijr the winter seasons of 15VJ7-8, and 

lfil50-l. 'Pho e.xploration was thoreaiKhly suce*essfnl : 
for not only did it result in the discov<*ry of e)v<'r 
twenty prehistoric site's unknown be'fore*. but, ja-r- 
haps what may ultimately prove to be a fact of the* 
jrre‘atest iinpewt in the histe>ry e»f the cultural, and 
pe)ssibly racial, umve'inents in Inelia, he fonnel trae'e\s 
of e*nltnre*s whie'h, though imdiistoric, had net afii- 
nity with the' one represe'iite'd at Mohenjet-daret and 
llarappa. At .\mri in the letwer Indus valh'y he 
found evieh'iices of oe'cnpation be'low the Methenjo- 
daro h'ved, a sure indiVatietn of an etlele'i* eulture 
havinj^ e'xisteel theiv. Similarly, at Jliukar ne\ir 
J.<ajkana, llu're we're proofs etf a people, still livinji: 
in the Chah'olithie! A^je, havinji; inhabited the plae'e 
after the Methenjet-daro peo])le. There is thus 
evielence of the existence of at least thive* pre»- 
historie; cultures which successively thriven! on the 
Indus valley, and the mutual eoune'xions etf whiVli 
we do not know at the presemt state etf our know- 
l( 3 (l{ 5 e. The name ‘Indus civilization’ or ‘fnelus 
culture’, which has jjett intet vetRiie* to dcsijrnate* 
the culture of Methenjet-daro and Harappa, is, 
thorefewe, rather niislcadinj;. Ketllowing the^ accci)- 
ted practice of archaeologists of naming a culture 


ar(<*r the* site when* tra«‘cs of it we^rc first fonnel, 
wc may tentatively <‘all these eultiires Ihei ‘Amri 
culture’, the ‘llarappa e'ultiire*’ and the* Mhukar cul- 
ture’ res|>ective*ly, as has bee*n siigge*stcel by Dr 
Krnest ^^aekay. 

Kae*h ol these e‘ultur(*s hael a e'haractcristiej 
petttcry ol its <»wii. ddie {tn*-! larappa potte*ry of 
Amri is wh(‘(*l-made with thin wails, ‘d'hc eh'signs 
are* ]):iiiit(‘d in blaek or (‘hoeitlate* on a m;itt sur- 
face* which bi‘ars either a thin slip, or mi'ivly a 
wash, ol bull or light red eoloiir. hVi*epie»ntly a 
re'delish brown band is indicatenl. siile by siele* 
with blaek eir e*hoeolat(', which produces a I^olv- 
chroine* e*trect....TlM' vcss(‘|s of this class are? me»stly 
rimless’’, the* |>re*dominant t\pes being beakers 
anel bowls’.^ In Sind such ])otte'ry has be*cn fonnel 
at .\mri, L«»hri near Lake ^lanehhar, and seam* 
l»lae*e*s in the* hills «)f Western Sinel. Ne.xt in 
orde*r of s<*(|nence* comes the llarappa type*, femnel 
at Moliejo-daro, I larappa, Chanhii-daro ( .\awabshah 
distnVt), (lhazi Shah (LarUana elislriet) e*te*. Abest 
spe‘cinu‘ns of this e*lass, with its thick walls, rims and 
splaye-el-ont necks, an* unpainteil, anel the* shape*s are* 
ve*ry much eliilere-nt I’rom the* Amri type*. The* 
painte*ei varie'ti«*s that exi>.t again slmw dill(‘re*nt 
ele*signs anel eohuirs. ‘As a rule*, the* ele*signs 
We*re e'\e*cnte'el in black eui a dark re*el 
sli|», ami e*«uisi^le*d eerdinarily e»f foliate* 
anel ge*ome*trie*al ele*signs, ameuig whie*h the* 
“interlocking circle*'’, “vase*”, “bangle”, “<*omb”, 
anel “s<*ale*“ meetils an* striking’*^ .V late*r tdiase of 
the* pre'histeu’ie* e'ivili/atie)n e)|‘ the Indus Valle*y is 
loimel at .Jhiikar and Lemmiijo-daro (Larkann 
elistrict), and se»me* eithe.*r plae*e's ne'ar the.* ^faiichhar 


1. Majuiinlar, Kxplnraiions in Sind, Menufirs of 
the .Xrch'dculogieal Sen vcy of India, No, 18, 1 1‘». 

2. Marshall, Mohenjo-aaro and the Indus Civiliza» 
lion, I, 37f. 
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lake. Here flu* |M»ttcry is disliiK'tivc : ‘sninc 

parts of tho (|(*si(rii (r. //. halls in minparhiionts) 
arc shown in dai’k hmI, and r(’d or pink wa'^li is 
snhsfitnfcd tor fhr slip, Moiwjvcr, now niotil’s 
wore nsod, tia* mo>t lypiral mT t)i(‘in hoiii'; iho 

*slopin«r oval”, "halls in <‘onipartinonts** and tho 
‘•spiral”." 

I iio silo of ( 'lianhii-daro in tho N.'iwahsliali 

distriot ol Sind, ahoni 12 iiiilos wost of f ho prosonl 
hod ol th(‘ [lidiis, ahoiif SO niih*s IVoin Mohonjo- 
daro and ovor |0() inih's irom IIarap|)a, was dis- 
oovorod hy Mi* Majnindar in lll.'JO. ^.Flioro aro 

tliroo inoninls horo, tho so(‘ond and liijyhosi oin* 
hoiny; alKUil 2!> loot fi'oin tho prosont y:roiin<l 

lovol. riio oporatioiis of Mr Majnindar, although 
MiiK'li )iiiiitc‘d in soopt*, I'osnitod in tho rooovory 
ol ooppi'i* iin])h‘iiionts, h»*a<|s of v.'irioiis niah'i'ials, 
haiijrh‘ frayrinonls, fon*a-oo|ta toys, various kinds 
of paiiitod and iin|)ain(od poltory, limiros of Iho 
.Mothor-irodtloss, insorihod soals <'to„ all of whh*h 
oould ho dolinitoly ro<*oy:nizod as holonjrinjr to tho 
llarajipa oidtiin*.‘ No doii])t (liaiihu-daro was 
a proinisinjr sip* of tho oidtnro, ail tho na»ro im- 
portant hooauso it was tin* only snoh sito w<*st of 
tho Indus as yot known. 

Tho Aiii(*rioan S<*hoo| <»f Indio and Iranian Stu- 
dios and tlio Ikiston Mnsomn of Kino Arts woro 
y;rantod a Ii<’onoo hy lh(‘ (iov(*rnmont of India lor 
tho fiirtlior o.xoavatioii of ( 'haiilni-d.*iro. 'FI lo work 
was startod in tho wiiilor •)f liKJ.Vli with Dr lOrnost 
.Maokay as tho Kii‘hl Dirootor, who has now piihlish- 
od short a<'<‘o(ints of tho soasoids work’’. 'Flu* soooiul 
inomid, hoiiiy; tho InVirosI, was at first oxoavatod. In 
tho npporniost stratum an nnfamiliai^ typo of j^roy 
pottory was oxhiimod. In tlio noxt siraimn polyohro- 
mo pottory. with hlaok :in<l rod on a oroam or pink 
slip, was fonn<l. This pottmy is .illiliatod to tho 
dhiikai* w.'in*, wlii«*h, :i<‘<‘ordiny; to Dr Maokav, ro- 

.h Majunnlar . /.or. r/t.'M’. 

4. I/jtd., 3nf. 

5 . BnUetlu of ///« Munmm of Fine Art», no.ston, 

OctoIuT, PMf, ; Iff uatra'ed London AVu's, Xoveiiiljvr I { 
ainl 21, 


somblos in dosi^n and oolonr, thony:li not in shnpo, 
tho pottory found at Toll llalaf (North Assyria) and 
'Foil (.Miay:ar Ha/ar (M(‘sopotamia). It .sooms that 
tho toolmir(no of tho Toll llalaf pottory roaohod tho 
Indus valloy throuy:h Ikduohistan. a <*onnootinK link 
hoiny: supplioil hy a notahlo shord of similar typo 
loimd hy Sir Aiirol Stoin at Zayak in naluohistan. 

'Fho pi'oplo of tho flimkar onituro o(*oupiod tin* 
plaoo shortly aftor its dosortion hy tho p<*oplo of tho 
Ilarappa oiilliiro, tho rolios of w'hi<*li W(*ro found in 
tho noxt two strata. I Ion* tho structural and port- 
ahlo remains show identity with those of tln*Ila- 
raptia <‘uItiiro as known from <*lsi*whoro. (\»p|>or and 
hronzo implomonts :ind tools, c.r/., axes, ad/os, ohist'ls, 
spoar-h(*ads, knives, day[y;(‘rs, and razors, as avi* 11 as 
vessels, ar<‘ of the typo with whii’li oxi'avations at 
Mohonjo-daro ami Ilarappa have made ns familiar. 
Small masses of h*ad show an ac<|naintanc(‘ of tho 
p<'i)p|o with that m(>lal also'’. Lony: ay:ati*, e:irm‘lian, 
and stoatiti* harrol-cylindor hoails wore found 
>oatti*n'd at various stay:<'s of makiny;. It is now 
evident that tho harder heads of atxati* and carm*li<in 
woro horod throni;h hy moans of ch(*rt drills, of 
whioli many spooimons have* hoon found, with tho 
lu*lp of SOUK* alirasivo, such as ornery. In a vessel 
won* lonnd hi*ads so small that ol iif them, phu'od 
side hy shh*. y[o to an inch. It must have l)oon a 
task of oiiormoiis dit1i(*nlty to fashion and horo 
lliom. 

Doppor heiny: ahiindant, stone had a very limited 
apt»lioation. hoiny; iis(mI lor maee-hoads, drill-eaps, 
anti somotimes ilishos. Kitclion-knivt*s AV(‘ro made 
of rihhon-llakes fnai a e«»n* of eoarst* chert. 

At this I. ■vol was also ftniml ptittory with tho 
charactoristie Ilarappa paintin'; on it, r/;., hlack on 
hiirnishetl rotl sli[», a common motif hein^ a series 
of intor-octiny: circles. 

\ eonsidorahio niimhor of toys fouiul horo shows 
th:it toy-makiny: miyihl havo hoon a local industry. 
.M;iny of tho pottory li^uriiu*s wore dosiy:nod to bo 

fi. Small iiiasses «)f le:ul, as well as a few lead objeet.s, 
In^ve been found at Molicujo-daro also. I^ead occurs 
spariiiylv' in the Pre-dyiiastie Period of Egypt. It was 
known in the Early vSumerian Period of Ikahylonia and has 
been found is .some tombs of the ojiiid Minoaii Perio«l of 
the Aeyeon Civilization. .Sc * Partington, Origins and 
Developmenl of A%tplied Chemistrg, 1030. 


SCJKNCK & 
r v bTII K K 


348 



AMERICAN EXCAVATION AT CHANHU-DARO 
IN SIND 

fnsti'iH'd to nio(li‘l riiHs, of wltirli sfiino 

sp(‘riinoiis oxist. Kiy[!irin(‘s of tlio Motln'r-uiulili-ss 
Ix'cii found, oflon sissociMtod with liltlt' iimdol 
dovrs witli oiitstroh'licd wiiij^s. It i.s intcn*^tiiiy: to 
I'crull tlint dovo w:is intiiiiutoly ussotMsitcd with tin* 
worsliip of the Mothcr-y:nddo'<s in t Veto, S:ir<rnii:i 
:in<l M(‘snpot:iiiii<i. 

Stcsilitr ^cal.s wlii<*h, l;ikni ^iiijily, art' parliap-^ 
tli(‘ iiio.st (‘liaractoristic tiling of tho Ilarappa cidturo. 
arc prosoiit at < 'hanhn-daro al.s<». The animal iiionI 
<*onimonly rcprcscnl<‘d on the seals is the Itnii with 
a manner ( ? ) in front of it. It may he noted that 
Professor Henri hVankfort has recently annoiineeti 
the <liseovery at 'I'ell Airral (Mesopotamia) of a 
fragment of a jireeii --teatite vase w'itli a humped 
hull ami a maniier represented on it, which In* ac- 
claims as the tirst <liseov<*ry of tin* renderinji of an 
Indian cult ohjeet in an entirely M('so|)otamian 
settin^Ti :i fnet indicating somethin^’ more than inter- 
mitt<*nt contact or I rade hel ween ain'ient M<*soj)ota- 
mia and the Indus valley '. Another tind at (‘haidm- 
ilaro pi'ohahly havinu; xniie <*nlt •'imii(ieanc<* is a 
.s(*al im[ir(‘s>ioii showing two woiin‘n support in;; 
hetweeii them a stall* from tin* top of which project 
the hran(‘hes of ;»//»/// lr<'e. 

A lar}j;(* nnmher <»f chert weij^hts. nearly always 
7. Illuslratfii LundoH .\V Si*j)ti*in)ic*r 12, 4.^2. 
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eiihioal, with the simph; ratios of 1, 2, I, S (‘tc., have 
been found. The imp<n'tant fact that they dilVer 
very im*onsid(*rahIy fnnn the ci>rrespondinj; weie;hts 
of Mohcnjo-daro and Ilarappa, the hit ter of which 
is more than ItMl miles away, betrays not only an 
absolute idiMility of (‘lilt lire, bill a slri(‘t supervision 
that was exereis(*d by the aiilhorilies to maintain 
fair dealin^fs in traih*. 

Kxcavations provetl that, as at Mohcnjo-daro, 
there an* dilVerent levels of o(‘eiipation by the peoph* 
(»f the Ilarappa culture. 'I’wo -neh siiata li.ive bc(*ii 
laid ban*, and d(‘cp di^'^iiiL;: at one place shoW(‘d that 
three more were still lyin;r below t ill -iib-oil water was 
n‘ached. I>iit unlike Mi*henjo-daro the levels her(* 
d<» not follow each other in i|iiii*k sncci‘'-sioii, which 
shows tiial the city wa> several times deserted lor 
consider;ibh‘ perioib of lime. 'I'liere is little doubt 
that th(‘ d(*sertion was due to the devastatiii;; Hoods 
of tin* Indns, of whieli there are Iraia s of at least 
three, ^riionjih the Imlii*' i*- now 12 miles to the 
wc*st of t 'haiihii-daro, there is trace of an anei(*nt 
river-b(‘d only thr(‘e mih*s away. 'The bricks of the 
bnildin;;s an* of the same si/e as the Mohenj(edaro 
and I larapiKi ones, their size averaninu: 11 '>l>^2i 

inches. Practically every house Innl its bath room 
and latrine. N\’(* alsit (‘onie across the (‘laboratf* 
draina;;(‘ syst(*ni and (‘an* of sanitation which is a 
remarkable leatnre of tin* urban ((‘litres of tin* 
llara)ipa eiiltnre. \ number (»f drain-pip(‘s of 
porous pottery, so desinned that the t.ipelinji: end of 
tin* one (‘oiild be titled into tin* larger i‘nd of the 
oth(*r, shows (tniti* a modern inernnity. 
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Science in Industry 

Our New Feature 

From this issiu* we arc starling a new feature 
in our journal. We propose to piiblisli in this see- 
tion, as the name S(’IKX(’F IN INDUSTRY iii- 
ilientes. seieiilifie news and notes wliieli are mainly 
of industrial interest. The a})plieatiofi of seieiiee to 
industry, both on the side of teehnicpie and orj^aiiiza- 
lion, and llu; ])rob]ems arising tlienrfroin will be dis- 
cussed in this section by competent aulhorili(‘S, always 
with special reftTcnee to Indian conditions ami with 
an eye on our national needs. In startin;^ this fea- 
ture we are only takiiijj; a step towards fidliliin^ one 
of the principal aims with which this journal was 
started, namely, the ap[)lieation of seieiiet* to national 
dt'velopiiU'iiL and c<‘onomie wclfan*. 

Wo publish beh»w an article by Professor S. K, 
Milra, on standardi/alioii of weights and measures, 
in which he has put forward a strong ])lea for the 
adoption of metrie system in India. 'Phe article is 
very timely since the question of adopting some 
standard .system of weights and measures for tin* 
whole of this country is engaging the attention of the 
government as well as the inereaiilile b<Mlies. At 
tin? eighth Indian liidii.stries (\inferein*e, I.iieknow, 
and also at the meeting of the As.soeiated Chamber 
of (\mimeree at Calcutta, the question wa.s recent- 
ly iliseiissed. 'Phe latter bo<ly passed a resolution 
urging the (hiv»*rnment to adopt a standard system 
of wi'ights and mcasiire.s. We w<iuld take this oppor- 
tunity to point out the imiiieiisc siij>eriority of the 
metrie system out other prevalent sy.steins, as has 
been done in a very eonvineing way in the article 
])rinted below. 

Previous Attempts to Standardize Weights and 
Measures 

We give below a short review of the aUempl.s 
made by the (loverninent of India to introduce a 
standard system of weights and measures in India 
since the year 1807. 


In lK(i7 a committee was a])pointed by the 
Ciioveriimrnt of India to deal With the question of 
iinilieation of weights and measures in India. 'Phe 
Secretary of Slate in ap]>roving the terms of refer- 
ence of the com mi I lee forwarded to the fjovernment 
of India a rep«)rt of the repn*.sentatioiis made by a 
deputation from the Metric Committee of the Rrilish 
Association on the subjet'l of the introdiietion of the 
metrie system into India. 'Phe eoinmittce appointt?d 
by the govi‘rnment siibiiiilled its report in 1S()S and 
its majority reeomm(*nde{l the adoption of the Knglish 
standard of wt'ighis and iiit'asiires ami length. 'Phree 
members t>f the eoiiiniilt(‘e ('t>lonel Straehey, Colonel 
Ilytle ajid Mr (iraham, however, submitted a strong 
tiolt* «»f dissent urging the adoption of the metrie 
.system. 

In 1870 the Indian Weights and Measures .Vet 
was passed (Act XI <d‘ 1870) for gradual introduc- 
tion of the metrie .system into India. The Secretary 
of State, however, refused sanction to the Hill, be- 
cause it was thought to be loo extensive and ordcreil 
a r»*vision of the Act. 

In 1871 a new .Vi t was passed (Act XXI of 1871) 
making tin* ‘.seer,’ the ]>riinary standard of weight 
e(pial to one kilogramme ami the volume of one scer 
of water (;.e. 1 litre) the primary standard of capa- 
city. In orcb*r to iiitn!diu*e the (leeiinal system the 
.Vet further ordained that all subsidiary units should 
be integral niidliple.s of the primary .standard and 
slioidd 1m- e\j)ri ssed in decimal parts. Loril Nortli- 
brook’.s (ioveniim-iit, Jjowever, recommended that the 
iiitroduetio*' of the provisions of this .Act should be 
subject to llic coiisenl of Ruilw'ays. The Railways, 
on being consulted, could not <'ome to a unanimous 
dcf-isioii about the simultaneous adoption of the new' 
measure of the w’cigbl, an«l the Act, lliercforc, though 
still ill the statute book, is entirely a dead letter. 

Ill 1875 the (nivernmcnt of India decided that 
the Indian inainid of 40 seers (each seer 80 tolas) 
.should be standard in use on the Guaranteed State 
Railways. (Re.soliilion No. 21-R, dateil Oth October, 
1875). 'i'his is the origin of the so-called Govern- 
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meiit ‘seer* of 80 tolas. Pn-vioiis to this in 1870 tin* 
Indian Coiiiaf^c Art (Act XXI 1 1 of 1870) didiiicd a 
tola as 180 grains 'rroy being the weight of a riij)ee. 
The Indian Railways Act (Act IX of 1800) also 
adopted similar de/initions of the inaiind and lint seer. 

In 1880 the Measures of lA‘ngt1i Aet was passed 
(Act II of 1880), in w'hieh Ihe Rrilish rniperial Yard 
was made the primary standard of hmglh f(»r use in 
India. 

Ret ween 1800 and 101.*l the jndiey followetl by 
the (lovernmeiit of India had been to pres< ribe, as 
necessity arose, standard weights and iin^asiires for 
particular districts or groups of districts similar to 
those adopted by the Indian Railways and (roveni- 
meiit departments. 

In 1001 the Secretary of State forwarded to the 
(M>veriiment <if India copies of a ))ap(‘r ]»resenl«*d to 
Parliament regarding the ntloplioii of nntrii* system 
of weights and measures in Kuropeaii (‘ounlries and 
suggested that ihe first step in India wouhl be t<i 
accustom Ihe pnidie to the new* weights bv adopting 
them on Railways, at (‘ustom hnus(‘s ainl in p«»st 
oHiees. To this despatch the (fOV«*rniiient of Iiiilia 
replied that though they recognized the advantages 
of the decimal system yet they were averse from 
taking any action in the matter at that tiim* <iwing to 
serious obstacles in introducing any new measurt' and 
preferred to wait before proposing a <-h.uigc until the 
I'liited Kingflom liad decidt'd to adopt it. 

Ret ween the years 1!)01 ami the varii>us 

))rovincia1 governnn-nls made at tempts fnmi tiim* to 
time to inlrodue<‘ uniform .sysl<-m of weights and 
measures in their res])eelivc pni\ inees and ei»rres- 
ponded with the Clovernimnt of India for the 
piirjmse. The (hivernment of Romhay in parti 
cular appt>inted a eommitlee in b> <lisi-uss the 

question as far as their province was eoiieerned. 
Some of the chambers of eommeree and trades asso- 
ciations also addressed the (ioveriiineiit of India 
pointing out the urgency of the reform and making 
Vjirious suggestions. 

In IP 18 the (h)verninciit of India decided to re- 
<»pcn the question of the feasibility of securing the use 
of uniform weights and measures in India and 
appointed a eommiltei* to cn(|uire into the whoh* 
subject. 


In 1914 the Committee of Weights and Measures 
submitted its rejjort. For wc*ighis thc^' n*commend- 
e<l the standardization of the Indian system (maund, 
seer, chalak), f<»r length the Rrilish system (yard, 
foot, inch), for areas of agricultural land the same 
system (a<-rc, etc.), fiir small an‘as the s(|uarcs of any 
aiithori/cd measures of length and for eapai'ity the 
volume of 1 1 setT of water at 8()'’(' as the primary 
unit. One t»f the members of the C'oinmilt<*e, Mr 
A. Y. (i. C'ainpbell, T.C.S., submitted a minute of 
dissent in which the wholesale adojition of tin* nn*t- 
rie systc-in was strongly urged. 

Nt» sii list ant iai etreel has betu giv«*ii by the 
( loverrnneiil* ivlher to Ihe majority nport of the 
(‘omniitti'e or to the minute of dissent owing probab- 
ly to Ihe great war wliii-h lirok*’ out immediately after 
the puhlieation of the n port. 

Countries with Metric System 

Folhiwing is a list of eountri»-s where metric 
system of weights and measures is optional or parti- 
ally eompidsory: 

Canada, China, Kgypt, Kthiopia. Onsat Rritain, 
Irt'land, Irish Free Stat**, Paraguay, 'I'lirkey and 
I'nited States. 

In following countries metric system is eompiil- 
st»ry : 

.VsiA 

Philippims (ISfiO), Iiido China (1911), kSiam 
( I9*.i;n. ,lapan (1921). 

FriiocK 

France (1791'). Relgimn (IStiO), laixeinbiirg 
(1S‘^()). Hollanil (I8LM)), Spain (I8<)0), Italy (18(51), 
(JeniiHny (1872), P*irtugal (1872), Austria- Czeeho- 
slovakia-liimgary (lS7ti), Swilzerland (1877), 
Norway ( 1 882), Yugoslavia (I88;i), |{umania (1884), 
Sweden (1889), Rulgaria (1SJI2), Finland (1892), 
Iceland (1907), Denmark (1912), Malta (1914), 
(ireeee (1922), Poland (192 1), V. S. S. R. (1927). 

Soi Tii Amkuka 

Chih* (1884), Cohimhia (I8.'i|.), Porto Rico 
(I8(i0), Rrazil (1802), iMpiador (18(i.'»), Pern (1889), 
Argentine (1887), Rolivia (1898), I'niguay (1894), 
(iiiiaiia (1!)]()), Venezuela (I!)!!). 
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XoilTII Amkuka 

Culm (iS-iSJ, Mrxiio (11)0(5), Haiti (1021), 
Costnrifa, I’aiinina, (tiiatrmala, Homlurii.s, Nicarafi^tta, 
Salva(l»)r (1012). 

Amima 

.Vl^rria (1SI.*5), 'ruiiis (1S05), Porlu^iirst* Hast 
Afriia flOlO), Cniij»o (1011). 

Mineral Production of India 

A pii-lun- of India's slciw but surr rocuvcry from 
llu* dopivssiiui yiars of lO.’M ;5;i, is provided in llio 
annual account for lo;).*! of tin* mineral prodiietion of 
Imiia ]>rcpan-d by llu* Cicolo^iral Survey of India, 
wliieb is publislu'd rr<enlly. 

TIil* lolal value «>f Ibe luinerals prodiieed in India 
showed an inerease from £ 1 7, (»()(),.') 1 1 in 103 1 to 
i£lD,518,273 in 1035 — iiiaiifraiu'se ore inereased a fur 
tiler I I 1.0 pi r ei iiL, miea 33.0 per eenl., lead 2S.2 
})er <*eiit., silver 3(i.7 [ler eenl., ziiie H.O per eent., 
iiiekel 21. S per eenl., iroii-ore 10.1* per eenl., eliromiie 
51.S per eent., ilmenite 10. S per eenl., moiiaziti* 230.1 
per «*i*nl., zireon 57(5.1 per eenl. Deereases oeeiirred 
only willi felspar 21.5 per eenl., asbestos (iO.5 p«*r 
e(‘iit.. aiul \arious preeious sloiu's. 

This aei'oiint, whieh deals witli minerals prtMbu'ed 
ill Hritish India, the Stales and Miirina, shows that 
the priiieipal pnxliietioiis were: 

Coal £1,003,822 ( 23,01(5,(505 Ions; 

Ih lndeiim £1,(585,333 (322,(5(52,335 ;rals.) 

fioM £2,2 85,8 18 ( 327,(552,5 ozs.) 

Lead lire £ 1 ,0 10, 1 1 1 ( 1(50,88(5 tons ) 

.Maiijraiu se ore £.0 50,(530 ((5 II ,183 tons) 

Hiiildiii;^ materials £88 1,010 
Salt £878.882 I 1.018,173 tons) 

Silver £7(50,151 (5,850,10(5 ozs.) 

Tin eoneeiit rates £7(53,081 (5,8 50.7 tons) 

Mita £(501,1 1 1 (58,751 ewl.s.) 

Coppt'r ore aiul matte £1(52,031 ^***''* ^ 

8,050 tons matte) 

'I’un^steii eoiui iit rates £20(5,(503 ( 3,8 3 7.1 ton.s) 

/iiie eoneeiitrales £285,(5(5(5 (78,500 tons) 

Iron ore £2(5(5,012 (2,3(51,207 tons) 

Niekel speiss £105,2(50 ( 1,8 50 ton.s) 

Saltpetre £100,120 ( 12,(523 tons) 

Ilmenite. £58,780 (127,051 tons) 

Chromite £38,087 (30,127 Ions) 

Refraelory materials .£30,301 ( 13,721 ton .s) 


Tlie year was notable for the .steady priet?s for 
metals, with a firciieral upward teiideiiey except in tbc 
eases of tin, ebromite and wolfram, whieh deelincd 
.sliglitly. 

Inereasiii^ interest in India's mineral resourees is 
apparent from the larj^er number of new mineral c*oii- 
ee.ssions granted. During the year, 150 ])rospeeting 
leases (ineliiding 287 in Kiirma), 8(5 mining len.ses and 
31 quarry len.ses were taken out, as against 37(5, 57 
and 10 for 1031. However, there is a long way to go 
l)t‘fore the peak year of 1027 (711 mineral eoiiees- 
sioiis) is again rea(‘lu*d. 

Improvement in the mineral industry is further 
illustrated by the larger average number of p(*rsoiis 
employed daily, 371,522 in 1035 as against 331,818 in 
1031. Most of the employment is provided, in order 
of importanet*, by the coal, salt. miea. gtdd, tin- - 
tungsten-ore. petroleum, iron ore and iiiangane.si‘-ore 
industries. Tlu*.se niimbrrs are rxeliisive «d' those «*m- 
ploved by the eoiieomitaiit transport, smt'ltiiig and 
reHiiiiig industries, for example the metalliirgieal in 
diistries of .lamslu'dpdr support a town of nearly 

100.000 people. 

.\ large proportion of India’s iiiiiural ]>roduelioii 
is eoiisumt'd in the eoiinlry. the following shows the 
distribution of llu* priiieipal minerals and metals: - - 

Coal 22,87(5,0 to tons eoiisum(*d, 

217.58 1 tons exported. 

I'etrol !(2,28().183 gals, eonsumed. 

Keroseiu* 21(5.301,7(52 „ 

Kuel oil 137.13.S.3 15 

liatt-hing and 

liibriealing oils 31,(515.210 

Salt 2.3 12,132 Ions eonsumed. 

Pig Iron !)8().8 15 „ 

172,(53(1 tons exported. 
Ferro-maiigaiiese 11,182 „ eonsumed. 

Copper 8,315 

'l'i« 707 

1 ,833 „ f*xporled. 

Magnesite 12,000 „ eonsumeil. 

1,08 1 ,, exjiorted. 

flays 33 5.1(52 „ eoiisum(*d. 

Steatit** 12.50(5 

It is intere.sting to note, that India's eoiisimiptioii of 
brass was 38,7(50 tons during tlu^ year of whieh only 
10,721 tons were produced in the <*ountry; there is 
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room for considerable domestic expansion of llit> cojipcr 
and brass industry. 

'I'o those who are optimistic of future ^reat ix 
paiision in India’s iron and steel industry, the figures 
for this trade siioiild be taken as a wariiiiif'. Pr«» 
duction of iron ore was 2,.*UJ l-.aSJ? tons, exports nil. 
Production of pi^ iron l,451.H(i2 tons, retained ini 
ports l.tiHt tons, <‘xporls doineslie eoiisuinp 

lion t)80,81>.'> tons. ProdiielJoii <if steel (iliT.SOT Ions, 
retained imports 81,2:18. I'xports 5i5!) tons, doineslie 
consumption 708,5H Ions. Por manufactures of iron 
or sl<*cl otlier than those included iiiuler ‘steer, the 
production fifrures are not availalile. but retaimsl iin 
ports were 275,0.58 tons, exports .57,072 tons and 
eorisiiiiiption 217,08(1 tons (this latter figure is 
approximate ). 

From these fi^^iires it is (piite obvious that India'*^ 
production of iron and steel is almost up to her limit 
of alisorption. (*onsid(*ralions of resources elsewhere 
indicate that India is not. likely to have any fecial 
expansion of export trade in iron and steel, .lapaii 
is the largest importer of Indian |)i^ iron with 
57(1,025 tons -with Japanese agreements made else 
wlmre recently this ti|>;ur(‘ is not liki’ly to be sustained. 


The next lar^iest importer, I'nitisl Kiiigdoin (117,002 
tons), is buying ineri'asinj^ ('|uaiitili('s nearer liome. 

AVhati'ver expansion that is to take place, as a 
result of inereasrd internal demand for iron aiid steel, 
is not likely to multiply the priseiil h’i^iires for many 
years to i-ome. and any individual company shouhl 
remember that possibh iiu-rease in iloiiiestie ubsorp- 
tioM will be spread o\ip the product ioii of seviTal 
eoiiipanies. In other words, aiilieipalions of increases 
ill prodiu'lion to .*( and 5 times tlu* present figure 
should be treated willi eaiilioii for many years to 
eoine. 

Tin* Indian inaii*;aiirsc iiidiisti'V tell years u^O 
oei'iipied the premier position in world prodiietioii. 
Today India is a liad sei-ond and it is not unlikely 
that sliorll\ the (iold Coast will exetvd her produc- 
tion. 'rile Ciiili il kingdom has been tin- greatest ilii 
porter (d‘ Indian man^'ain-se ore. but increasing (|uaiiti- 
ties an* likidy to be taken from llu* (odd Coast, 
iteeeiit iiiert'ases in Indian i x ports liavt‘ Ihtii mainly 
to .lapaii. I'rarce and llelu'iuin. 

It is interest inu' to note llial in the four years 
I!(.‘t 2 :tl. 7 !»J( lolls of bir\I \\i re prodiieed in Ajmer- 
Mi rwara. represent in, i*- al present I he larj^esl prodiie- 
tion in the world. 'I'liis rare mineral, iiseil for special 
alloys, is likely to liiid an iiiereasiii;;* demand as the, 
nialallur^ieai uses hervilium alloys ha\e only reeeidly 
lu-eome known. 


^Stcindcirdizcilioii of Wcicjhts ciiul AAaisiircs 

S. I\. Mitru 

Pnifrua'ir uf 1’113'Rk'rf, Cuk'iittii (’iiiv.*r -ily. 


Ill carryin#*: out any iiieasureinenl one has to 
employ units of measure as iiiulliple.s or trai’tioiis 
of wliicli the amount of the (|uantity measured is ex 
pressed. Of all the (piantitics iiieasuretl the leiij^tli 
is perhaps the most fundamental, aiul in every 
eoiintry the unit eiiiployi'd for the jiiirpose has al 
most invariably bei'ii al one lime or ollu’r some mem 
Imt of the luimaii IhmIv like llie loot or the arm. I ii 
fortunately a liiimaii limb is not iiiiiform in Ieiifi:tli; it 
varies from individual to individual and from racs* to 
race. iVs a conscijiience no I wo pco])lc or races have 
ever agreed in tin* h'li^tli ot I heir standard. I bus 
the Greek fool wliieh was supposed to represent llie 
length of the foot of IIoreMles was 12. U Kiiglisli 


iiieliis; tin- Macedonian fool ll.S inches while the 
.Sicilian N.75 inelies. In India Iiiisin the length 
of llie I’on-anii. tnufnln Ihe diameter oi the 
liiigir, rilnxii the span of Ihe hand had heeil llie 
iiuasure of leiigih in aiieu iil limes. 'I hesr are still 
to In* fomid in many localities speeiaily among vilhage 
people. Ill Kngland file yard which allerwards 
became esi ablisheil as slaiulard is siipposeil to li;i\e 
originally la presi uhal (he li iigtli of tin* arm of King 
Henry 1. 

An e\il eonsnjueiuj o^’ relaling the units of leiigtli 
to lengths of meinhers of the human body lias Imtii 
that lliise units an* diireniil not only in diirereiit 
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foiinlrlfs but tlinl in llio. saiiio c'oiiiitry Ihc 

ililVi-rcnl iiiiiLs oF in (‘ointiion use are **t)iine«“t- 

etl willi one another by no <'oniin<»n inulliplier. 'I’lius, 

I ho raliiis between ineli, yard, rod, fatlioni, 

furlong and mile are quite arbitrary, 'riie fool is 
1*2 linvs the iuehes, the yard It limes the biol, the 
fathom 2 limes llie yanl, the rod oj limes the yar<l, 
the fiirlonj^ K) limes lh<‘ r<»d and the mile H t tines I lie 
fiirlonp:! 

'I'he, relations Iwtweeu tlie units of length aiul 
IIiom; of ari*a, volume and mass are still more eon 
fusing. 'I'Ik' sides of a square ]dol of land oin* a(*re 
in area is 1*2. Ho if measurt'd in roils, and (it). 7 if 
measiiri'd in yards. A quart eoidaiiis c-iibie 

iuehes ami a barrel ;il.J gallons. Ai*ain, the units 
of mass the j;>;rain, the oiiiiee, the ]iouud, and the ton 
bear dilferent and iiieoiivenient relations to one 
another. None, of Ihem bear any simph' or lojj^ieal 
relation to the units of len.Lcth. 'I'ho standard pound 
is merely llio mass of a I'vliiider of platinum of an 
arbitrary voliinie preservetl at the Standards Deparl- 
monl of the lloanl of 'I'rade at Loudon and not, as 
it, .should have been, the mass of one eubie iiieli or 
one eubie foot of water or of some oIIkt standard 
substanee. One however notes uith relief that of 
the three fundamental units- lenij;lh, mass and lime 
— the last named is fortunately tlie same all over tlie 
world. 

Oreal llritaiii and her dominions and depeiideii- 
eies are not the only eountries to siilVer from the 
evil of eon fusing and illoirieal .systems of weig ht and 
measures. All other <*ouiilrles in the world, al oiH' 
tim<' or other, have sulVered from similar evil in the 
past. Hut, while most of the eountries have* shaken 
otf lh(' e\il by jiroper h-i^i. slat ion. (Ireal Hritain has 
allowt'd it to remain and lake root in every ])arl of 
her empire. 

We shall explain and .set forth the advantajiies of 
the melrie .system, the use of whieh is now c*ompul- 
sory in most of the eountries of the world and dis 
eiiss the de.sirabilily of its universal and eomjmlsory 
adojilion in India. 

Tlie Metric System 

I he ad jeetive melrie is derived from the unit of 
leii^rth metre whieh is nearly oiie-llioii.saiid millionth 
part of a quadrant of the earth measured from jude 


to equator; it is apj)roximately 1.1 yard. During, 
Freiieh llevoliiLion the confusion that arose from 
the u.se of dilTereiiL standards of length in different 
loealilies led the National As.sembly of Frnnec^ to 
ap]ioiiil a eoinmissioii to devise a rational and logieal 
.system of weights and measures free from the 
defeels of the existing .systems. At the. reeoiiimeiuha- 
lioii of this eommissioii the melrie system was intro- 
dueei! in Fraiiee in 17f):b 'Hie .standard metre is I In* 
length hi lweeii two transverse parallel lines ruled oil 
a bar of plat iiium iridium whieh is kepi iu the 
l*alaee of the Arebives al Sevres, Paris. The. reason 
for linking the slaiidard with a fraetion of llu* rpiad- 
raiil of the earlli was that the iiielre. eoulil be rrs- 
lored if it were c*ver lost or damagtal. Hut reeeiit 
measuremeiils have shown that the fraction 

10(.0,0W.0C.0 “‘•‘•'"••■•f'-'.v •••■P'-i-n.l ll.« 

metre. Kiirllu‘r, since the. size of the earth is liable 
lo alter with time its quadrant is not a suitable stand- 
ard for reference. 'I'he metre is therefore no\V 
.simply defiiieil a.s llie distance lietwecii tin* seralehes 
of till* aliove mentioned platinum-iridium bar. In 
order to restore it if it were lost and lo guard against 
any ehaiige of il.s length due to alteration in the 
crystalline slriielure of the material of the bar a 
number of jdiysieisls I'^reiieh and .\merieaii mea- 
.sureil its length in terms of light waves of a parlieular 
colour, 'riie metre is now known lo contain 
wavelengths of the red light from an are 
of the metal eadmium. The length of light wave of 
a parlieular colour is invariable; it does not alter 
with lime or ebaiige with place. If by a worhl 
c-alaslropbe all the metre .scales were distroyed to- 
day it woidil still be possible to reeoiistruel the metre 
absolutely equal 'ti length to the. standard metri* of 
the Palai’i* at Sca res. 

llaxiiig deiiiied the unit of length, tin* unit of 
mass was next deliiied,- not arbitrarily, but, by link- 
ing H with the iiiiil of length mefre. It i.s the mass 
of one eiibie-eentimetre (1 I'enlimelre - - l/]()()ih 
mc*liv) of water at the temperature of its greatest 
driisily (that i.s at The aeliial standard is a 

eylinder of platinum whieh has the .same, weight a.s 
a litre (one thousand eubie eeiitimetres) of water (at. 
its greatest density) and is called llie standard kilo- 
gram (one thousand grams). It was pn*pared by a 
eoinmillee of the Kri'iieli Academy of Sciences al the 
direelioii of the 1791 eomini.ssion a])poinled by the 
rreiieb National Assembly. I.ike the standard metre, 
it i.s kepi at the Palace of the Archives at Sevres. 
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The unit of lime in Ihe melrie sysh ni is I he 
Hwond and is equal to part of ilie nu-aii 

s<»Iar day. 'J’he unit of time is forliiiiaUdy the same 
ainonp;sl all eivilized nulions. 

Advantages of the Metric System 

'J'lut great advaiilago of tlu^ melrie system lies in 
using Ihe deeiiiial system for ohlaiiiing seetnulary 
iiiiils of lenglh or mass. 'I’he metre and llie gram 
might he ineonveiiieiitly large or siiiall for many 
measiiremetils. Sulisidiary units are Iherehire form- 
ej| hy multiply iiig the metre or the gram hy nmlli- 
ples and suh inultiples of ten. 'J’hus ilie whoh- array 
of seiondary units; millimetre, <'entiinelre, deeinn ln . 
metre, deeamelre. heetamelre and kiloim ire. ami 
similar ones for the mass are very simply related to 
one another. Kaeh is ten times ll»e preetsling unit. 
'I’his is in striking eontrasl to the Hrilish ineasiins 
of lenglh ineh, foot, yard, fathom, nu\, furlongs, 
mile, Ihe arhilrariiiess of the inter relations of nhidi 
has already been nd'erreil to. 

Ill nii‘asur(‘ment ol area and volume tin* units of 
Ihe metri<' system are e<|ually simple. \Vi- have 
eenliare (I s((. melre)^ «re (1,000 s(|. metres?, lie, 
tare (10.000 s(|. metres) and so forth. Tor the in 
eonxeiiieid rehilions of Ihe h'.uglisli measure of area, 
rod. acre ete. or lor Ihe matter of that, of any «»tlu r 
system 1 would ask you lo refer to any l«uik on 
arillmielie or lo reeall your sc-hool da vs. 

'I'he use of ihe decimal system gnatly faeilitales 
lumiereial «'ah‘uhitioii. 'I'he so-e;illed eompouiid 
•'iddii ions, mult i[)lieat ions and divisions <'an 1 m* carri- 
ed out in the melrie system with great ease. Imhad, 
the de<'imal system is sj> useful that manv eoiuitrhs 
like Itiissia and Japan ado])led this system for their 
coinage long helore they adopted the metrie system 
of weights and measures. At the present lime the 
coinage of L'nited Stales of Americ'.a is in Ilie decimal 
system though the wiights and measures are not in 
the metrie system. 

Weights and Measures in India 

Of the many eounlries linked with (Jreat Hritaiii 
the state of atfairs regarding weights and measures 
in Jndia is particularly eonfusing. hi the notes 


which precede the nrlich*, the altemjits made hy the 
(hivernment of Jndia lo introdius* a uniform systcan 
of weights and measures since IStiT an? described. IL 
will he set'll thaL nothing delinitt* has so far been 
aeliievi-d. 'I’lie system ill general use in the cities is 
the JSritisli unit of lenglh (yard) and the rndiati 
unit of mass (seer); then is no definite unit of <apa- 
<*ily. 

'I'his ado])tion of the Hrilish unit of lenglh along 
with Ihe improvised Imlian unit of mass aeeompani- 
ed by their ineonveiiieid secondary units is sutlieienl • 
ly eonfusing in itself. Ihit the confusion does not 
sitip Inn*. Ivseepl in Ihe, Hailway.s where the; above 
mentioned standards the yartl and the (Jovern- 
mi iil seer -are in uniform use, the units of lenglh 
aiitl Weight actually current are dilfereiil in dilferent 
parts td“ the eounlry. .V /ftt'j is .‘Ki inches in 
( aleiitla and 27 inches in Ihimbay. A cubit, Iiaih 
( Ilengah t»r COT*;#/ (Madras ami llomhay) is IS inches 
in Heiigal and IS.ii iiielies in Madras. A seer is any- 
thing tint SO tolas varying between (50 and lO.i. 
I he cloth nn asiire of Ueiigal is tpiite dilferent from 
that ol l>omb:iy or .Madras anti the lain! measiirt* t»f 
I’nilt d rrovinet s is in no way related to that of 
Orissa. I’or want tif space 1 refrain from enumerat- 
ing the \arious til her loe.d and provintual weights and 
measures current in this country. 

In .'uidilion lo causing gri'at ineonvenienee in 
trade ;nid (‘ommeret- Ihe diversity ami illogicality of 
ihe wtighls ami measures are rtsponsibh' for much 
edneatioind wastage in this eounlry. An Indian boy 
starts In* learning niaimd. seer and ehatak. 'riieii 
ioliows ineh, fool, yard; humiredwt'igiii , qiiartt'r, 
poiimi and tiunee. lie also learns acre, rod, pole ami 
high;i, eotl;d). elilialak. liesidrs these lie milsl learn the 
aptUlieearies measures tif sernple, ilram and iiuid 
oii;ie<-. i'inally when he enters Ihe college, ami 
hegiiis physics and ehemislry he learns the melrie 
system. He is struck with amaxiuieiil at llie h»gie 
;md the simplicity of llie system ami wonders why 
this system is not universally adoptetl. IluL an 
Imti.'in is ])ro\ erbially eomplaet'iil ami ju-rhaps an 
Imlian hoy is iiarlieiilarly so. Jle does not mind Ihe 
waste if time and energy involved in learning so 
many liilferenl systems, lie eloes not compare his 
own imfoi-tmiati; lot with that, of tin* students of 
other eounlries where a single logical system ed’ 
w'eighls and mi'asiires is in use. At llu* eliree lion of 
hi.s teacher he starts work in liis lahoratory iiieasur- 
iiig the Jeiiglhs in eeiilimetre.s, the volume in litre 
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aiul the weiglits in i!;rani fully knowing that the use 
(if this system is strit'tly limifi'd witliiri the fdtir walls 
of his laboratory and that Ik; will never have to use 
it ill daily traiisat'tioii in his own eoiiiitry. Nor tin* 
parent or the guardian of Die boy spends a inorii«*tit's 
thou^lit over the matter. I{i‘ does not r(‘alis(‘ that in 
these* days of keen eoinpetition and strii^irle all nii- 
neeessary waste of lime and eiKn'ijy of a school' boy 
shoulil lu* seriipuJously avoided. If lie did In* 
would have deinandid for a wholesale change. 

Conclusion 

It is natural to ask why. when so many countries 
have adopti'd the inelrie system liritaiii and I'liittal 
Slattvs art* still standing* aloof. The attiliub* of 
(treat Britain has been ])arti(*nlarly pn//lin^. As 
early as ISat the l)<*(*imal Assotial ion of Kurland 
started a,<>;ilalion for tiu* athiplioii of the iiutrie 
syst(*in. In ]>S(il> a bill was iiilrodue<*d in tin* Parlia- 
ment but failed owin;^ to (•overnnu*nl obj»*elioii. A 
permissive bill was howi ver substituted in its place. 
In IS7I anotlu*r bill was rej<*(*led by only .1 vot«*s. 
ill 1878 the N\'<*i^*hls and Measures A<*t was ]mssed 
repealing the permissive act of ISlil. In iSJUt a rt*- 
presentalive ,i>;roui) of liritish busim*ssmt*n pressetl 
this matter befon* the (Miaiut llor of the K\elu*quer 
Sir \N'. 15. nari*ourl Init lit* det liiit'd to iiilerv(*iK*. 
Finally in i8f)7 a statute was passt'd makiii:;: tin* use 
of the metric syslt-m legally optional and abolishing 
the penally for having in ont*'s possission a inelrie 
wt iglit or lilt asm*«*. 

It is iiidet*d surprising why Knglaiid should liavi* 
such strong prt'juditt* against this s(*ientiiit* and logi- 
cal system of weights and measures. The (|ii(*stion 
of national |irid(*, tin* fat*l ttial it is of l*'ri*neh and 
not of llrilish origin can hardly be one id* tin* reasons. 
.Vll till* principal nations havt* a(*(*i*pted it and I do not 


Ixdieve their national prides have suffered in any 
way. Nor the fact (hat during the period of transi- 
tion from one system to another there will probably 
In* a (*erlain amount of eon fusion (*an In* a .suffieieni 
t*ause for its non-aeet‘ptanee. 'i'he real reason, I 
think is the innatt* (*onservalism of human mind. .V 
(*onsc*rvatisiii which rt'fiist's to aeet*])t anything new 
and which (*oiijures up all sorts of imaginary difK- 
eiillies wh(*n(*vi*r any tdd establisht'd (*iistoiii is sought 
to be (‘lifing(*d. 

'Po t*ome back to tile ease of India it is obvious 
that acts liki* those, of 1S70-71 or 11)20 by wliieb the. 
use of tile uK'trie system is only made h*ga]]y optional 
are rpiitt* useless. What is n(‘eded is an at*! by vvliieh 
its use slioidd be inadt* compulsory. 'I'lie beiu'fit of 
such an at*l would bt* twofold, hi the first place it 
will lu‘l)i to slamti out the existing li(‘t«*rogeneouK 
system and introdiiee a uniform and logical system as 
is in use in most other (‘oimlrii's of tin* world, and in 
I Ik* second place tin* decimal syst(*in of its secondary 
units will eHett a great simplification in numerical 
(*a)(*iilalioMs involving fra(*lions of the primary units 
and a (*onst*(|uent saving of niii(*h lime and labour. 

The m(*re passing of an act would not of course 
In* ablt* to ehast* away tin* (‘xisting syst(*ms. Some 
propaganda work should be neeessary. 'I'be first step 
should be to make its use eompiilsory in the railways 
manag(*d [>y the gov(*rmiK*iit and in tin* ba/ars eon 
tndh'd by tin* city t'orporat ions. This should be 
siippleiiK*nl(*d by inslriU'litms in tin* primary si'hools 
wliere particular stress should be laid on the teaching 
of the inelrie syslt*in of weights and iiu'asurt's. 

W'v tio not set* any reason, why with a lillh' earii- 
(slru'ss of purpose we shall not hi* ahh* to achieve 
what other nations havt* already a(*hiev(‘d. 'I’liere 
is out* thing to In* said in favour of the reform of 
weights and measiirts. ['iilikt* many otluu* much 
iieedt'd n forins, the reform of weights and m(*nsiir(*s 
will not he an expensive propositimi. 
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Medical Research Workers’ Conference 

'I’lii* 1 Mil sfssidii 111 ' till* ( ‘nii fri'riifr of Mt-diral 

licsrart'li \>'orl<iTs in India was o|)riiiMl liy Major 
(M iirral Sir ('iitldirrl Sprawson. Dirretor (inirral 
of llu* Indian Mrdit-al Sor\ i«-fs al llir Sriiool of 'I’ro 
pii-al Mfdii-inr, Cali’iilla. In liis oju-nin^ sprtc-li Sir 
( 'iilld)i-rt rr\ irwi'd fin- work doin* diirini>; flu- last vt ar 
and ninarkrd: 

‘"I'lu- Indian llt-scart-li L-'innl Assoriation took up 
during the year two new lines of work, tiotli of wliieli 
ar»- of irreat iin|)orl aiiet- to the loimtry. A special 
eoininitlee was formed to eoti.sith r the ways and means 
of taeklin^ the ]>rohhm of maternal mortality in India, 
'riioii^h no aeeiirate (i^^iires are avaiinhie. an estimate 
niaile hy Sir .Itihn Mej^aw, till lately Direetor (fi-neral 
of the Indian Medical Service, sn^-^ests that alniiit 
200,000 women are layiiiju: down their lives every year 
in making their eontrilmtion to the eoinmiinity. 'I'lns 
lipin* ecpials the eomhiin-d annual nn>rtality in India 
from small pox ;ind plague and is nearly e<]ual to the 
dealhs from «-liolera every y<ar. 'The prohlem is. 
therefore, one of tin- lirsi rate import aiiee froio tin- 
point of \ew of piihlie health. ' 

Another eommittee that was set up. eontiniied tln- 
speakt-r. was tin- Nutrition Advisory Committee, 
which included a^rit-iiltiiral and Aeti-riiiary experts. 
"His Kxi-ellein-y the Viceroy, who has already 
expr»*ssed in many ways his interest in improving 
the nutrition id' the m.-is-.es in India, opein-d the ileli 
hrations of tin- Cominittee in .Inly last. A special 
^ranl of Ks. 10 lakhs was made hy the (lovermnenl of 
India and of this Its. S lakhs ;ire heinij si-t apart for 
aiitimalari;il work in the provinees and Rs. lakhs 
for nutrition resi-areh." 

Sir ('uthherl n-marki-d that past year had heeii 
an eventful one in the hislory oi the Indian He.s«*areh 
Cuiid Assoei.-ition and went on to say that the 
tinaneial position to the Indian Research 1' uiitl Asso- 
ciation has, for the past few years, continued to he un- 
sali.sfaetory and th»- resean-hes linaneed hy the 
.Vssoeiali<in have heeii eating;; into its capital rec-oiiree.s. 


A Ri-seareh Rroi^rammi- Committee was, therefore set 
up hy the «>;ovi-rnin^ hody of the Association with the 
purpose of seriitini/.in^: all tin- eiirreiil researches and 
ot drawing up a programme of works in their order 
of ur'ieney. the ^uidinu; priiieiph- heiiiy; that the im- 
portaiK-i- of any piece of research should he j mint’d 
from a hiimanitariaii |>oint of \ iew. 'I'he reeomiiien 
dations of the Committee have heen referred hy the 
^o\ernin^' hody to the Seieiitilie Adxisory Hoard of 
the Ri-seareh Kuml Assiu-iation anil I lie .Advisory 
Hoard will, in its turn, hi larj»i-ly ^nidi-d in its deci- 
sions hy the opinions expn ssnl hy the eonfen-nee." 

'J'hi- 1 lireetor-fieiieral, therefore, invited the eon- 
ferem-e to proeeid with the deliherations and. al Ihe 
same time, hear in mind that the ^overnin<r hody had 
laid down the principle that humanitarian i-oiisidera- 
tions should deti-rmiiie priority in the matter of selec- 
tion of the ditferent pieces of n-seareh. 

Su^ar Industry and Unemployment 

In the course of his reei-nt hroadeast talk on 
industrial development and unemployment. .Mr. T. 
Wi-stoii, Direi-tor id’ Industries. Hen^al, discussed the 
east- t>f the liiiliaii Sii^ar industry and its pheno- 
menal growth uiitler protection. The main diirieulty 
in foiiiiflin^ a new intlustry diiriii<>; years t)f dt-pn-ssioii 
is to tind capitalists who will take the risk of in- 
vestment. In the ease of Ihe siii»;ar indiislry this risk 
was removi-d hy proteelixe tarill' legislation which 
from Septt-mht-r .‘iU. Itt.'il, imposi-d an import duty 
t»f Rs. P-l per t-wt. which amounted to nearly 200 ])er 
cent on the price of Java siijrar. 

.\s a dirt-el i-t»nsei|ueiii-e tin- niimher td' su|j;ar 
faetorit-s in Iiiilia iiu-reased from .*{2 to l.'5d in tin- live, 
y«-ars tJ);M to lO.'Hi. fn other words tin- factory in- 
tliislry ^n-w five limt-s in five yt-ars and tin- proflin-tioii 
of siifrar inert-ased from ahmil I.'iS.OoO tons a year 
to 700.000 Ions a year in Ihe same period. 1 1 can 
therefori- he saitl that as the rt-sult of the etl'eetive 
shelt<‘r f»;iven to this one industry, over 100 in-w fat- 
lories have hi-en t-slahlished in India with ;i pahl up 
eapitali/ation id' over 10 t-rores of rupi-es and ;^ivinjr 
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oinployinoiiL csUniatt-d at 500 rln'inisls, about 500 
in(‘(>bani<‘s, rii<>:iiUMTS. and supervisors, 1,000 eli‘rlvs. 
stori*ker})rrs and ]>iiri-l»asin^ agents under the eonlrol 
of altoiil 100 sii,i>;ar inaniifacturini^ experts, tiiany of 
whom possessed Kiiropeaii experieiiecd Irainiiifi:. 

“'I'lns sliows aiaindantly eb-arly wlial ean be done 
lo develop iiuliistry by i>'ivinu; il a slielleretl niarkel. 
In my jiul^meiil and experienee no other nieasiirc 
tnk(‘n by any (ioveriimeiil lias been so strikingly siie- 
eessfid in this direelioii. as this aetion of tlu^ Oovern 
nieiit of India. 'The result shows eioarly tliat wliere 
suilalde eoiidilioiis are already in existeiiee, a poliey 
of ^ivin^ a sheltered niarkel ean stiiniilatt* industrial 
with ail its ojiportuiiilies for increased employment, 
and that fi-w other im asiires or reme-li» s i‘an ^•olnplete 
with this kind of aition." 

Gifts to Universities 

1 1 has been a liiek x season for the lirilisli 
I 'niversilies. Soon after llu* announeeinent of the 
mafcnitieieiil irifl of a cpiarter million pounds by 
Sir Jb rbert Ansi in to I he ( 'a\ endi.sh I.ahorattiry, 
('ainhridi>'e, eame the iiew> of Mr h'raiik Jbirkiiisiiirs 
^ift of 1*50,000 to the rniv<'rsity of l..eeds for 
establishinii: a seholarship endow ineiit fund. (SeiKN< i: 
& (*i ui:. I.M), lO.'Oi i. I.asI moiilh wt- aiinoiineed 
tiu' j»ifi of L* I .*J 50.000 lo the ()xfi»rd I 'niversily for 
medical research by Lortl Niillield. Now eonies the 
news of Mr Parkinson’s Iresh i;ift of €200.000 to 
the Le«'«ls I 'iii\ ersily . 'rhis new jj;ift will be used for 
biiildiiu;; a eetilral block lo provide the main 
areliiteetiiral feat lire of the w lioh* of the university 
biiiidiiiif seheiiie. Mr l''raiik Parkinson is the ehniniiaii 
of Missrs ('romploii and Parkiiisiin I, id., and is an 
old sliideiii of tin- I. ceils I. 'iii\ ersil y . 

Dr S. C. Law appointed Sheriff of Calcutta 

We are ^lail to learn that Dr S. I.aw has lu’eii 
appointed the new SlierilV of Caleiilla. Dr Law is 
one of the \ ice presidents of the Indian Seieiiee New's 
Association and is aeii^'ely eonneeted with many other 
jnihlie iiisl il ii| ions, lieiiiM; a vice president of the (*oin- 
initlee for the Maiiap;! mi iit of the. Zoological (btrdeii. 
(’aleiitta, a trustee of the Indian .Museum, honorary 
i'or respondent, ZooIo_i*ieal Survey of India, a Fellow 
of the National fnstiliUi* of Si-ieiiees of India, a 


Ciovernor of the Mayo Hospital and a Coiiimissioner 
for the Port of Caleiilta. 

Dr Law i.s an eiilhiisiastie ornithologist and has 
a tine eolleetion of rare Himalayan birds in bis aviary 
at .Vgarjiara. Me is a eorrespondent in Ornilbology, 
iliinabiyaii (Mnb, and is the author of several books 
on Indian birds. He is also the editor of a seienlifie 
joiirnal in Heiigali, known as Prahr'ili. 

Dr Law eonies out of the well know'll Law family 
of C'alentta and is a prominent figure in tin* business 
circles of the city. He is the honorary treasurer of 
the Ht'iigal National ('hainber of ('ommeree and joint 
treasurer of llie Federation of Indian Chambers of 
Commerce and Industry. 

Roman Pottery Kiln at the Science Mu.seum 

\ pottery kiln, in w’liieli small domesLie arliehs 
were madt‘ at least sixteen hundred years ago at the 
time of the Itoinan tH‘eii])ation of liritaiii. is now' on 
\iew to the piihtie at the Seii'iiee Museiiiu. South 
Ki'iising'lon. 'I'he kiln. wliii‘h was crudely const nieled 
of clay, is in an almost perfect slate and is the eiiiy 
one lo be seen in this eountrv. Il was discovered 
under the soil in the middle of a ;t() acre ploughed 
field at Woodrows Farm, Compton, near the village of 
Aldw'orth, Merkshire. 'file ])reserval ion for more than 
sixteen eenluries of such a fragili- object is dm* largely 
to the fact that the ground beneath the surface soil 
in which (lie kiln was found is soliil chalk; this for- 
tunate eiremnslaiiee made it possihle to isolate the 
kiln from ils surroundings. I’luler tin- supervision of 
.Mr 'T. C. Crawhall, an oflieer of the SeieiU’c Museum, 
il was encased in reinforeial concrete and the total 
weight of I''[ tons was hroiight safely lo London hy 
road without damage. In the Seieiiee Museum il is 
exiiibiied in a realistic representation of its original 
setting. 

'rill' disf'overy of this interesting relie, which makes 
siii'h a useful eonlrihiilion to our knowledge of an im- 
portant craft of the past, is largely iliie to the reeenl 
introtliietion of the Iraelor-drawn ])]oiig'h and to the. 
vigihinee of the owner of the farm, Mr Keiinneth 
Chaimiaii, who noticed, when ploughing more, deeply 
than was clone fonnerly wiih the horse-drawn plough, 
that a portion of the gromui had a darker at>pearanee 
than the remainder and eoiilained a numbe r of pieces 
of broken ]>ollery. He kindly reported bis disi-overy to 
the Newbury Museum. 
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llic Lower Ionosphere 

'rin* ioiu>s|)lirri* or th<* roiiF of flic worKl is 

responsible for the siiee(*ss fiF hiiitr (li*<t:itiee wii'<*less 
prop:i^:itioii, I'or if lliis ilid not exist rndio siLpnis 
would li.'ive leiY the siirbiee ni'thi' e.irth :iihI been lost 
in sp:iee. Ihit the iniinsphere eoii-^isfiii'' nf i<in> ;iinl 
Tree electrons I’nrees the siy:n;ds dewii to tin* eMi'tli. 
Appleton Miul oIIum’s romi<l by experiiin‘nt:il iiives- 
fiyiJifions th:it there :ire t wo rln'jd’ hiyers the K :it :i 
height of iibont It)() Km. mid I*' :it :i height id* :ibniit. 
‘Jot) Km. 'riie hitter is split irein-nilly dmiiij^ the 
niy:ht into two hiyi'rs the V\ jit :i height of ITift Km. 
:iiul l^\i !it :i height ol* L’.'it) Km. Alumt :i yenr :iiul 
:i hnir ntro ]*rnf. S. K. Mitr.i :ind his etilhibnmtors 
(oC ('jilentta) round exi^teiuM* nf :i lower l.iyer of 
relleetion at a heiy;!it of about .’ill Km. Sub^eijiien- 
tly they found also lay<*rs at heijrhts of about dtl 
Km. and "riiesi‘ ilisi-overies were not at, first 

jjtiveii miieli ^•|•eden^•e, but (‘oiiliriuat ions of their 
existence' have n‘<*eutly poiire'd in from many imh*- 
pemhait ijiiarter?^. IJei*ently ('olwell and Frieunl 
workiii'j: at Mor!j:an(own, West N’iririnia rniversify 
(1. S. A.), have obtained relh‘etions from lower 
pai'Is of the ionosplieri' ll^hiisicnl AV'/'/e/r, ()et., 
I!i.il>. p. d.'VJ). <bie of the relleetiiu!: rejrioiis ealleal 
the* I) re.Liioii extends from Ik’i-tio Km., the other the 
t’ ri'H'ion from Km. This disi*o\ery li;i^ aUo 

been (‘oiitii’iiied by Watson \\all, Uaiiibrielif- I>ell, 
Wilkins and Ikiwiai workiim' in iMiiilaiid. 

On a Rajgir stone image inscription 

In an inten-st inij article entitleil “Iiaj^ir 
(Maiiiar Math) stone imajze* inseiiptioii [Juttnml 
nf Ihr llilffir ninl (hfssn lirsamh Snrirtij. 'JL\ 
Tll-St), llllJti) Mr K. P. daya^^wal «li>eu>'-es tiie 
portion of a concave' IVie/^' hmml at tiu' Maiiiar 
Math site of Itajirii* v Mir.se of aia*liar'<»loi:ieal 

excavation. 1diis portion repre.-euts a fi-iire >eatf‘el 
on a hill. Itelow it there is an in-eription in two 
lines. It. runs thus: L. I. pnrnifn Viiniln L. 1. 
Itnjri Nyv'/W/.v/, The literal translation of this iiis- 
eripliou is as folh.ws : The hill (is) The 
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kinir (is) Sn-i'iibi. Aei-onlinii- to the ;nith'»r the 
exact si«;nilieance of this iii'^cripf ion i’« that **(ln' 
hill lairved above* is Vipnin, one of the livi* hilU of 
Uajilir ; and tin* kin^ carved i»n it i:^ 

(p. .Stl). 'Idle chai’acfor^ id’ this iMscrijition are early 
Ku'^han ( Nt ee-ntiii-y A. It has beon held 

that iS'/v iV/V.v/ inciitioMi'd in tlii'^ iiiscj ipt ion is no 
other than Iti inhis.\rn^ the Maiiadhan kiiiy:. It is 
further o|>ined that the fratinn'iitary im:i<j;(‘ probably 
I'l'prcsfailed the kiiitr Unuht.'^^'rn. 

( '. f \ l)ns (in pin. 

Use of Micro-organisms in Sugar Analysis 

llardinir and .Nichobon (Hint In nt. J.'JT. ltlS*J. 
ltl.‘».*») de-.;vrlb(‘d a sN >trm of ( 'arbidiydr:it(‘ analysis 
by the Use oi I'ertain miero-oruani'^ms, 'I'he method 
made possible the (|nant itat ive an.-dysi^ in tlihite 
solutions of mixture id’ ir|nco>e, Lral.icto'.e*, siu'ro.se, 
maltose', laetos(> :ind fructose and iinniio-^e. Ihit (he 
dill*er<“nliation of fru(‘(os(> from m:lnno•^e was not 
po>sibh* by the iisc ol the biological rejijji'iits (‘lu- 
ployed at that tiim*. 

Miirnruftns Uh'injcnn^ ((i.dfkya le(rajLr<'tiii) 
produce' acid from Lduco.se. fructo.se and g.-dacto.se 
but not from nianuo.se, laetoscorsaccharo.se. Hence 
(Infihiin Irinnif’tni was used as an au'eiit for the 
removal of ijlneosc and fnc'lose*. Sinei* (I. hinnjvnn 
removes iilnco*.e and l!'neto>.e and .lA ht'nsrt rt'ino- 
ves trim'ose, fnieto-e and mannose tin* reducing 
value of (he mainiosc pre..i n( in a snlntioii may be 
iditaineil by subt rai-liiiL; the ndneing value of tin* 
residual siigai’ left alti r tin- ai-lion of .1/. Krtisri 
from that left after tin- action of H. hlnnjnni. The 
authors lia\e -hown that Id’, .\icliol.soii. llhnhnn. J 
Vol .‘>(1. No 10, |S0|, I0!!ti) b\ the Use of (1. Itlni- 
prnn a ready scpir.ition ol fructose and mannose 
when pri'-^eiil in dilute 'olnlion.s could be elTceted. 

(’oiiibining it-- n^e with that of /*. Vnlpniis and 
M. Krnsri it po.-sjble to analyse mixtiire.s of 

wlucose. fructose and mannose and to n'cover added 
friicto.se and mannose frimi blood and urine lil(i‘a(e.s. 

//. A'. /;. 
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Royal Asiatic Society of Bengal 

All (tnliii.iry in(»iitlily nf tlic Rf»yal A>«ia- 

lir SiK‘if(y ol' iM'iijijd xva-N licUl mi Monday. 7tli 

Tlni I’nilnwiiijr candidates were halloted Inr as 
Ordinary Mcanliers ; — 

Hasn. Indiihiinsan. M.l). ((’alA, Medical Praeti- 
tioiKT, Associate Prol'cssor of ^^(‘dicili<• and N'isitinjr 
Physieian, Uai-mi<‘liael Medii'al Collejro : PK Viveka- 
nanda Road, < 'alciitta. 

Diltf, Raulninatli, Mercliaiif. I(i7. < )l<l ( 'liiiia 
Ra/ar Stri'ct, Calcutta. 

Mittra, Saral < liaiidra, M.L.( Landliold<‘r. ol. 
Shainpiiknr Street, ('alciitla. 

.|)a«j;a. Madaiiixopal, Merchant and Lainllord, o7l. 
Upper Cliitpore Road, t'aleiitta. 

Ranei'jee. Satyendra Mohan, R.A. ((*al.), .M.A. 
(Cantah.), I.i VS, Sc<M*i*tary, Hoard of Revianie, Hon> 
^al. is I, Rally^nn^t' Cir<‘iilar (toad, Calcutta. 

Sen, Dhirendra Nath, Merchant and l/iiidlord. 
7. Rawilmi Street, t'alciitta. 

liillespic, Ainlrew Dollar, Clieinist and Seiiim- 
Part'ier. Messrs iVitliL^ati* iV: Co., 17, OhI Court 
I loii-^** Strci'l, ( 'aicnita. 

( iiiosal, Saradindn .Mohan, .M.R. (< al.), .M.R.t VP. 

I Loud. tV: Kdin.'. Lecturer in Medicine, IVinee of 
Wales .Medical Colle^jc, l^itna, 

l)OM>, Ainlaij Nath, M.ll.h'., .M.D. iLaiisaiine) K.R. 
C.P. (Kdin. .V Loml.), Lt.-(’ol., I..M.S. .Mcilh-al 
( ’ollejic. Pal na. 

P,ancrjcc, Trldil) Nalh, M.P>., M.R.C.P. (Lond. 
Ivlin.), IVofes-^or of Medicine, Afedieal Collej^e, 
Patn:i. 

^lookcrjcc, IV'iiode Cjopal, /einindar and Mer- 
chant, Mkiknlia Utilise’, Kidtlerpore, Calcutta, 

Austin, Arthur C.. Civil Knjrincer, Deputy (’hief 
Kn^iiMMM*, R.N. Railway, 1 li Ciaivh'ii Reach Road, 
(Ailciitta. 


''riie following papi*rs w<*n* read - 

1. .V. Ik'iuM’ji- .1 liinhlha hmufr fnHn l\nrLilfir. 

Kiirkihiir is now a small vilhiiri*, ahmit ‘J.‘l miles 
4*ast of Rodli'daya. It was visited by Major Kittoe 
in iSit) and ISIS who diijr up a lary:c nmnber of 
statues from one of the iiifiimds and deposited tlu'iii 
with tin* .Vt^iatie So<*iely of Rcnifal, fi-om where 
thesf* have now found :i place in the Indian .Mnsciim, 
t ’ah'iitta. 'riie place was alxi visited by the late Sir 
Alexander Cunningham diiriiitr tin* workin;r s<*ason 
of iSlil-li'J. After Ciinnin^h.'ini's vi>it, Kiirkihi'r 
remaint‘d ne^lect(‘d and its moiinds became the 
favourite i|iiarrie> of nnnhan builder’^. "The site Ini" 
re<*enlly rained public notic<> by the accidental 
iliseovery of a lar«re nmnber itf metal iiiiaj^es ol the 
Pida period d(‘scribcd by Mr K. P. »bi>>wal. 

In this paper tin* aiitlntr ilc'crlbis mic ol the 
>cnlptnrf‘s, a Ihitidha inniL^i*. fomnl at the place. I he 
inia;i:e is made of bl:iek basalt and measure I' 
y .j/ I le identities t he iniairc M" beloni»in»i' to 
the P«da pei'iod :d)ont the llth or I-th ecnliir> .\.D. 

1*. A. 11. Harley Mm Snhhuilnh. .1 pnsl- 
rlffsstrflt - 1 / 7 /// 

A l/iott'raphical acemmi of a well-known poet nf 
the po"t-cl;i.s^ii-al period of Arab liter:it nr/*, W'ith 
translated specimen" of his coinposit imis, cspei'ially 
of those in //////■. -met I'c, in which he attaim*d c>nsi- 
derabic e<*h‘brity. .V note is added on the p(*riod of 
the eHlorescence of this metre. 

S. N. t.Miakravart i. .1 srtil phinul Linirl nf 
UnpUi lifilr frmu 

A tloor lintel with reliefs on its lower fa<*e was 
dis<*over(*d during: tin; excavations at Sririn'tli in 
PM)7-()S. 'rin? fa<*e oi» whi<*h the reli<*fs are found is 
divhled into six panels. The intervi'iiin^ four ]ianels 
Illustrate a >l»tak:i scene. Pandit Daya Ram Sahui 
iiidentilied the s<*ene with tin* I^di version of the 
KInnitivadi dataka. The writer of this paper, how- 
ever, indeiitifies the .s«*cne witli the Kha'iitivadi 
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ill tli(‘ fJ»taknni:il:i, » Sanskrit n'n(]<Tiii<r nl* 
only tliirty-fonr Jj‘takas, asrribod to Arva-Sara. 

I. (i. K. <iatos and M. Ilia Kyaw -VY/r f ft/rf- 
htut nttti sr.ftuil Mnhirihi /// ihr Mt ijtist ifh i hnu . 

Kartliwonn-^ id' tin* '•nh-ramily .Mrua^ro|i*rinai- 
(dtlior (‘opiilatc in an aiditidlatc I'lMidifinii nr idsi' in a 
rlitidlato (‘ondition al'tor wliirli the ( litcllniii disap- 
pears. 

An attempt is de^erilM•d to di>en\ei‘ il the '.remid 
alternative is a enrreet eyplanat inn. 

The rollowinir exhiltit^ wi-n- shnw n and eniiimeiit- 
ed upon : 

1. ( ’hinlahai'aii t 'liakrax arl i LHHt hnnirn 

nf hrn rtilrhrtilnl Ttuth ii W'l i/rr.s, 

An aeeonnt will lie ^iveii, nn lie- Ka'-i" nl' thi- 
maiiliseripts of the linyal Asiatie Sn<-iely of lieiiiral. 
of the and the fnUrn. Iwn litfh- 

known works re>peel is el \ l»y Lak iiiaMa l)e ika anil 
l^|jL!:hava Ilha.Ma, who are well known a^ the antlioi* 
and the eommeiilatoi* of the famon^ rantrie work 
the N»i/v//Ai//7<(/.v/. Mss. nf I hi' wnrl<- are enmpa- 
ratively rare >peeially in enmpaii>nn wilh thn>i- id’ 
till* Sor’tf/ftfi/ftl.u and it> i-nminenta! y. The MSS, 
that have already heen ri'ported are >i-areely aeee> 
>.ilde helenti'ine; as they dn to private i-itlleetiniis 
many of whieh ai’e no lnii!i;er (raeeahle. 'riie snid-'iy's 
MS. of the Ininas iip tin- total mimher 

id' the known MSS. id’ tin- wniU l'> hur all nf whieh 
exeept the niie in tin- Slali- l/il»rar> nf Uikaiiei- :iri- 
in the lienn;aii <eripl, s|m\\ii|.j that tlu' \\nrk \\a- 
little kimwn niit>ide Ih'iinal. rhnii!ih •‘i vi-ral MSS. 
nf till- Kiilihiltrn were repni'leil all that was himwii 
of the wnik was lhrini‘j;h a -Imit imtii-i- h> I*. L. 
Mitra in till' Ih ( ';ilttltnitn nf Stut.sf.rt/ 

.1/SN. /// the Lihun II nf fits lliiihiti.s> Ihi Mnhtnnin 
nf Itihtiiirr. ^riie Sneii-ty pns>(.-s>i— iw’n MSS. id tin- 
W’nrk, niie id wliieli in ihi- .Naii'ai'i ^eri|it is Iraii 
meiitary while the nther in Newari si-ript. aeijiiired 
very recently, is enmplete hut fur nin- ehapter and 
is in a tine state nf presi-rvatinii. 

*J. M. Mahfii/-nl-l Ian .1 rnlnnlih- Mnnnsn ipl 
nf nil I’rtlll rniiimilir l*uiiu iMnlhiimri) rniupnsnl 
Inj Shm’iif-'it/i^Xis’i, n hniii nf Mm slinhihml I /»V //i////t. 


This valnahle, and apparently nni<|ne. iiiainis- 
eript, whieh toi'nierly helonixed to the library of the 
.Nawwal) \a/im< of neneal and now adorns my coll- 
ection id Islamic mamiscripts. is :i ImiL^ Mnlhmuri 
poem in I rdn. eomprisinir |oS Inline and eontainine- 
more th.-m l,l)IMt \ ei-si's in the Mtihninrih metre, 'rhe 
poem was eoiiiposi-d (ahniit 1 S |.”)) hy mie Sharaf-iin-* 
Xis.a and dedicated to Naw wah l^■l|■idnn dah and his 
mother lia’is-mi \isji |ii>Mimi id' Miirshidahad. 

It is prohahle that nm- niaiiiiseripl is the nri;riii;d 
ciipy which was prep.-ired fmin (he anthnr'-^ di*aft as 
il eontains additions and emendat inn-^ in the hand- 
writ inir of Shai‘ar-nn-\is:i her-i-lf. 

'I'lie poem is a line mid pos^ihK the mily ext. ml 
specimen nf the pnetieal enmpnsit imi n| a lleilj^ali 
Muslim lady nf the la-*! ei ntiirx. 

Indian Physical Society 

A meet ini' of the Indian IMiysii-.d Sneiety W’as 
held nil l*Vida>. the ImIi |)*‘eemln r, ItHhi. in the Lec- 
ture Theatre nf the Department id Applied Physics, 

I niversity t 'nlleiie nf Seieiiei-. !r..* I ppi'i* t 'irelllar 
Itoad, < 'aleiitla. 

hnllnwillli’ paper- were lead : 

1. U. t '. Majnindar : t >n I he •■hanL!'e ot eniidiic- 
livit> in Ime^itiidinal ma'jiieiie tield. 

\ .1. N. lihar : t )n the i lVi et of meteoric -hower 
nil till- Inlii/atinii nf the Upper at inn-pheie. 

.'I. S. t Sii lx.ir : Ihimaii etli-rt at low tempera- 
ture-. 

I. IV t '. .Mnkeiji: t )n the l-'hinre-cmce spi'c- 
tia nf rare earth inn- crN-tal- and -nhitimi-. 

.'i. U. tihn-h : Aiiiiiilar di-t rihnt inn nf -hnwei-s 
pi'nihiei'd in h-ad at liiLifh altitiidi-. 

II. .M. K. Sen : riie Land Speetrmnid (hiliinm 
nvide and it.- |.-n|npr I■lleel. 

7. M. K. ^^en : Inve-tiLratinii- in tin- Infra-red. 
IVirt II. The ahsnrptinii -pectriim of |>nrie acid. 
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Book Review 


Fauna of British India-Protozoa, Ciliophora — Ihj />. 

L. Uhntin, JlSc., F.Z.S.,F .SJLS,, Ptihlislinl mukr 
the tntihorllij nf the Serretanj nf Sfft/c for TmUtt in 
Fan nr if tnj Tmjinr awl Franri.s\ Lnnthn. 

Til tins book on Ciliophora th(? author ha^^ incor- 
])orat(*(l liis years of valuable expcrieia*!* on the sub- 
ject ami we believe that its publicalion has filleil up 
a gap in the series pulilisluMl under the name of 
Fauna of British India, iiK'lndin^ India, Burma and 
(\‘yIon. It opens with a j^lossary of te<‘hnieal terms 
and th(‘n tj;ives a systeinatie aeeonnt of all the known 
eiliat.(*s described or recorded from India, Burma and 
(Vyloii. It is profusely illustrateil with typical 
tijjiires in the text and have, in addition, eleven plates 
which depict the pit'tiire nf <‘iliates found in the 
rumen of Indian <‘attle. In tlie introdnelory <*hapter 
the author has jjiveii a list of speei<'s bmnd in diller- 
ent regions, and in ease of parasitic forms in parti- 
cular hosts, in tlie h(»pe that these may be of use to 
"WorkcTs in partitailar areas and to thos«* xvorkin*^ 
for the parasites in particular hosts. Thus a book 
like this is sure to render service to workers of all 
types inehidin^ nH^lical and vet«'rin;iry. lVineip:d 


methods employed in the study of Ciliophora have 
also been iiK'ludod h(*re with the hope that those 
who intend taking; up the study of this interesting 
};ronp may find it helpful. 

Tn all 310 species that an* hero included are but 
a small fraction of the total known from other parts 
of tin* world and the author rightly impresses this 
fa«*t on the minds of future workers. Therefore, for 
future work<‘i‘s, this is more an up-to-date guide 
book than a complete work on Ciliophoi'a as far as 
India, Burma and Ceylon are concerned. A com- 
ph‘te list of bildiography given at the end of the 
book has, in a way, paved the way for future g(*ncr- 
ration who may have fascination for this, though 
intricate yet extr(‘m(‘ly interesting, group of 
organism. 

Wv strongl y feel that the publi<‘ation of this 
volume has sown a seed of Protozoology on our rich 
Indian soil which, wa* hope, will soon bear fruits. 
We oiler our hearty congratulations to the author 
who is tin* second Indian to have eontributisl to the 
scries of Fauna of British India. 

//. .V. //. 
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Letters to the Editor 


Emetine- d-Camphor Snlphondlc 

It is well known that the injection of eniftinc luMlro- 
cliloricle is always very painful and further, the ilru}{ has a 
depressant action on the heart muscle ami often produces 
feeble pulse and cardiac irrcKularities. S<i a search for an 
emetine compound haviiijr no such undesirable by-ellc*cls 
seems to be of considerable impftrtanre. This is more 
desirable if at the same lime a com]mund of emetine be 
found, which might be adininistratcd orally as it is now 
being generally recogins<“d that emclitie by inoutli is more 
eflicacious in the treatment of amoebic dysciitei v, than by 
injection. 

Recently sodium salt of d-camphor-/i-siilplionic acid is 
being largely used both orally as well as hypodermically as 
a general cardiac stimiilant. It might be expectcil that a 
salt of this .acid with emetine base would allord a product 
which luiglit be safely adininistr.il(;d in all cases of amoebic 


• lysentcry'. Accordingly emetine (I part) liberated 
from its hydrochloride was trealeil in elilorofonn solution 
with two ]):iits of il-c:iinphor /I sulplioiiic acid The chloro- 
form solution w.'is then ernicent rated i>n a water bath, 
corded ami diluted uith petiolonni ether when a .solid 
separated out. This, on cry.*,talli/.iiig from a mi.xtnre of 
absolute alcohol and rlry ether, uas nbtained in clusters of 
iiceilles, melting indiirerently at 203-501® when heated very 
slowlv. A nitrogen estimation of the coiiipoiiiid agreed 
with the h»nmila 2 C,„II,^ 04 S. 

It is I'asily sidnble in water ami a 0.01% solution of the 
s.ilt has a pll e.i l,u. The ]>hysifdi>gie.il properties of the 
eoinpoiiml are heing studied ami wonhl be published else- 
where. 

Re.seareh Labi>ratory, Bengal Immunity, 

Haraiiagore, C.iK-utta. 12. .hi. W Basu. 

1. Carlos A. ' trail., Hull. Sci. pharmacol. 42, I.S2-6, 1035. 
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The Ii*vinc Committee Report 


Tiik OoYoniincnt of Fiulia lias |•(•l(‘as<•(l Im* piil>li''a' 
lion tlio ivport of tlio (iiiinmu’imial IvN'viowiiijr 
ol.‘ tlio Indian Institute* of ScieMice*, Uantra- 
loro, wliirli was pn*sid<*d over by Sir Jaiiu's Irvim*, 
v\ II. S., Vico-obaiu'cllor ol’ llio rnivorsily ol St. 
Andrews, Aberdeen (see tin* (itr.rtifi nf Xov. 

‘JS, l'"or the benelit of oiir readers we* are 

j^iviiif^ a sliiU’t/ re*vi(*w <»f the* report and the* ae*lion 
take*!! thereupon by the (.llf)v<*rnmeMl of Imlia. The 
reaeler may re*fer to our eaiTie*!* e'eli^orial on the 
Indian Institute* publishe'el in Mareh 

The publie pre*.sshas take*n tlie appe»intment e>l tliis 
Ceniunittee as a e*e!isure on the* pre'.-^enl I)ire*etor. 
Sre*h a!! i!npr(.’ssion is due te» it;;ue»rane'e, ieu*, aeM*eu'd- 
ing to the rule.s anel re-jnulations ;ind statutes ed the 
Institute, the; (bive'i’iieu* (leiieral-in < ’t)uiie-il luis no 
eiptieui but to appoint a Revie*win<^ (.\uninitle*e every 
liflh year. In the.; pr(*.se*nt ease*, the (’emne-il, nnele*r 
suii'jjevstie)!! from tiie l)ire*e*te»r. passe-el a n-.sohitioii 
(whie*h W'as earrie*d aj^ainst a strein”: minority), a.^kinj!: 
the* Viceroy not to appoint th(*lb*viewin«r ( \»mmitte*e*. 
lint in inaki!!^ tills re‘(pic*st the (’ouneil hael tran.s- 
}^re*ssed its pe>we*rs, and tlie ae-tion e»f the Viceroy in 
refusinjr the* re*epu*st anel appointing the (.\»mmitte*e 
Avas ji well-de*servcd re*])uke* to tlie* (^mne■il as we‘11 
as to the l.)ire*ete)r. 

Our impre*ssio!i is that the Irvine* ( \)mniitte*e*’s 
report is a very wedl-eem.sidered and well-balane*ed 


eloeiimi-nt and we are* ^lad to note* that its main 
r(*e'e)iiinie*nelatiem.s have* be-en ace-(*pt(*d by the* (Viiiiicil 
anel the* (iove*rnm(*nt e»f Inelia. W'e* may now heipei 
fen* a pe*riod of stability and pre)*;re'.ss fen* the* In.stitiite*. 

Tlie re*pen*t is diviele*el into thre‘e see-tions ; (1) 
l^irt I revie*ws the* pre*se‘nt adinini.stration and de*als 
with the e|ue\slienis e>f polie-y and aelmini.stration, 
(2) Part II eh'als with tinane-e*. and f.'l) Part HI with 
sj>e*e*ilie* proble*ms allee’linj^ the* Institute*. We* shall 
he-re e'onfiiK! enirselves to a di.seu.ssieni of Parts I 
and III. 

Policy and Administration of the Institute 

In enir c'ditorial mi*ntiom*el abe>ve*, we jr;ivo a 
re*vie*w of the* aims anel obje-e-ts e»f the* Institute and 
we- e’xj)re*ss(-el enir fe*ar that “in spite* e»f the* warniiij^ 
e»f the* Sewe*ll Cominitte'e* and in vieilatieni of hope*H 
rai.-^e-el by the- I)ire-e*tor himse-lf in the* minels of the 
Ineliaii publie*, the* Institute- is be-in«r taken aAVay 
from its original iele-al by iineli.<^iiise-el ae-aele-mi/atieni 
elf its ae tivitie-s’’ and by subordinatieni eif the inte*re*sts 
of e)the*r elepartments tei tho.se eif the ne*wly o.stab- 
lislie-d De-part ine-nt eif l^hysie-s. 'The* Irvine 
Cennmitte-e says ; 

‘The; In.stitute has be*e*n pe*rsi.stently e*riticize*d 
eni the* *j:ronnel that its main e*ne*rfj:ie*s liave; be*e*!! 
ele*ve)te*d te) pure*ly .*<e-ie-ntilie* re*.se*are-h and that in 
e*einse*e|ue*ne-e* it has pre)V(*eI tei be* of little* se*rviee to 
industry; inde-ed the* iele.*a se-e-ms tei prevail that 
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contact between (he Tnstitiiti* and practical affairs 
is non-(‘xistent, or at tlie best is nejjlijrible, and that 
for tills state tif allairs (Ik* rnstitii(e aloiK* is (o blame. 
An impar(ial exaininafimi of the facts leads ns to 
the opinion that tlie fault does not rest exclusively 
with the Institute* which has (*nd(>avonre(h with a 
measure of success, to inv(*stijratc such industrial 
problems as have* bt'cn submitte*el to individual 
departments. 

“...Tt appe*ars to be well e*stablished that appli- 
ed researe'h doe*s not ree(*ive* the* sympathetic support 
of the Diive'teir aiiel that on o<‘(*asions such work 
has be*e‘ii diseoiira^ed and dispara^rpd hy liim.. 
It is neit an exa«rjj:**i’Jiti«»n to say that the resources 
e)f the Tiii-titiitc arc ne»w be-inj; concc*nlrate*d in the 
direetiem e>f research in pure physics, anel (hat an 
atmos])herf! has be*en createnl within the Institute 
and, more* publicly, thre)u;j:h the aj^eiwy of the* Press, 
which is desi^iu*d tei place* sue-h re‘se*arch at a 
premium. Pnde*r these conditiems appli<*el re*se»ar<*h 
cannot possibly flourish, and unle*ss our re*eomme*n- 
datiuns are* aelopte'd promptly, the'ie is little eloiibt 
that the* Institute will soon lose eve*ii the slcndeT 
coniK'xiem with industry which it still retains. 

“...The ae*(ive preisi'eaitKin eif applieel researe'h 
slmuld be rejiarded as a duty, williiijjly undertaken 
with the e*ertain kiieiwle*eljro that the mem* ene*rjre*(i- 
cally this eliity is fullilh*el, the h*ss scientifie* promi- 
nence* b<*e*eune»s altache*d tei the* work<*rs tlie*mse*lvcs. 
bVw publicatieuis are like'ly te> result freiin suc.*h 
researe'h work, but this ne-ed not be de'plem*d if in 
the e*nel the Institute is inaelo to play the part for 
which it was e*r(*ate*d.’’ 

The*se rinelinjjcs sIkov that Se iKNe r. and Cri/rruK 
did a service to the <*ountry by point oelly refe*mii}j 
to the de*|>lorablc state of alia irs at the Indian Ins- 
titute*, and the* Irvine (.\)mmi(te*e eliel practically 
ae'ce'pt all suy:jrcstiems niaele in our e*elit(»rial ; yet 
our Londeui conteiupeu'ary, \afttrc, which feirms its 
impressieins freun a elistaiiee of 0,000 mill's, .stig- 
matize*d this article* as nulimcltj ! 

The Ideal of the Institute 

The ielcal of (h<i Institute is laiel elowii by the 
Irvine ('ommitte*c as follows 

“We are fully alive* to the aelvantascs and the 
cultural anel material be*neli!s which ae*eruo fi*om 
fundame'iital scicntilie work; ce|ually wc re*cojrnize 
that there is no eontlii't be'twecn pure* and applie*el 
re.search which (*an be*, and e)uirht to be*, ])rose*cnt(*d 
siele by sieh* to (hi'ir mutual ael vantage*. We are 
chiefly cone'e*rin*el with the ])robh>n] as te> which of 
the.se complcmi'iitary activities should carry the 
greater emphasis, and we hold strongly the* eipinion 


that, in accordance with the wishes of the Founder, 
this emphasis should be laid on the applie^ation.s of 
se'ifMitifie. rese»arch to industry. Accordingly, our 
fii'st re'commcndation is that Clause il in the Regu- 
lations be amendi*d to read as f'i»llows 

“The obi<‘«*t of the Institute .shall be to establish 
Chairs in Scicnee and Arts for the purpose of pro- 
viding advanc(‘d instruction and conducting original 
investigations, in all branches of knowledge and 
particularly in such brarii'lics as arc likely to pro- 
moie the iimtcriol amt i adust rial a'clfare of India ; 
to provide suitable libraries, laboratories, and equip- 
ment ; and to (*o-opcrate as far as possible with 
si4‘h recognized institutions as exist or arc founded 
in fiitiire for cognate objects in India.” 

The adoption of the above regulation will re- 
move ambiguity as to the* purpose of the Institute, will 
enable a continuous policy to be followed, and will 
inspire conlidciicc in the bodies wliicli assist its 
finances. As will ajipcar later in fhis Report, we do 
not. recommend tiu* curtailment of fundamental 
.•scientific research or the abolition of teaching ; but 
in terms of the regulation now (miposed, tcacliiiig 
(except in the case of Kleelrical 'Ti'chnology which 
stands in a speeial position) should be coiillncd to 
])rcparing work(*rs as investigators and, while re- 
search in pure .science should eoiiiimie to be an 
approved purpose, the major part o/* ///« 
of the lastitafc should tw applied to those iarestitja- 
lions trhirh are lihely to he of direct benefit to 
industry in India'* (italic.s ours). 

False Ideas regarding the Capacities of the Institute 

The Irvine Committee has justly pointed out that 
great eoiifusioii exi.sts in the public mind regarding 
tlic capacity of the Institute. It says : — 

“The evidi'iice before us shows that in some 
quarters it is taeii'y assumed that the Institute 
should be c.ipable of searching for and selecting 
industrial ]>roblems, of solving these problems in the 
laboratory, and linally of ap]dying the results on a 
technical scale. Such an attitude of mind is by no 
means eonlliied to India, and so long as it is main- 
tained ;he Institute will remain the target of 
nninformed eritieism. It imist be remembered that, 
judged by (he standard of modern re.search oi*ganiza- 
tions in Fiirope and America, the Institute is small 
and has to work within a comparatively narrow 
income.” 

The total income of the Institute is 5.47 lakhs of 
rupees, of which Rs 95,000 is proposed to be .spent 
on admini.strati(»n. This Ieave.s only four and a 
half lakhs for the work of the Institute and of this 
amount about 1.25 lakhs are spent on electricid 
technology, which combines actual teaching with 
research. The amount .spent on research in physics. 
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clieniistr>% and biochumistry is barely iloO lakhs. 
Jt is a very modest .sum even on ;ui Indian standanl. 
Kven a .small university like that of .Mlahabad 
spends .S.uO lakhs of rupees on its seienee (h*part- 
inonts (almost wholly on toaehiu^ and n^soan-h) and 
the University of Caleutta. sp(‘nds ovcm* its .scieiuM* 
departments a far larfjer .sum. This should dispel 
the idea that the Institute is eapable of doinjr 
wonders or has jjot a unique position in the eomitry - 
an idea whieh has been disseminated by interested 
])er.sons ; and as a matter of fact, not many Indian 
univ(‘r.sities will admit that the total researeh ont- 
])ut of the Indian Fn.stitute has so far Ihmmi (Compar- 
able to theirs either in (piality or (luaiililv. 

Review of the Administration 

The S(!well (^mimittee in VXM reeommeiided that 
the Diivefor should be* reli(*ved of his i*Miitine 
admini.stration by tin' appointment of a whole-tinn* 
HeRi.strar or personal assistant. This iceoinmend.itioii 
was accepted by tin* autlnirities and in HKVi when 
the pre.seut I)ir<‘etor, Sir (\ V. Ibmiau, look eharjre. 
the (^.Ulneil sanetioin*d the a|)pointinent of a per.'^on- 
al a.s.sistant ill deference to the wishes of tin* new 
l)ire(‘tor. This arraii^(*ni(*ut did not appan*ntly 
•work well. The Irvine Committee has ree<ininien(h*d 
and the (h)venuiu*nt has accepted that the main 
admiiii.stratioii work should be carried on by a 
Hejristrar rrspnnsihfc ht the ('niiuvil nmt the Senate: 
the Rejristrar has bc'en y;iven so wide powers* that 
one finds that, almo.^t little or no administration 
work ha.s lu'eii left to the Director e.\eeptinii a seat 
in tin; (k)uneil. I 'inler the pn’seiit rules, he will be 
meivly head of tin; Department of Physics with no 
ri^ht of int(*rfer(*ue(* in tin* matt(‘r (d' admini.stration 
of the (h'partments. 

• The .ippoiiitiiient of a Roj'islr.ir on a scale of 
R.S 800-50-1,000 is slroiij»lv recoiiiinenilcil by tin; Irvine Coin 
niitlee to look into the administrative siile nf the I n.stitiite, 
“to restore hannony in the a«lniinislrati<)n ami a feeling 
of confidence in the staff.” llis allegiance should l»e In 
the Council and not to any department. The duties such 
as his ran be carried out only by a man of mature ex- 
perience and trained in ofHdal administration. “lUit his 
conditions of service must be such that he will be able 
to carry out his duties without any appreheiibioii that if 

m 


It is a very soiiiul iiu'asure and has our 1i(*artie.st 
approval. If this im'asnre were carried out five 
years earlier as r(M*ommeuded by the Si*w(dl Com- 
mitt(HS miieli of tin* present troubh* would not 
iiave arisen at all. Ihit wi.sdom eoine.s only by 
exporieiiee ! The er(*atiou of tlie post of llc'jristrar 
makc's the* ofliei* of tin* Din'ctor :ib.solut(*Iy redun- 
dant, and it W(*re w(>ll if the (/ommittex* pursued 
its ar«;umeuts to th(‘ir loiric'al (*iid by iveommeuding 
that after expiry of tin* term of tin* present Direc- 
tor, the post b(* abuli.sh(>(l, ami a D(*au be iioini- 
iiated by the (^MIlleil from aiinm^st such heads of 
departments as have attaiiu'd the rank of Profe.ssor. 

Tin* Irvine CoiiimitttM; has very few f^ood woixls 
oil tin* admini.stration of the Iiistitiiti* by Sir (.\ 
V. Hainan. "'Ib'lerriiiir to the persoind r(*lation.slup.s 
b(‘tween the Director and tin* stnlV,’' the Coin- 
iiiitt(*(*, on a thorough and impartial examination of 
tin* wlioh* .situation, found, “a di.sqiiietiii^ state 
of ailairs, * and it is their “(;onsid(*red opinion 
that nnle.ss firm action Is (akt'ii at oiiei*, the future 
of tin* Institnti* is exeeediiijxly pn*eanons.’' 

he disch.irj'cs tliem fearlessly, im])artially, and honestly, 
his prospects or the scenrity of his ])osition wall he affec- 
ted.” The Committee lias therefore stron;;Iy reeommeiided 
that the (hiveniment of rmlia he askeci to arraiij^e for 
the hiaii of a ( tOveriiineiit ollieer to act a.s Rcj*;istrar of 
the Institute, his pay and leave and jieiisionary cliarj^cs 
heiiij* ])aid hy the Institute*, llis duties should include, .as 
essentials, the following; :- 

(a) To act as .Secretary of tin* Council. i>f the Senate, 
and of the I'iiiaiiet* Committee, to ]>rep.'irc the anemia 
for the niectinj 4 of tlK*se boilies, to ilraft the corrcspoiid- 
iiii; Minutes, and to make such communications to the 
Press on Institute affairs as the Coiiiieil alone may 
autliori/.e, 

(h) To einnlnct the rorrespondenoe relating; to the 
husiiie.ss <if the Ctiiuicil, to the .Senate, and of the I'itiance 
Ccimmittee, incliiditi^ all corresporideiiee referring to new 
ap])oiiitment.s, elections to the Council, and the entry and 
reeriiiliiicnl of .stinlents. 

(c) To receive einjiiiries ami coiniiiuiiications rej»ard- 
iiij; prohlems of apjjlied research siihmitted to the Ins- 
titute ami t«» jdaee llieiii before the Senate for <lispo.sal. 

(d) To he responsible f*ir siihiiiittiii}; the draft hud- 
jjet to the Senate, the J'inance Comniittce, and the Council 
for ratiHcatioii. 

(e) To perform .such other duties as limy he pres- 
cribed by the Council. 
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“The (.\>nniuttoe approciatcd hij^lily tlie pi‘<»Ki*f5ss 
made ill Pliysirs, but c*vidcnc(» ipiiekly r(?vealed the 
fact that Physics "was in process of bceoiniiifr the 
dominant feature of the institute, while tlie [>cpart- 
incnts of Chemistry remained uiid(*rstalVed and 
wore in conseipionee losing ground. This shift of 
the centre of j^ravity from Clieniistry to l^hysics — 
an inevitable (Miiiseiim'iice of the leader.sliii> the 
Institute now enjoys — is souietliiu^ which is not in 
accordance with tin; policy which should be followed 
in an institution founded, as we maintain, to promote 
the industrial welfare of India.” 

“...The Director’s policy is to make the rnstitute 
a centre for physical and mathematical studies. 
True, th(*rc has b(‘en no snjrjjestion that other dejiart- 
miMits should be suppress(‘d, but as time j;o(‘s on 
they will iiuivitabiy become more and more subor- 
dinated to physics until their individuality is to all 
intents and piirp<»ses extinguished. It may be urjred 
that the heads of departments have shown little 
stamina in defendin'^ the interests of th(‘ir d<»part- 
ments. But it must not be f<u*^otteji that otlu'ers 
of professorial rank hold only short-term appoint- 
ments and are in eonse(|ueiiee placed in a ilitlieiilt 
position if their views clash with tlmse of the 
J)ireetor whose* ollice is on a more permanent basis. 
Aforcover the Dire<‘t<»r is the (liairniaii of tin* 
tSenate and not only composes Minut(‘s of that 
Body, but submits them to the Council on which 
he is the solo representative of the statK ^Phe alle- 
gation has been made that the Hmlin^s of the Senate 
have been misrepresented in their transit to the 
Oouneil, and that letters and m(*moraii<la addressed 
to the Director on (*ompet<*nt matters remain unan- 
.swer(*d. TIhii'G van Itc Ullle douUt that an a twos- 

f thare of htscmrifij awl wtsenj has ttccti created 
italics ours). 

“Makinjj; full allowam*e for ptissible exa^ji:eration, 
ire greatly fear that there is warh trath in these 
attegaiions. (ftalh's ours). The resijrnations of 
Professor \\'^atson and J*r(»fessor Mowdawalla can 
now be readily understood, and if present (*onditioiis 
are permitted to eontimie it will b<» no easy matter to 
timl imai of character and independence willing 
to fill fiitun* vacancies.” 

Reorganization of the Institute 

The fi-vinc (’ommitteo has recoinmoiided the 
reorganization of the Institute on the following 
lines : 

^riiere .slioukl be four d(‘partmeiits, /'/r., the 
departments of Physics, (Jeneral and Organic 
(Jheniistry, Biochemistry, and lOlectrical Technology. 

Under the regime of the pn^sent Director, the 
Department of Chemistry was w'ell-nigh abolished. 


T mder him the Department of Physics was started 
and fed at the cost of other departments, especially 
the Chemistry Department which was made to 
starve to an alarming degree. 

“One example of this tendency which may be 
iptoted, and it docs not stand alone, is the transfer- 
ence of apparatus from the D(‘partment of General 
Chemistry to (he Deparhnoiit of Physics where 
ecriaiii researches are now grouped under the head- 
ing “(Chemical Physics”. (Irvine Committee 
Ilc*port). 

The Irvine Committee says with regard to the 
policy bith(‘rto pursued in respect of the Chemistry 
D<‘partment : 

“Not only is I^hysical Chemistry threatened with 
extinction, but tiu^ future of Organic Chemistry is 
likewise in jeopardy if recent de<*isions of the (\)iin- 
eil are earri(*d into ellcet. It. has been deeiil(‘d to 
send the Aeling Professor of Organic- Chemistry on 
stmly-l(‘avt^ for a period of n(*ar!y Iwo years and, if 
past experience is a guide, we fail to see how any 
suitable arrangeiii(‘nt, l**mporary or otherwise, can 
be made to salegnard the ini (‘rests of this important 
subject during his absencf*.” 

fn till* opinion of the ( N)mmitt(*(', tln'refore, a 
strong r(*preseiitative school of eh(*mislry, capable* 
of playing a sigiiilieant [lart in pure and applied 
research, r(‘(piires chairs in tin* following divisions 
of th(‘ Kiibjc'ct 

(o) Organic. Clnanislry. 

(//) l^hysieal Chemistry, 

(e) Inorganic and Mineral (/hemlslry. 

(f/) T(*ehnieal Chemistry. 

(e) IMiarnuu'cnlieal and Medicinal Chemistry. 

As under the present financial (‘onditions of the* 
iiistitnle, it is not iiossible* to ere*ate a full iirofessor- 
shii> for e*aeh of llie.se branches, Ihe (.Vniimitte*e, 
therefore, suggests that the*}' shoultl be grouped in 
one department to be known as “The Department 
(»f Pure and Applied (.’hemistry.” 

The DeiKirtment, as a whole, should be placed 
under a Professor with whom should be associated 
at least four Assistant Profe^ssors responsible for 
seleele*d branches of I he.* .subject. “The (^mimittee 
fiirt]j(*r rc(‘ommonds after full (*oiisideratie)ii.s that 
this I’rofessor should be an organic elieinist, whose 
duties “would be; to take charge of the Department 
a.s a whole, to eondiurt and guide res<*areli work in 
his subject, particularly with si vm;w to affording 
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help to industry, and to foster contnots with tho 
existing and future industries of the eoiinfry. If 
these tasks are tlioroughly nndertiiken, tlu* Professor 
will require adecpiate assistanee and we suggest 
that Dr. P. C. Oiiha would bo a suitabh; Assistant 
Professor of Organic Chemistry.” We, lio\vevc‘i\ 
doubt very iniioli whether sueli a super* profess<ir 
possessed of a cranial cavity containing four (lidor- 
cnt brain-matters can at all be found ; wo are furth(‘r 
afraid that an organic chiMuist cannot properly 
manage and direct other Ijraiichcs of cheniistry. 
It were much better if the sub-departments in ehe- 
niistry wctc .sep.irated, eaeli under its own hea<l, as 
is the iiractiee now. 

Th(‘ .salary of the Professor is reeommendeil 
be Ks l,r)0()-r)()-‘J,000, as it is unlikely that a man of 
eniinenco will be obtainable jit a lessru* salary. The 
recommendation is .also nuule for the creation tif 
three assistant professorships, one in <‘aeh r)f the 
departments of Physical ( Mieinistry, Iiuirganie :md 
Mineral (diemistry, and Pharmacological and Medi<*i- 
iial Cheniistry, on a salary of Us tiOO-tO-SI.IO, but it 
is Imped that the creation of a full professorship in 
Phy.sieal (,'hemistry will not be long d(‘layed. 'Flie 
establishment of the last named p<»st was r<MM»m- 
mended by the Sewell (/ommittee and sanetioneil by 
the Council, but no st(*ps hav(‘ so far b»*cn taken lo 
implement this sanctiim. 

'^riie Dep.'irtment of JOIectrieal 'reehnoh»gy has 
sullered a good deal in the l.-ist few y<*ars due to the 
constant changes and alterations in the stall’. There 
can be litlle continuity in the work of ;i department 
whost^ stair umlergocs constant change. The Cen- 
tral Workshop should be, in the opinion of the Com- 
mittee, plac(‘d under tin* dire<*t control of the 
lu'ad of the Depart nuMit of Kle<’lri«*al Teeh- 
nnlogy, because of all tin* departments this one is 
most intimately <*ounected with workshop practice 
and also becau.se tho workshop will be more <■11*^101^- 
ly conducted under the supervision of an engineer 
than under a prof(‘ssor <d‘ pure seiem*c. Wi* ;irc» 
of opinion that the <*eiifrali/ation of the worksli«>p 
Avas an unnecessary and uncalled-for .step and was 
mainly re.sponsible for tin* resignations of Pri»fs. 
Watson and Mowdawallah. It wa-re much Ix-tler if 
the Irvine Committee restored the iirevioiis condi- 


tion, />., separate workshops for Departments of 
KIcetrical Teehnohigy, Plivsies, and Physieal 
Chemistry. The pr<*sent im'asiin* will lead to 
friction. 

To ensure stability of services and avoid constant 
.statl* changes, the ( *onuiiil(f>e reeoinmemls : — 

‘Tn place of Professorships and .\ssi.stant 
ProfessoiNhips b«*ing tonabh* b»r liv<* years with the 
prospi'ct of renewal, these* appointments if ennlirm- 
ed, should eontiime until an age* limit to be ti.xeMl 
by the Coiinedl is n*aehe‘el, with the* usual .safeguard 
reganling terminatiem of the uppeiintmeiit.” 

A gemd de*al of trouble* in the* Institute i.s due to 
inseeairity e>f se*i-vie*e of all eellmr e*mi>le>ye*es e*xe*(*pt 
e>f the* Dire»ete»r who has geit a secure* tenure! of 15 
ye*ars. H'he* rihovi* re'ei>nmicml:il ion is te) be we*leoni- 
eel as a step in the rigiit elire*et ie»n. 

Conclusion 

Snell are in short the* ni:iiM r(.‘ee)inme*nflatie>ns of 
the* Irvine* ( \)mmitt(‘(*. The* lmpe*s rais<*d in ns Avhen 
the* (.\nuiuitte‘(* was appoiiile>tl in damiary last 
year have* l)e‘e*n very large*ly fullille*d, and Ave* are 
glad that Sir»Iame*s Irvine’s Conmu(te*e* have agreed 
in gene‘ral Avith our views as pointe*el eait in the 
e'elilorial article* alr(*aily re*r(*rre‘el to. Put whate»ve*r be 
the* nature* eif the* re*eomiiii*iul:iliems, lhe*y can seleleun 
be* e'lleetively eiife)re*(‘d mile.ss the*re* is a spirit eif har- 
mony and eo-e)peratiem whii‘h, the ( *omniit((‘e* iuakr*s 
it eh*ar in immistakabh* te*rms, doe*s imt e*.\ist at 
pre>.M>iit in the Institute*. We* have* im doubt that 
a be*tte*r atmeisphf‘r(‘ can be* e*ri*ate*el with the aelminis- 
trative ehanges now iiitrodui‘i*d ami \vlie*n the* 
.se*e*iirily td’ peisitioii id’ the* st;in‘ eif the* Institute is 
ensured. It is a matte*!' id’ pli'asiire* to ns that ai- 
me»st all the* re‘e'omm('neiations maeh* by the* ( *ommittee 
have be*i*M ae*ei*pte*el by the* Coiiiieil and the 
(love*rnme*ut. Wo e*;iii do no be*lte*r than epiotej the* 
l'idle»wiiig fi'om the re*|)e>rt in e*losiiig the* discussion : 

“It may be* the* ease* that onr preipei.sals an* :i 
(*oni|U‘oiiii>e‘, fori*e*il upon ns by eireMimstanee*s, but 
ne*verlliele*ss we be*lie*vi* that tlie*y re*pre*s(*ut a AA'e>rkable 
seiliilioii of i‘\is(iiig eiitlieiii(ie*s. If give*ii a fair trial 
and if ope*r:i(e>d in the* riglil spirit, the*y will enable* 
the* In.*<titiit(* fee l)(*gin its .se*eoniI se*mi-diibile‘e iicriexi 
with re*ne*we*d h()])i*. If onr sehe*me* fails, it e*an emly 
be throiigli the* <*hisli of p(*rsonalitie*s beyond flie 
r«*im*ely of any powe*rs posse*sse‘d by a Ileviewing 
Ceemmittee.” 


369 


Vol.. II. No, 8 
FEBRUARY IW7 



Psychological Factors 

C Q. Jung 

Professor of Analytic Peyeholoflry. Technlsche Uochsehule. Zurich. 

TffK .‘<ei»aniti(in of psy(*holt)«jy from the prcMiiises 
of biolojry is purely artiHciiil, beeanse the Immnn 
psyche lives in indissoluble union with the body. And 
since these bioloj^ical priMiiisos hold good not only 
for man but for the whole world t»f living beings 
the .s<*ientific basis on which they rest obtains a vali- 
dity far exceeding that underlying a psyehr)logieal- 
jiidginent, Avhieh is valid only in the realm of eon- 
scioiisn(*ss. Thend’ore it is not a matter of surprise 
that the psychologist is often prone to reach ba<‘k 
to the security «»f the biohtgical vicAypoinf, and to 
borrow freely from physiohigy and the theory of 
in.slinet. Nor is it astonishing to lind a widely 
aee(*pte«l point of vi<?w, whieli regards psychology 
as merely a chapt<»r in jihysiology. Although 
]isychology rightly claims autonomy in its own 
special Held (»f research, it is true that it must 
recogniz^^ a far-r(*a<‘lnng corres|)ondencc betwc'cn 
its facts and the data. of biology. 

Among the psychic factfirs deterndning human 
behaviour, the instincts are primarily the motivating 
forces of psychi<r events. In view of the controversy 
which has raged around the nature of the instincts, 
1 would like to establish clearly what s(>enis to me 
b) be the relation b(*tween the instincts and the 
])syche and why I name instincts as psychoh»gical 
factors. If we started with the hypothesis that tin? 
psyelie is absolutely identical with the state of being 
alive, tlien we would have to accept the existence of 
a psyeJiic fun<*tion even in nnieellnlar forms. In that 
ca.se, instinct woidd form a type of psychic organ and 
the hormf»no-prodncing glamlidar activity would 
have a psychic causality. 

Ikit if we look upon the appearance of the psyche 
as a relatively recent event in evolutionary history, 
and assume that tlie psyehu! function is a phoiioiiieii- 
on accompanying a nervous system, which in some 
way nr other has be<‘oine (‘cntralized, then it would 
bo difHeiilt to believe that the instincts were origi- 


nally psychic ill nature. And since the connexion 
of the psyche with the brain is a more probable 
conjecture than the psychic nature of life in general, 
r regard the characteristic compulsoriness of the 
instincts as an octo-psychic, factor. .None the lcs.s, 
it is psychically imrmrtant, beeaiise it leads to the 
formation of striietures or paiteriis, which may be 
regarded as detcu'in inants of hnmaii behaviour, 
l-nder these circiim.stances, the i in m(*di ate, deter- 
mining factor is not the ccto-psychic instinct, but 
that striietnre which results from the interaction of 
the instinct and the psychic sitmition of the inoment. 
Thus the determining factor would be a modified 
instinct, '^rhe change nndei'gono by the instinct is 
as significant as the dinereiiees bcftween the eolour 
we .see and the objective wave-lengths producing 
it. 1'he ceto-psychic fact of instinct would play the 
role of a stimidiis merely, while the psychic instinet- 
pheiumienon would be an assimilation of this stimii- 
Iiis to a pre-c‘xisting psychic eomplexiis. A name is 
need(.*d for this process, f would l<*rm it psychifica- 
tion. Tims, what we call instinct oiVhand would 
be a datum already psyehilied, but of eeto-])syehi<‘ 
origin. 

General Phenomenology 

• The eoneopt outlined above makes it ])o.ssible In 
understand tin* variability of the instinctive factors 
within the general phenomenology. The psychifusl 
instinct forfeits its iinifpiciiess to a eertaiii extent, 
at times actually losing its most essential charac- 
teristic — compiilsoriiicss ; it is no longer an ecto- 
psychie, unequivocal fact, but has becoiiio instead a 
inodiHcatioii conditioned by its encounter with a 
p.sychic datum. As a determining factor, instinct is 
variable and therefore lends itself to different ap- 
plications. Whatever the nature of the iisyche may 
be, it is endowed with an extraordinary capacity for 
variation and transmutation. 
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PSYCHOLOGICAL FACTORS 

For cxjiini)lo, no mattor how uiiotiuivofal tin* 
physical state of irritation called hiinjr(*r may be, the 
psychic (ionscqiiences resiiltiri)' from it can be 
manifold. Not only can the reactions to ordinary 
hunger vary widely, but the hiinjrrr itself can ai)pear 
as denatured, or even as me(aplu>rieal. It is not 
only that wc use the word lnin«rer in ths most varied 
sense, but by combination with other factors, the 
hiint^er itself can assume the most varied forms. The 
originally simple and unequivocal determinant can 
appear tmnsformed into pure greed, or into many 
aspects of boundh*ss desire of insatiability, as for 
example, the lust for gain or inordinate ambition. 

ITiinger, as the characteristic expression of the 
urge to self-i>res(*rvation, is without doubt one of 
the ])rimary and most powerful factors inllucn<‘ing 
behaviour; in fact, the lives of primitives are imire 
attected by it, and more pc»werfnlly, than by hexii- 
ality. At this level of existence, hunger means the 
alpha .and omega -(‘xistence itself. 

The iinportiiiu'c of the instinct preservation 
of the species is obvious. However, tlie growth of 
culture having brought with it so many r(‘strictiims 
of a moral and a social nature, sexuality has been 
lent, temporarily at least, an excess value eomimrable 
to that of water in a d(‘sert. Jlecause of the 
premium of intense sensuous enj^iymeui whi<.*h nature 
has set upon the business of reprodiietioii, the urge 
towards sexual .satisfaction appears in man — no 
longer conditioned by a mating season — :is an 
almost separate instinct. The sexual instinct entiTs 
into combination with many feelings and as]K*cts, 
with spiritual and material interest, and to such a 
degree, that, as is well known, the attenn)t has even 
been made to trace the whole of culture to these 
eombiiiations. 

Sexuality, like hunger, undergoes a radie.al 
psych ification, which makes it possible for the 
primarily purely instinctive energy to be diverted 
from its biological applications and turned into 
other channels. The fact tliat the energy can hi*. 
dei)loyed into various fields indicates llit* existence 
of still other drives strong enongh to change the 
direction of the sexual instinct and to delleet it, at 
least in part, from its imiiicdiato goal. 


[ would like, then, to dilTerentiate as a third 
group of iiistiiiets the drire to art in' if/. This urge 
fiinelions wIkmi tla? other urges are satisfied ' indeed, 
it is perhaps cmly called into being aft(T this has 
iK’eiiiTed. render the enneept of activity wonhl fall 
Wo/ohriost^ love <»f change, restlessness, ami the 
play-instin(‘t. 

There is another drive, dillerent from the instinct 
for activity and, as far as we know, specifically 
human, such might be called the reilection-iirgo. 
Onlimirily we do imt think nf “n'llectimi” as ever 
having b(‘en instinctive, but associate it with a 
eoiiseiniis state of mind. Jtrftrxifp means bending 
back ami, used psyehologieally, wniild express the 
f:u*t that the iv||i*x prnecss which conducts th«? 
stiuudus over into the* iusliuctive discharge is 
interrupted by psy(‘liill<‘atiou. Owing to the iiitcr- 
ferenee of reiha‘tioii taken in this automatic sense, 
the ])syehic processes c*xt‘rt an altra(‘tinn on the 
impiilse-to-aetinn excited by the stimulus. There- 
fore, ladorc* having discharged itself in the external 
world, the impulse is del1(*(‘ted into an emlo-]>sychic 
activity. Retl(‘xio is a turning inward with the 
result that iusti'ad (»f an imim‘dial(» art, various 
deriveil contents or eomiit ions result, whic'h may be 
termed relleetif)ii or deIib(>rat.iou. Thus, in [ilaee of 
the compulsive act, then* ai)pears a e(*rtain amount 
f»f freedom, and in place of the predictability a 
relative nnpredietability as to tin* eileet of the 
impulse. 

The rlclmess of the human psyelie and its e.ssen- 
tial character an* probably determined by ibis re- 
fleetioii-iirge. I{(*iIeclioii re-c*iiacts the process of 
excitation and emidnets its stimulus over into a 
series of images, which, if the imp(*tiis is strong 
(*nough, is finally ri*prodiieed in some form of ex- 
pression. This may take place dire(*tly, for Instaiiee 
in sp(*oeh, or may appear in tlu* form of ab.straet 
thought, of impersonations, of ethi(‘al (*ondn(*t, or 
again, it may be oxi>ressed in a seientilie, aeliuive- 
ment, or in a work of art, etc. 

Through the refieetion-nrge, thisstimnlns is more 
or less wholly transformed into psychic content, that 
is, it becomes an exp(?riem*e: a natural process is 
transformed into a conscious content. Keflection is 
the cultural instinct par excellence, and its strength is 
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shown ill (h<> |>owi‘r of cMiltiiro to inaininiii itsolf in 
tli(‘ face* of iintanifil natniv. 

rnstincts an; not croalivo in tliciiisclves, Ix't'anso 
thi*.v havo been sfably or^ani/('(1 and have tlioridoro 
boooiiK! antoinatir. The relleetion-nrjre is no exeep- 
iion to tliis rule, for tin* prodnetion of eonseioiisnoss 
is not. of itself a creative act, but may under certain 
conditions bc^ a merely aiitomatie ])roeess. It is a fa(*t 
of ^reat importaiK'c that this compulsion, so feared 
by eivili/ed man, also jirodnees tliat eliara(;teris(ie 
fear of beeominjr eitiiseions, best obs<'rved in neurotic 
piTsons, Imt not in tliem alone. 

Altiion^h in jxem‘ral instinct is a system of 
definitely orjr-iuized tracks and c(ms(‘(|uently tiuids 
towards uiilimitetl repetition, yet man has tln» 
distiiH’tive pow<*r (»f creatin'; something- new in the 
real sense of the w'<»rd, just as nature, in the course 
of lonj; ])eriods of time, sueee<'ds in creating new 
forms. Though we cannot cla.ssify it with a high 
degree of accuracy, tiu; creative; instinct demanils 
special mention. 1 do not know if “instinct” is the 
correct wonl. We use the term creative instinct, 
because this facte ir bchave*s at le^ast dynaniicaliy, 
like an instine*t. Like instinct it is coni[)uIsive, 
but it is not common, and it is not a fixed and inva- 
riably inherited organization. Therefore; 1 prefer 
to designate the; creative impulse as a ])syehic fac- 
teir similar in nature to in.stincts, having inde>eel a 
very cle»se rel.’itionshiii tei the instincts, but withemt 
being idemtieal with any one of them. Its connex- 
ions with sexuality are a mue*h discussed problem, 
and, fiirtheu'iiiore, it has much in evimiiieni with the 
activity-urge as well as with the relh'ction-urge. 
Still it can repress all of these instim ts, or make 
them serve it to the point of the self-destruction of 
the individual. Creation is as much destruction as 
con.struclion. 

To recapitulate, 1 emphasize tin; fact that from 
the psyehohigical stamlpoint, five main groups of 
instinctive fa<dnrs can be (iillenuitiated : hunger, 
sexuality, activity, rellectif>n, and the creative. And 
in the last analysis, instincts are ecto-jisyehic deter- 
niinaiits. 

A discussion til the dynamic fa<'t<irs d('termining 
Ininian behaviour is obviously incomplete without 


ineiition of the will. The part that will plays, how- 
ever, is a matter of dispute, and the whole ]>roblein 
is bound up with philosophical considerations, which 
in turn are burdened with the ])remises of a 
\Vell/t»tsrhtniNntj. If the will is posited as free, 
then it is not bound to eaiisat ion and there is no- 
thing more to be said about it. If it is to be taken as 
pre-deterniined and ])laecd in a relationship of depon- 
denee upon the instinets, then it is an epiphenomenal 
factor of s(;eondary importance. The same applies 
to the elfeels and therefore I cannot more than 
mention them here. 

DilVerent from the dynamic factoids arc the 
modalities of the psychic fiinetion, which inihieiiee 
hiinian behaviour in other respects. Among (hose 
I mention especially tin* sex, age, and liereditary 
disposition of the individual. These three faebirs 
:ire taken first as physliilngieal facts, but they are 
aLo psyc'hological fai'tors iiiasmiieh as, like the 
instincts, they are subjected to iisychifiealion. 
Anatomical maseiilinily, for iiistaiiee, is far from 
lieing [iroof of the psychic masculinity of the indi- 
vidual. And similarly, ])hysiologieal age does not 
always correspond with the psychological. As 
regards hereditary disposition, the determining 
factor of race or family can bo .supprt*Kscd by 
a psychological siiiierslrueture. ^fiieh which is 
interpreted as heredity in the narrow sense is rather 
a sort of psychic contagion, which consists iii an 
adaptation of tlic child-psychc to the unconscious 
of the parciit.s. 

To these three semi-physiologie.'il modalities, [ 
should like to add three that are psychological. 
Among these 1. wish to stress the conscious and the 
nnconseioiis. It makes a great deal of dilferenee 
in the behaviour of tlic individual, ’whether the 
psyche is riiuetiouiiig mainly consciously or iiucou- 
scioiisly. Xatiirally it is only a question of a greater 
or lesser degree of eonseiuiisness, because total 
consciousness is emiiirieally inqiussiblc. An extreme 
slate of iiiu'on.seionsncss is oharaeterizod by the 
predominance; of compulsive instinctive ])roee.sscs, 
the result of which is either uncontrolled inhibition, 
or a lack of inhibition throiiglioiit. The lia])penings 
within the psycln; are then contradictory and take 
place in tonus of alternating, a-logical autithcse.s. 
Ju such a case, the level of coihscioiisiicss is cssen- 
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tially that of the d ream-state. Fn contrast to this, a 
IiikIi degree of coiiseioiisiiess is eliaraft(*rized l)y a 
heightcMied awareness, a preponderance of will, a 
directed rational behaviour, and an alm«>st tobil 
absence of instinctive dctciTniiiaiifs. 'J'lie uticons- 
cions is then found to be at a level d(*finitely ani- 
mal. The first state lacks intellectual and ethied 
accomplishment, the second naturalness. 

Tlie second modality is extraversion and Inlro- 
version, and determines the direction of psychic 
activity, that is, it decides the (piestion whether 
conscious contents refer to (‘xternal obj(‘<‘ts or to the 
subject. Therefore, it also decades the question 
whetlier the value stressed lies without or within 
the individual. I'his modality works so p(‘rsistently 
that it builds up habitual attitudes, that is, tyi^es 
with recogni/iable external traits. 

The thinl modality [xiints, to use a metaphor, 
iqn^ard and downward, because it has to do with 
spirit and matter. Ft is true that matter is in gene- 
ral the subject of physics, but it is also a psychic, 
(piality, as the history of religi<ui and philosophy 
clearly shows. And just as matter is liiially to be 
conceivod of as being merely a working hypothesis 
of physics, so also siiirit, the subject of n*ligion ;ind 
philosophy, is a hypothetical (piality in constant 
need of re-iiiteroretation. The so-called realitv of 
matt(.*r is attested in the Hrst phn*o by tnir sense- 
perceptions, while belief in the cxist<Micc of the 
spirit is siijiported by ]).sychic experience. Psycholo- 
gically, wc cannot establish anything more final 
with respect to either matter or spirit than the 
presence of certain conscious contents, some of 
which are to be labelled as having a material and 
others a spiritual origin. Fn the consci»msii(*ss of 
civilized i)c»)ples, it is true, there seems to exist a 
sharp division between the two (pialiti(*.s, but on 
the jn-imitive level, the bonnd.iries become so blur- 
red that matter often st'ciiis endowed with soul 
while spirit appears to be material. However, 
fixim the existence of these two categories, ethical, 
aesthetic, intellectual, social, and religions systems 
of values eventuate, which on occasion (h*t(Tniiiie 
how the dynamic factors in the psyche are to be 
finally used. Perhaps it would not be too much to 


say that the most crucial problems of the individual 
and of society turn upon the way the psyche func- 
tions towards spirit and matter. 

Special Phenomenology 

Fjct IIS now turn to the special phenomenology. 
In the first part we have ditlerenti.'iti'd five priiieipal 
groiqis of instincts and six modalities. However, 
the eoneepts deserilx'd are only aeademieally valu- 
able as general categories. In reality, the psyche 
is a complicated intc rplay of all these factors. More- 
over, ill conformity with its peculiar structure, it 
shows an (Mulless individual variability on the one 
hand and on the other an e(|nally great capacity to 
undergo c'liange and differentiation. The varialnlity 
is (‘onditioned by the (‘ireiimstaii(*(! that the iisyclic 
is not a homogeneous stnictiire, hut apparently 
consists of hcTcditary units rmly loos(*ly bound 
together, and for this reason it shows a very marked 
t(*iid(*ii(‘y to split into parts. The tendency to change 
is coiulitioiK'd by inihienccs coming both from 
within and from without. Pumtionally speaking, 
b(»lh tendeneies are closely relalttd to (jaeh other. 

(1) Let IIS Hrst turn to the (piestion of the 
psyche’s tendency to split. Although this peculiari- 
ty is most clearly observable in psyeho]>athology, 
yet fiiiidaimmtally it is a normal phenomenon, which 
<*an be recognized with givatest case in the pni- 
jeetions made by the primitive psycln*. The teii- 
deiiey to split means that parts of the psyche detach 
themselves from eonseioiisness to such an extent 
that they not only appear foreign but also l(\*id an 
niitonomous life of their own. It need not bo a 
(|iieslioii of hysterical multiple personality, or 
schizoplirLMiic alterations in persmialily, but merely 
so-call(*d eomi)le\'(?s quite in the Held of the normal. 
(^)mplexes are psychic fragmc.'uts, 'which owe their 
splitting (HV to traumatic inilncmrcs or to certain 
iiieompatible tendencies. .Vs the association experi- 
ment j)rov(js, the complexes interfere with the 
purposes of the will and disturb the ])erformaiiceH 
of eonscionsiiess ; they produce distnrbaii(?(‘s in 
iiKMUory and obstacles in the flow of aKsO(‘iations ; 
tlmy appear and disappear according to their own 
laws ; they obsess coiisci«»usiicss temporarily, or 
intliicnce speech and action in an uii(‘.on.scious 
inamicr. Tii a word complexes behave like indciieii- 
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(lent boinj^s, :i f;u'l (*vidont iu abiiorinnl 

s<:iti's of iiiiiif]. Ill the voirr*s liciird by tlio iiisano, 
tlu'V ovMi tnkf on a personal e;ro-eliaraeter like that 
of the spirits nianifestin^ themselves tliroii^h 
antoinatie >vritin^ and similar teeliniqiies. An 
intensitieaiion of tin* eomplex-ph('nomenoii l<>ads to 
morbid stat(*s wliieli are only more or less extensive 
innlti])le dissoeiations endowed with an inviiH'ible 
life of their own. 

The behaviour of n(*w eontiaits, whieh have been 
eonstellated in the iineoiiseioiis, but an* not yet 
assimilat(*d to ennseionsness, is similar to that of 
the eomplexes. Tiiesi* contents can be based on 
subliminal p<*r4‘eption, or they may b<* creative in 
ehanieter. A^ain, so lonj; as they are not made 
eonseions and int<*«rrat<Ml with the life <»f the perso- 
nality, timy also lead a life of tlna'r own. In tin* 
realm of artistii* and relijjions plienoniena, tln»s(* 
contents likewise app(*ar at times in p(*rsonilied form, 
especially as so<eaIled arelietypal tiyinres. ^lytlio- 
lojyieal r<*sean*h desif^nates them as “motiv<*s”; to 
T^evy-lb'iihl tln*y app<*ar as reprascHtfiiluna vnUvv- 
fires; Hubert and Mauss call them “categories of 
fantasy.” 1 have employ(‘d tin* eon<*ept of tin* 
collectiv(i unconscious to (‘inbraci* all of these arc'ln*- 
iy|)es. They are psychic foi'ins whieh, like tin* 
instincts, are <‘ominoii to all mankind, and therefore 
their prc*.senc(*s can be* proved wh(*r(!VtM’ relevant 
literary documents havi; been pn*served. As factors 
inllucin*in^ human behaviour, tin* archetypes play 
no small role. The total personality can be altcct(*d 
by them throii^:h a pr()C(*ss of idcntilication. This 
ettect is best explaiin*d by the fact that the arcln*- 
types probably represent lyi>ieal situation of life. 
Abundant proof of su<-li idcntitications witli arche- 
types is furnished by psychological and psy«*ho- 
patholo^ical cases. '^Fln* psychology of Nietzse]n*’s 
Zarathustra also furnishes a jjood <‘xaniple. The 
ditVerenee In'twceii tln*se striietnres and the spIit-olV 
products of schizophrenia lies in the. fact that the 
forn!(‘r are (*ntifics endowed with personality and 
fraught with meaning, wln*rcas tin* latter are only 
fragments with vestijjes of ineaninj; — in reality tlicy 
are pro<Iucts of disintoi>;ration. Both however pos- 
sess to a hi^jh dejjjrce the capacity of inlluenciii}):, 
control I in}i[, or (*veii snppn*ssinjr the cj^o-pcrsonality. 


so that a temporary or lasting transformation of 
pcrsiuiality occurs. 

(2) w<‘ have seen, tluj inherent tendency of 

the psyche to split means on the one hand dissocia- 
tion int(» multiple structural units, on the other, 
lanvever, a possibility very favourable to change 
and ditV(‘rentiation : it allows the .singling out of 
spe(‘ial parts in ord<*r to train them through concen- 
tration of th(* will and thus bring them to their inaxi- 
miim <leve|oj)ment. In this way, with a coihscious 
oiiesid(‘dness, e(‘rtain capabilities, especially thos(* 
promising social usefuln(*ss, can be fost<*r(ul to the 
negl(*ct of oth(*rs. This produces an unbalanced 
state similar to that caused by a dominant complex — 
a change in personality. It is true that we do not 
refer to this as obsession by a complex, but as one- 
sidedm‘ss. Still, the actual state is approximately 
the sann*, with this dillerenee that tin* onesidedness 
Ii(‘s within tin* intention of the individual, and is 
lhei*<*fore furthered by all in>ssible means, whereas 
the <*omplcx is lelt to be iniiirious and disturbing. 
FriM|uently oin* fails to see that the consciously- 
willed onesifledness is om* of tin; most important 
causes of an nnih*sirabh* cmntilex, or eonv(*rseIy, 
that certain comph*xes cause a onesided dilVerentia- 
tioii of doubtful vabu*. Some* degree of onesidedness 
is unavoidable and, in the same na'aMiri*, (‘omplexes 
are also unavoidable. riOf>ke<l at in this light, 
eomplex(*s might be idc*ntitied with certain inf)dili(*d 
instincts. An inslin(*t, whieh has nnd4*rgon(* too much 
psyehith-ation, can revenge itself in tin* form of an 
autonomous eoniph"'. This is the chief .source of 
tin* ncnros(‘s. 

It is w<*ll known that very many faculties can 
beciane ditVerentiat.(‘d in man. 1 do not wish to hise 
my.se! •’ in tin* details of ease-liistorics and therefore 
limit niy.s(*lf to the normal and ever-pres<*nt faculties 
of eon.sciousness. ('onscionsne.ss is primarily an 
organ of orientation in a world of outer and iiiin*!* 
fat’ts. Kirst and foremost, eonseionsness establishes 
tin* fact that something is there, f call this faculty 
seNsatinn, By this I do not nn*an any specitie 
.sense activity, but perc(*ption in g<*neral. Another 
faculty gives tln^ int(*ri)retation of that W'hicli is 
liereeived. 'riiis I term thifiking, ]Jy means of 
tills function, the thing perceived is assimilated and 
the transmutation of the obje(*t of perception into 
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H psychic content i>i*oc<uhIs ninch fnHh(*i* tlinii in 
mere sensation. A tliinl faculty cstal)lislu‘s the 
rahte of tlic object. Tliis fnix^tion of evolution 
T cfill fcriimj. Tlu? pain oi* pleasure reaction of 
fcelinjj: macks the highest dejrrce of siihjectiiu'alion 
of the object. Ke(*linji Itrin^s subject and object 
into such close relationsliip that the subject must 
choose bet\vc(‘n accciitance and r(‘jection. 

These three functions would be <|nite suilicient 
for ori(*ntation with respect to any fact, if tlu* tibject 
in (jiiesfion wore isolated in time and space. Hut. 
in space, every object is in endless <‘onn(‘<‘fion with 
the multiplicity of objects, and. in finws the object 
represents merely a transition from a former <*ondi- 
■’ tiou to th(‘ succcedinj; one. Th<‘ ‘r»'<‘ul(‘r ])art of 
si)atial relationship and temporal <*han^(> is unavoid- 
ably uncons(Mons at the ni<»m<Mit of ori(‘iilation. 
and yet, for tlie determination (d‘ tie* mcaiiin*; 
t»f an idjjcct, space-time r<*lationships are 
necessary. It is the fourth facidty of ci»nscious- 
ness, namely, whieli makes possible, at 

least approximately, the dc'tcrmination of the spa<‘<‘- 
tinie relationship. This is a function of pcTception, 
wliich iueliuh's ilie subliminal, that is, the possible* 
rehitiejnship of objes'ts not appearing in the liehl «d’ 
vision, and the possible <'h<in^;es in past and future, 
about which the «»bjeet itself »riv<‘s no clue. Tut ui- 
tion is an immediate aw'areness of r<‘lation.>hips, 
whieOi could m»t be* cstablishcel by the either thriM* 
fiinctiems at the* iiieiine'iit eif orle'iitatioii. 

T mentie)n the orie>ntatin^ functions of eemse-ioiis- 
ness, bfM'ause* tli(*y can be sinj^h'd out for eiiipirie-al 
eibservation and are subject to diHere'iit iatiein. At. 
the very outse't, nature has c>stablish<Ml inarkeMl 
ditVerences in their impeirtance* for dillerent indivi- 
duals. As a rule, one of the four fune*tie»ns is 
especially de»ve.*le)ped, whiedi conse'epieMitly jrive's the* 
mentality as a whole* its (‘harae'te'ristie* stamp. 
Threui^h the pn'deiminaiice eif one fiine'tion, the*re 
re'sult typical dispeisitions, which e*aii be* de\si^nateel 
as thinkini; typers, fevlintf typf*s, ete*., as the* case may 
be. Such a type-form is a bias like* a vocatiem, 
with which a person has idenlifwd himse*|f. What- 
ever has been erected into a i»rinciple or a virtue 
tliroii^h inclination or usefiiliK*.ss always residts in 


onosideelness and a ceuntiulsion teiwards e>ne*sided- 
ness, which e.\chides all either possibilities, anel this 
appli(*s te) men e»f will and ae*tiein just as mue'h as 
to tho.<e* whei.se obje*e-t in life* is the* ceiiiNtaiit trainin;; 
eif me*meiry. Whateve*r we* persist in e*\ehielin<r from 
ceiu.se'ieius training aiiel adaptatiem ue*e*cs.sarily 
re*m:iins in an untraine'd. unde*ve*lope*el. iid'antih*, eir 
are'haic state*. rau«riny; from partial to e*omplcte un- 
eMinse'ioiisne.s.s. IIi*ne*e*, tei}jrethe*r with the motives 
e>f (‘einse'iouMie'>s aiiel re*ason, iine'eiiise'ieius int1ue‘n(‘e*s 
eif a primitive* e'harae'te'i* are* always normally prese*ut 
ill ample* me*asure* anel eliMurb the* atte‘ution eif ceins- 
e*ieiiisne*s.'<. h'or it is by no m(*ans to be* a.ssunie*d that 
all tho.se* forms eif ae*tivily late*nt in the psyche* whi<*h 
are* snppre‘ssc*el or iie*}rle*e*te*el by the* ineliviehial are 
the*re*by re>bbe‘d eif the*ir speie-ilie* e*ner‘j:y. Feir ins- 
tance, if a man re*lif‘el wholly on till* elata eif visiein, 
this would not mean that In* woiilel e‘e*a.se* to h(*ar. 
Anel if he e‘oulil be* transplante'el to a seiiinelle.ss 
worlel, he* would in all proliabilily soon satisfy his 
desire eif he*arinK by induljiiny: in auditeiry hallncina- 

tieilis. 

'I'he* fae’t that the* natural function of the* |isyche 
e*annol be strippe'il eif the*ir spee*ilie* e*ne‘rj;y y;ive*s 
rise* to charae*lt*ristii- anlithe*si*s, whie*h e-aii be* best 
eibsi*rvcd in the* lie*ld eifae*livity wh(*re* lhe*se* four 
orie*nlalin,Lr functions eif e*on-e‘ioii*-:ne>ss e'eime* intei 
play. The* chie*f contrasts are* I heisc betwe'cn think- 
injr and leeliii'; on the* one* hand, anel bi‘lwe*e*n .se*nsa- 
tion anel intiiilion on the* eitln*!'. 'Plie* eippositioii be- 
twe*e*ii the* first two is an olel story ami ne*e*els net e*oni- 
me*iit. M'he* opposilionbet wee'll the‘se*e*onel pair bee’eimes 
e*le*ar whe*n unele*rslooel as the* opposition be*twe*en 
the* obje‘e;!ive* fae*t :ine| the* appare*nt po.ssibility. 
Obviously aiiyeiiie* on the* leiokoiit for ne*w peissibili- 
tie*s eloe*s not re'st in the* ae'tiiality of the* mom(*nt, 
but pas.se*s on be*yonel it as soon as possible*. These* 
iMintrasts are* niarkeel by th'*ir irritatinj; nature ;in<l 
this is e*i|ually true* wlmu the* e-einllie-t oce*urs within 
the* ineliviehial psye*he* or be*twe‘e'n iiieliviehials eif 
ojipeisite te*m|)e*raine*nls. 

It is inv be'lie'f that the* probh*ni of the* ei|)posit<*.s, 
here* nie*re*ly hinte*el at, should be* iiiaeh* the* basis of 
a critie*al psye-holeijry. \ e‘ritie|ni‘ of this seirt weiuld 
be eif utmeist importance* not only feu* the* narrow 
rK*ld eif psye'heilojry, but alsfi for the* wieleT lie*ld eif 
the* e'liltnral .se>ience*s in ^e'ne*ral. 
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III this paper, I have gathered together all 
those faetors whieli, from the standpoint of a 
purely empirical psychology, ])lay a leading role 
in determining human behaviour. The multiplicity 
and variety of the aspects claiming attemtion arc 
due to the nature of the psyche — the mirroring of 
itself in manysided facets — and they are a measure of 
the difliciilties confronting the investigator. The 
tremendous intricacy of psy<‘hic. phenomenology is 
borne in upon us only after we see that all attempts 
to formulate a comprehensive theory an* foredoom- 
ed to failure. '^Phe premises are always far too 
simple. The psyche is the starting-point of all 
human exptu'iema*, and all knowledge gaitu'd even- 
tually leads back to it. The psyclie is the beginning 
and the end of every realization. It is not only 
the object of its scicuice, but the subject also. This 


lends psychology a unique place among all the other 
sciences : on the one hand there is a constant doubt 
as to the possibility of its being a science at all, while 
on the other, psychology gains the right to state a 
theoretical proldem, the solution of which will be 
one of the most difficult tasks of a future 
philosophy. 

In my survey far too condensed, T fear T have 
left iinmcntioiied many illustrious names. Yet 
there is one which I would not like to omit. It is 
that of AVilliaiii James, whose psychological vision 
and pragmatic philosophy have more than once 
been my guides. It was his comprehensive mind 
which made mo realize that the horizons of human 
psychology widen into the immeasurable.* 

* Printed with the kind permission of the Director of the 
Harvard Tercentenary Conference. 


The Education of the Deaf in India 


In The Volta llcriew Jatindra ^lohan Datki 
has given an analysis of the education proviiled 
for th(‘ deaf in India. The number.^ of deaf-mutes 
during the last four ccnsii.ses were: lfM)l — lo.*klb*l; 
1011— Ii)2L— ISiMill; 10:51—230 805. For 
the same years, the numbers of d(*af-mutes per 
100,000 po])ulatinn were: 1001 — 52; 1011 — 01; 1021 — 
00; 1031 — 00. A comparisem f»f the ligiires shows that 
the proportion of the deaf-mutes is on tlu! increase. 
The number of deaf children of the school-going age 
is 80, 810, of which only 1,000 actually attend 
school. Bengal can boa.st of 0 such schoohs — the 
Ijirgest for a single ])rovincc — with a total number 
of 208 pupils, though the 7th school has .since been 
started. Similar figures for Aladras arc 4 and 258 
respectively; for Bombay 4 and 157, for Burma 1 


and 27, for C. P, 1 and 20. The United Provin(*es, 
the Punjab, and Hihar it Orissa have .so for no such 
s«*hools, though a move has ri'cently been made, to 
establish «)ne at Cawnpore, the first in tli(< province. 
Among the Native IStates Baroda and Mysore have 
2 instituti»>ns each for the deaf with 00 and 100 
pupils respectively. 

Tli.?s the total number of institutions in this 
<*onntry is 20 attended by 014 scholars, the percen- 
tage being only .57, Jhmibay ha.s, to her credit, the 
liighest percentage of deaf-mutes receiving instruc- 
tion, and Bengal is a low second — the figures being 
2’6 and PI r(?pectivoly. 'fhe incidence of the di.s- 
e;ise, in India as in every other country, is greater 
among males than among females. 
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Turbulence 

M. P. Srivcistava 


General 

Thk study of tiirbiilonon dates l)a(‘k to the yoai* 
1813 when Prof. Stokos pointed out that the ehan^ft 
from the steady to the (Mldyiuj» state was due to 
steady motion l)(H*omiii<r unstable. A systeiiialic 
study, however, was taken up by Osborne Reynolds 
in the year 1883 with the distiiietiou that he aserib- 
ed turbuleneo to viscosity instead of instability, lie 
demonstrated it by a series of experiments on the 
flow of water in glass tubes of various diameters up 
to 2". Reynolds came to the following eonelusions; — 

That tiirbuleuec occurred when {n) the trans- 
verse variations of velocity exceeded a certain limit 
and (h) the fliiicl was boumled by solid bodies. From 
geometric similarity of flow of two liquids R(\vnolds 
found that the ratio of the iu(*rtia forc<;s to friction- 
al forces must be tlie same for the two li(|uids, 
rf/v is a constant where r is the velocity, f the 
linear dimension of the body or bodies which b(»tind 
the fluid in any way, and v the eoeflieienf of kinema- 
tic viscosity. In the atmosphen* / may be consider- 
ed to be the height of the troposiihcre or better the 
height of the liomogiMieous atmosphere. Tin* motion 
in tile atmosphere is tiirbnleiit for a lesser value of 
the Reym»lds number, as the eoeilieieiit of viscosity 
of air is low. The R(>ynolds number eamiot, how- 
ever, be used as a criterion for determining tnrbnleiit 
motion in the atmosphere as Reynolds’ analysis 
supposes that in tin* diflereiit states of fl<»w the only 
diffV*rcuees are those* of the si/e of the boundary and 
the rate of flow, the nature of the fluid remaiiung 
iiuehanged. In the atmosphere, however, there is a 
further eompli(‘atioii due to the exist(*iiee of a lapse- 
rate of temperature, a large lapse-rate helps the for- 
mation of tiirbulouce whereas an inversion cheeks it. 

The real advance in tliis direction was made by 
Akcrblom. who showed that the Eulcr-Navier eciua- 
tioris could be us(*d to interpret correctly atmos- 
pheric movements if for the molecular viscosity 


another suitable eoeflieient ohar:ieteri/ing the ap- 
parent or vertical atinospherit* viscosity was subs- 
tituted. Later on ITessrlberg and Sverdrup with 
tlie abundant aerologieal iiiat(*rial of Lindenberg 
made fnrlln*r devolopmenls in the ideas of Akcrblom 
and found that the e»)ellicienl of virtual viscosity 
inereases from a very small value close to the 
surface to many limes at about 300 metres and re- 
mains eonstaut above that height. All tiu* work of Ak- 
erbloni, lles.»elberg, and Sverdrup did not say why 
the eoeflieii'ut (T virtual friction varies in space and 
time. Although Ilesselherg and Sverdrup recogniz- 
ed that the virtual friction was due to Inrbidence, 
tliey failetl to show how tnrhnleiiee eoidfl produce 
sin*li an ellV'ct. It was hd’t r«»r (I. I. Taylor to ac- 
eoiiiplish this. lie started from the hh^a (hat there 
is always an exehang^^ of mass betwt*en diirereiit 
horizontal layers, the small eddies leaving their 
mother layers and travelling upwards f)r downwards 
till they are assimilated by the siirroinidiiigs, the 
exchange of mass is atTompanied hy px<*hangfi of 
]iroperties eharaeteristie of the dillcrent air layers, 
r/ V., water vapour, heat ami momr>ntum. Simultane- 
ously with O. r. Taylor or a little later W. Sehmidt 
published a paper on a similar subjetd and eainc to 
tin* same coiielnsioii as '^raylor. Me discussed tlie 
diurnal variation r»f (emperaliii'(‘ in the free at- 
mospIi(*re, tin* infliieiiee of large cities on climate 
and show(*d (he wide applieahility of these inathe- 
matieal results to diflerent- problems. S<>hmiilt used 
the tiTiii Attsffutf^rh ( cxchaiigiO A ^ hv whieli is 
almost tin* same as ’Paylors “Eddy eomlnetivity’, the 
former heing generally nseil hy (leriiian writers. 
L. F. liiehanlsoii later took n[» the work of Taylor 
and Sehmidt and computed by diflen'iit methods a 
number of values of eddy e«)mlnetivity and eddy 
viscosity. Richardson came to a general eoneln- 
sioii that the eddy eoiidiietivit y is very small, close 
to tlie surface, then increases to a maximuni within 
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the first kiloinotor mid finally at hij^her levels it 
iijjnin decrease's. Iticliardson was tlie first to take 
lip tlie pjeneral problem of finding the physical fae- 
teirs which create fnrbiilciice. 

Taylor in his treafiiient of difrusion of ln*at by 
tiirbiileiice did not take account of tlie dry adiaba- 
tic lajise rate which was later done by Hnint, 
Praiidtl Jiiadc! an attempt to express the eddy stresses 
in tiTiiis of the velocity of the mean motion. He 
iiitrodiK'cd a Iciijrlh characteristic of the state of 
tiirbiih'iK'e which is similar to the im?aii free path 
in the kinetic theory of «ras(‘s or in either words is 
regarded as a iliaim'ler of a. mass of flniil moving as 
a whole and also as the length of flu* path described 
by such a mass of fluid before it loses its individu- 
ality by mixing with neighbouring masses; he regard- 
ed mixing as a diseontimioiis proei'ss. As it is far 
fiimi the truth, mixing being a continuous process — 
Taylor gave a theory Avhich sei'ins very ]iromising 
and along which gootl progrc'ss can bo mmlo in the 
study of turbulence. 

What is Turbulence? 

Turbulence is in general an irregular flow which 
manifests itself in fluids, gaseous or liquid, wlum 
they flow past solid surface's or ev(*n wh(*n neigh- 
bouring streams of the same fluid flow past or over 
one another. The* actual motion is so irn*gular that 
very little is known of its details. It is equally 
very difUcult to say how or why turbuleiu'c arises, 
all that one knows is a little about the conditions 
wnich are to be fnlfillcd for the motion to be a 
stream-line one, tlie patli of the ])arfi<*l<* every- 
where coincides with the mean velocity of (he parti- 
eh' at that point. In the atmosphen* tnrbiilenee 
beeomes visilde through the (rail of smoke of a 
ehimney or gusts and lulls in the trace of an 
aiiemoiiK'tc*!'. 

1 iirhulcifvc in Ininnts, Osborne Reynolds was 
the first to study in thorough detail the transition 
from laminar flow to turbulent flow in liquids. 
1 be velointy at whii'h eddy formation is first 
noticed ill sueli expi'riments is called the ^higher 
critical velocity.’ 'riiere is ;i ‘lower critical velo- 
city' at which tin* eddies in i>riginally turbulent flow 


die out It is custoniar}’ to distinguish between two 
types of flow, the first in which the flow is perfectly 
nignlar and Poisenille's law is obeyed is gener- 
ally called the laminar or stream-line flow and the .se- 
cond the turbulent flow which is characterized by the 
presence of wandering vortici'S or eddies, the velo- 
city not being in one direction but varying with 
time and position in an irregular iiianner. The 
explanation of the diiriu’enee between stream-line 
and turbulent motions was given by Osborne Rey- 
nolds who showisl that viscosity has the cfl’eet of 
tending to prevent turbulence from being formed. 
It is for instance po.ssible to run glycerine or oil 
very inneh faster than water through a pipe without 
breaking down the streaiii-liiK' motion. The larger 
the fiipe tin* lower is the speed of (low at which 
turbulence sets in. 

Tttrhnienrn in the ntmosphete. Tlie flow of (he 
atmosplw're over the earth’s surface, whieh may be 
compared with that of air in a very largi^ ffipe, 
might be e.xpi'cted to bt'i'oiiie turbulent at a very 
low speed. Although veloeity s(*enis to have nn 
moderating infhienee on tnrbulenee in tlie atmos- 
lihen*, the effect of density seesns to he very marked. 
On a clear night when the air near the ground is 
cold, and hi'iiee heavy, tnrhnh'iiec* is prevented 
heeaiisi* the wiml has not siiflieient energy to raise 
the heavy nil* from the ground and replace it by 
lighter air from above. 

I low is fnrhnhntre protlnratl in the ntninsphere '"f 
Kddies very near the earth’s snrfa<*e are formed by 
various obslriietions to the wind movement such as 
Imildings, trees, etc., and by variations in topography; 
blit these eddies are sensibly stationary .so that in 
a .stcatly wind any light material such as dust, chaff*, 
or .siiic'f which may b<* carried along in the air inove- 
jnent is .seen always to follow the same trajectory 
or path of motion in passing any particular one of 
these obstrnetions. It fri'quently Inqipens that 
when two oppositely moving eiirriMits a])proaeh each 
other, the vehxn’ty gradients reach a certain eritie.al 
value for the.se layers of fluid and the stres.ses deve- 
loped within them ri'aeh the point where the stabi- 
lity is no longer jio-ssibh* for laminar flow and 
ixissibly through some local variations in flow a 
distiirbanei* will smhfeniy be .set up near the boun- 
dary betweem the two. What usually occurs in 
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practically every instance where eddies are formed 
at the boundary of separation betwe(*n the two air 
currents is that tlie eddies are carried alonjr |)y one 
or the otlier, de])endin^ on tlie, fact as to which of 
the two <*uiTcnts is stron^jei*. 

Tlie Nature of Eddies 

Tt is very dilVnailt to give; a clear-cut d(‘(ina- 
tion of an eddy. The eddies which ^em‘rally form 
at the edj^o of a stream flowing; into a millpond are 
of the nature of vortices with vertical axes but 
when wc come tr) dealing with the atmosphere 
then the word eddy is no lonjrer n'striclctl to 
vortices, ft can only be dciiiied as a physical 
entity which disturbs the uniform ilow of the air 
and includes rotatin$r eddies, convection cnrnmts, 
and any (»ther type of distutbanc(‘s. 

Formation of Eddies 

If we have two streams of (In id of dillerent 
orijrin flowiny: at the hack of a sharp corner, the 
Ihu'iioulli constant of the two streams will b(* dilVer- 
ent and as the pressure alonjj the surface of dis- 
continuity is the. same the velocities in the tw<» 
streams would be dillerent. In this case tln‘re is 
a longitudinal discontimiity in the velocity. If the 
flow of the two streams be in dilterent directions 
with tlie same Hermmlli »*onstant then (here is a 
transverse discontinuity in the v<*locity. 'riiese 
surlaee.s of discontinuity, beinjj unstable, do not 
hist lonjj;. There is a tendency for the velocity 
to increase at some placi* and diminish at another. 
The resnlt of (his is that the surface of discoiiti- 
niiity breaks np into a larj^e number of eddies 
or vortices. Uosmihead, as a result of his inves- 
tigation of the ilow of a stream of density Q and 
velocity ?/ in the direction of the axis of r above 
a stream of the same density but ilowiiij' in tin* 
op|)osite direction, came to the conclusion that 
the efFect of instability on a surface of disconti- 
nuity of sine-form is to produce eoneentratioiis of 
vnrtieity at etpial intervals aloii}? tlie surfae<‘, the 
surface of diseoiitinuity teiulinj^ to roll up round 
these [luiiits of eoii<‘eiit ration. Eddies m:iy also 
be formed by the ilow of a lliiid past a shari) 


edge. The velocity at the edge is large and theo- 
retically should be very large, but observations 
show that tin* velocity diminishes due to the for- 
mation of eddies. What happens is (hat ]>robably 
then* is an eddy behind the sharp edge which 
causes the iliiid to approach (he edge from behind; 
thus we have two ihiids Mowing at the edge. \ 
surface of discontinuity is formt'd (here an<l is 
rolled np by tin* eddy which, being fed afresh, 
grows on. As a matter of fai’t the eddy and the 
surface of disconliiiiiity form one entity and grow 
siiiiiiltainMMisly. Later on tin* eddy d(‘(a<'hes itself 
and the snrfaci* of discontinuity which is being re- 
newed at the (‘dge hri'aks np into separate eddies. 

Rale of Decay of Eddies 

Tin* inaninT in whieh eddies die out is not at 
all understood. 'I'luTe m-ciii to be (wj» main causes : — 
id) the iietion of viscosity bolwooii rings of ilnid 
rotating with ditlcrcnt angular velocities; (h) forces 
due to dynamical (‘a uses whi(‘h tend to reduce 
the tangential velocity of tin* Ilnid in the (*ddy. 
In the ease of large eddies the cause (it) depend- 
ing oil the sf|iiarc of tin* velocity will be more 
important when*as in (he ease of slowly rotating 
eddies tin* motion will be determined by visi‘osity, 
the elleet of whieh is proportional to the vi'loeity. 
ft is, howev(*r, very dillicnlt to apply these ideas 
to tin* atmosphere as there are no circular eddies 
present in tin* atmosphen*. From the works of 
'rayloi*. llcssell>(‘rg, Sverdrup, Hriiiit, and others 
we know a little about how the wind varies witli 
height and tin* rati* at whieh monn*ntiim is trans- 
ferred from one atmospherii* layer to anotln>r, but 
the general probl(‘m of (iirhulciit motion in the 
;itmosph(*re is still far from being nndei’stood. 

The Partition of Eddy Energy 

Taylor investigated the rt'lationship between 
the variations of wiinl vi-loeity along and across 
the mean direction of the wind, lie sele<*tcd (In; 
records where tin* wind ai>peared to kef*|) a steady 
mean direetiou and si)t*ed over a period comprising 
a large nmnber <»f gusts or eddies, lie drew two 
dotted lines on cm h trace to inclinh* all but a 
f<*w extreme gusts and measured two cxtn*nn*s of 
wind direction and two of wind velocity. Jl I mar 
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and T min bo tho inaxiiinnii and nuniinnin vclocitios 
and tlio iin^iilar variation o£ wind volovity bo 0, 

thou by plotting; !/"*** a^^ainst sin ^ 

siniijrlit line is obtainod. This eonolnsivoly shows 
that the hrn'i/ontal ooniponont of oddy inotion across 
the wind is equal to tlie ooinponont alonj^ the 
dirootion of tin? iiK'aii wind, /. e., if //', iJ, U'^ be the 
ooinponents of eddy velocity about the mean value 
ii w 0), then To <*onipare the values 

of r and /r', 'l_ylor used teth(‘red balloons and 
found thatv*=^«;^, thus establishing; a complete 
eipiipartition (if cd<lyin}; energy. 

Scrase repeated the observations of Taylor by the 
help of a bi-direetional vane and found that 
and w* components ar<j not ecpiiil. At 2 metres 
the ratio of the r component to /e' component is 
1.59 and and at 18 metres it is 1.20. On an 
average Scrase finds that the ratio <»f (he lateral 
diameter to the vertical diameter is 1.5 or in other 
woixls is more than twice as great as 

Vertical Transfer of Heat by Turbulence 

The rate at which heat is carried upward or 
downward by eddies has been given by G. I. Taylor, 
who found that the upward flow of heat due to 

eddies could be given by - KqCp ^ where is the 

density, Cp the specific heat of air at constant pres- 
sure, 0 the pot(Mitial temperature at height Z and 
K an essentially positive (piantity which measures 
the activity of the eddy at height Z. This treat- 
ment of Taylor suffers from a disadvantage as it 
applies only to an incompressible atmosphere. The 
corresponding analysis for compressible lim’d lias 
been giv<*n by llriiiit W'ho expresses the flux of 
heat by turbulence in terms of the absolute tem- 
perature T and not in terms of potential temperature 
as done by Taylor. Taylor did not take account 
of radiation in his treatment which has been done 
by brunt. For the resultant upward eddy flow of 
heat across the isobar /;, Brunt gets the expres- 

hion -Ke(\ ( 41 - H whciv K - 

\ / <JQ 


m being the mass of the eddy, the standard 
pressure (1000 mv), p the pressure and Q the density. 
The corresponding expression derivtul by Taylor is 


- KqCp 


iSO 

AZ 


li being defined by tv (Zo - Z) where //’ is the 


vertical velocity and Z tin* vertical co-ortlinate 
of an eddy which originated at Zq. This difference 
betwe(Mi Taylor's and Brunt's treatments is that 
Taylor assumed the flow of heat to be propor- 
tional to the potential temperature while Brunt 
eoiniderod it to be ])n>portional to the absolute 
temi)(»ratiire. In I'aylor's treatment as in that of 
Brunt the moving eddy is supposed to take up 
the pressure of its .siirroiindings or, in other words, 
the mixing takes ]>lace at constant pressure and in 
mixing with the siirmundings the eddy .shares its 
excess or defect of thermal enei*gy. A further 
advantage of Brunt's treatment is that it eihables 
ns to decide how the flow of heat upwards or 
downwards depends on the lapse-rate. The factor 



is the difference between actual lapse- 


rate and the dry adiabatic lapse-rate. The net 
eddy flow of heat is upwards, downwards, or zero 
according as the actual lajise-rate is greater than, 
less than, or equal to the dry adiabatic hqise-rate. 

L. F. Richardson has, however, adopted a diller- 
ent treatment for the dilViision by eddies. Richard- 
son's treatment, however, is not quite easy to 
understand. 


The Combined Effects of Radiation and Turbulence 


Brunt took account of the combined eftcct of 
radiation and turbulence in estimating the rate of 
change of temperature produced by eddies, lie got 
the expre.s.sion 


AT 

k 


( AV + A'r ) 




The variations of Kr (radiative diffusivity) are 
attect('d more by vapour pressure than by any other 
factor and consequently, Kr will not vary within 
wide limits with time of the day, as vapour pressure 
has no marked diurnal variation, AV(Fddy-dif!iisivity) 
on the other hand is likely to vary within wide limits, 
as dapse-rate changc.s arc smaller under sbible than 
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rniulitions in tlu* v(‘rti<‘:il. This iikmiiis 
that the tcinpi*r:itiii't* will iiu‘n*:is«* with the iH'ijxhl if 

.^,.1 is posilivc and fall if is in-^ativo, whcliirr 

nZ~ 

niK* ^■nllsid^'rs f'llrcls nf radiation or tnrhiilrncf* or 
, both. Tlu'rc is, howovcr, one point to la* taki-ii into 
consideration, r/v., that when'as the How of heat by 
ra<l.iatii>n is upwanis or downwards a<*eonlinuj as tin* 
teinp(‘ralnr(‘ deereas<‘s or increases with In-ijrht that 
])y tiirbnleiiee is iii)war<ls or downwar<ls a(‘eordinL!; 
as the actual laps»*-rate is ‘j:reat<'r or less (haii the 
dry adiabatic lapse-rate. 

In (h'l'lvin^ tin* eddying e(|nation no aet'oiint is 
taken of lar«i<*-scale eonveetion, since it i> as>niiu*d 
that tiu* ai'(‘a through whi(‘h (he lhi\ of heat is 
in(‘asiir<‘d and tin* linie over wlii<‘h (he 4‘onditioiis 
are averajxi'd are both snlli<M<*nt ly iin*at tii include 
the* etleets tif a larm* nninber of (‘ddies. It does not, 
howev<'r, appear h-^itiniate to a^iiiin* tiiat the tina* 
ov<'r which (*onditions nnisf lx* averaged to yield a 
r(‘a>onabh* estimate* <d’ tlw ellet-ts 4)f la '-scale* <M)n- 
ve*e*tion e*urre'nts is snllicieMilly slairt so that it is 
pe'i’inissiblc to ne*«ile'e*l the* clian^e*" in e-xlernal eanieli- 
tions dnrinj; this interval, \\ahics id' A' vary with- 
in wide* limits, hn is comparabh* with hr in in- 
vcr>ie»ns and is nine'll -malh'r tlian h r iineler e'oneli- 
tieiiis whe*n there* is vij^orons tnrbnlene*e. 

Tran.sfer of Momentum of Eddies 

Se'hmielt starts from the* a^simiptieMi that an e>elely 
prcse'rve*s its memientmn while- me»vin«r from emc 
l.'iycr te) aimthe*!* anel eibtains an e-xpre-s^ion for the* 
ne*t jiain e)f momentum by a unit veilnme eif he-ij^ht Z 



Ife* e*alls I\v-A “.\nstansch (I']xe'han«j:e') Keie-f- 
li/.ie*nt\ 'I'his assniniitiem e»f Se'hmielt is, heiwe-ve'r, 
imt justiliabie* as the* irre-^nlarit ies eif iimtiem in a 
tnrbnle*nt lliiiel are* assex-iate-el with irre*jj:nhiritie*s ol 
elistribiitiem ed’ statie- pre-ssiire* anel is p4issible* that 
tlu'se? pre•ssnre^ elinere*ne*e*s inllne'iie-e* the* heiri/.eiiital 
nie>mcntiim eif the* mi>vini^ e*elelie's. 'fei avenel this 
eibj<*e*tie)ii, Tayle»r tae-kle-s the* pre)l)le*m in aiiothe'i* 
way. lb* (.‘einsieler.s twe» elime*nsienial nmtieai anel 
takes the vewtie'ity t.e» be* eemstant — the*. v«»rticity 


e>f any cleine'iit. be-inj^ iinanee‘t.e*el by the* leie-al varia- 
tiems of pre*ssnre\ The rate e)f hiss e»f me>ine*iitiiin by 
e-elely transfe*r frenii a nnit, vediime* ed’ the* tnrbnieni 
meelinm is «riv<'n by 

r /• 

In a re‘e*ent. pape*r 'r.iyhn' trie*d te) e-xtcnel the* 
ven’tie'ity-traiispoi't. the'eii'y tei thre-e* elime*nsie)ns but 
without any sne'i*e*ss. His tre-atnie'iit is ve*ry h'lij^thy. 

1 he*s<* h'li^thy re'sidis ejf '^rayhn* re'dne'e* te) twei- 
eliineiisietnal lle)w parallel te) the* .r\ jilam* anel te) 
IVaiieltls form whe'ii the* ineition is in the* //*. plane*, 
'rill* ve)rtie*ity is ne> lonjrrr constant in lhre*ev 
elinie*nsieinal Ihew as it is all'e-cte'e! by the* local varia- 
tie)ns e)f pre*ssnre*. The* me)me>ntnm-t ranspe)rt the*eiry 
ele‘vi*h)pe*d by Se'hmiell, Praiidtl, anel e)the*i*s is 
applie'abh* te) thre*c-elime'nsie»nal nie)tie)n, since //anel v 
e'eiiiipe)ne‘nts e)f ve‘le)e'ity are- tre*ate*d .se*parate*Iy anel 
iiiele*pe‘nele*ntly. In the* at niosphe>re> the* tiirbidcnt 
me)tiein is in thre'i* dinii'iisions anel it be*e*e)me*s 
iiie-re'asinjily eliilhadt te) apply the*se* I'esnlts there*. 
The* e*re).ss-winel ce)iiipone*nt r is j^rcate*!' th:in e*ithe*r 
e)f the* eetlwr twe» e*e)mi)one*nt.s. \e*ilhe*r Tayhef’s 
re*snlts ne»r Praneltrs se‘e*m te) re*pre*sent the* true 
cemelitieens e)bse*rve*el in the* atiimsphere*. The*re* is 
as a matie-r e)f f:ie*t ne) mathe-mat ie*al the*e)ry e)f 
tnrbnh'iie'e* in thre*e* elinie'nsie>ns whie'h ceiiild bo 
applie*el tee the atnie)sphe*re*. 'fliis is partly elite* te) 
the e'etiiiph'X nature* af an e*<lily. 

Prandtl’s Tlieory of ‘Mischungsweg’ 

111 Praneltl’s tlmeiry the* e'.sseiitial ste*p is tlio 
introeliie'tiem of a paranie*ter 7’ e'harae*te*ri.stie*. of tho 
tnrbnh'iie'e* whie'h is ieh*ntie'al with the; me*an free; 
path in the* kine-tie* the*e)ry e)f erase's. ''I'he* lenytth 7' 
is re'^areh'd as a eliaiiie‘te*r e)t a mass of meivinej; ihiiel 
anel alsei as the- path traverse-el by this mass re-lative*! 
te) the ri'-^t. of the* Ihiiel be'leire; it le)se*s its inelivielnalt- 
ty a;.!:ain by mixiiii*; with the* lnrbnle*nt Ihiiel by whie*h 
it is snrre)nnele*el. It is iie.t kimwii if these* h*njrths 
are* exae tly the* same*. IVaneltl, he»wcve*r, aelopts the; 
se*e'einel as a meire- e*enive*nient eiiie* and e-alls it 
‘Mise'h lilies we'}'’ or path eif mixin}r. Praneltl 
e'eiiisiele-rs t wee-eliine-nsional ineitiem. If ti anel r 
are; the* vchie-ity e*om|)e)ne*nts re-lativ'e* te) the re*c- 
tanu:nlar axes ./• and //, the*M 

e (Apparent V'ise-osity) - /* 
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This is not (jiiitt! jurcnmte uiulor cortiiin c*oii- 
ditions. Thus for flow in a cliaiiiiol when vohu'ity 
is a niaxiniiiiii flu* !ibov(* oxpivsshm gives — o 
which is not the case. In order, therefore, to ex- 
plain the discrepancy the statistical avenigt^ over 


the soetiuii of breadth 2/, 




be considered. 


lienee the correct expression for « is 


It was pointed out by Prandtl that vorti<*ity 
transport theory is incorrect for flow in a pipe. 
The misoii tor tlH^ failnnt of Taylor’s llieory is due 
to the fact that Taylor assumed the motion to be 
two-dimensional in the plane wlien'as it has 
been shown by Fage to be tiire<>-dimeiisional. 'riie 
vorticity-traiisport thcoi*)- tits better than tin* momeii- 
tiun-transport tlieory for Ihiw in tin* wak<‘ of a 
long eylindi’ieal body where then* is a tendency to 
form vortices having ax(*s parallel to the dir<*ction 
of the mean flow. In tin* boundary as shown by 
Prandtl, the vortices Avith their axes parallel to tint 
mean flow will be lndependf*nt of th(> local ))ressiire 
ditlercncos and the flow of heat ami momentum 
will be similar. 

Prandtl’s ^10017 is based on tlnj assumption that 
the pressure gradicsits on the fluid which accom- 
pany the edilying motion have no cflrct on the 
flnal result so that each particle continu(‘s to move 
with the horizontal nu)incntuin of the layer from 
which it originated till at last at soim; stage it mixes 
with the fluid at the level to which it penetrates. 
In Taylor’s tln*ory it is the vorticity which remains 
constant during the motion of the eddy, the momen- 
tum being modified in the jonrin*y by changes <if 
pressure. Fiirtlna*, whc'reas the mom(*ntnm-transport 
tliexiry as developed by Prandtl and others is direct- 
ly applicable to three dimensions, // and r compo- 
nents of velocity beii\g tn’ated separately and inde- 
pendently, tin* vorticity-transiiort theory docs not 
apply to three dimensions as the moving eddy no 
longer retains its original <*ompf)Mcnt of vorticity 
being affected by hnuil variations of pressure. 


Limitations of *Mischungsweg* Uteory 

The theory of Prandtl as dcvelop(?d by Von 
IGirmaii is vc‘ry useful and yields many interesting 
results and gives solutions of problems which laid 
long remained iinstdvcd. In spite of that it leaves 
iiiisetth'd certain iiii|)ortant points, as for instiince, 
the structure of tiirbident motion and the connexion 
between the motion in eoiitnil Vore’ of the field and 
tlie boundary layers in the. immediate vieinity of the 
walls. Ill the core the, shearing stress is wholly 
diitermimul by the turbulent motions and the fluid 
can be eoiisid(*r(*d to be behaving as if it were an 
ideal fluid ; in the boundary layers turbulence 
disappears and makes place for laminar viscous 
flow. Hilt in some way tin* motions in these regions 
must influence* one another. Moreover, the theory 
does not give any information about the balance 
of <au*rgy. 

Applications of Turbulence in the Atmosphere 

111 the atmosphere where the motion is far from 
being laminar, turbulence [days an important part 
ill the physics of the air. ’riu; variation of the wind 
vcl(H*ity with height can be exiilaiiied with some 
approximate truth on the assumption that A' remains 
constant. A', however, does not remain eoiistaiit. It 
is also (liflieiilt to say how A' varies with height. 
If some law relating to the variation of K with 
height eoiild be found that w’oiild be a very impor- 
tant contribution to meteorology and many important 
results could have Imm*!! derived from it. 

The tiiiiriial va-iafion of femperatiire falls with 
the value A’ with increasing heighb being l/c of 
the surface value at bOO meters and l/c'** of the 
surface value at IbOO meters. The observations do 
show that the diurnal variation of temperatiint falls 
till bUO meters 1>nt beyond tin’s tin; agreement is not 
good, for the value of K is not reliable ; besides, the 
effects of eoMd(*nsatioii of water vapour begin to be 
important at lieights of about 1 km. and above. 

Diffusion by Continuous Movements 

Of laic there ha.s been a tendency to study 
diffusion by statistical methods. This was begun 
by Jacobson and continued in a remarkable way 
by ''Faylor and Uichaixlsou. This seems to bo a 
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much bettor way of handling tlio subject of tiirbii- 
Icnco. Taylor coiisidors the st;itc in whieli tli(» 
turbidciioc in a fluid is uiiiforinly distribiitcMl and 
the average conditions an; tin* saiiu* everywhere. 
If ft ho. the velocity parallel to flie ./■ axis and //; 

the coeflficiont f»f correlation b(‘tween fin* velocities 
of the ])artieles at time / and / + tluMi if has 

been shown by Taylor that r"(A'“] \'[ir\T 

where .V is the distance trav'clleil by the partich^ in 
time f and T the interval of time snlliciently small 
such that 11^ does not ditler appre«*ial)ly l>om 

unity. The above relation shows fhal fhe Standard 
Deviation of a parlicle from its initial ])osition is 
proportional to T where T is small, fn a fiirbn- 
lent fluid the most plausible assnmplion to be 
made is that would fall to zero for larj^e values 

of f. It im^ht remain positive or become in*u:'itiv(* 
or oscillate before fallinj' to zero but in either 
case then^ wonhl be an interval of time T such 
that at the end of the intcTval there should be no 
correlation with the velocity at the Ix'jjinninjj. In 
/•* 

this case if Um ) R^ is (inite ami ciiiial to /, 

then 1 .V’** 1 *J I I'l\ whence it follows that 

a continuous eddying motion may have* tlu' i>roperly 
that the S. D. of A' is propt)rtional to the s<niare 
of the time. These the(»retieal results are ctiniinncd 
by some of the e.xporiments on tin? diirusinn of 


smoke from a fixed point in a wind described by 
Richardson, lie found that at small distances from 
the «iri‘rin of the smoke the surface, containing; 
the standard deviations of the smoke from a 
horizontal straight line to Leeward of the surface, 
is a cone. 

.At «>:reat distances Richardson’s observations 
show that this surface becomes a paraboloid so 
that the d(?vi:ition of tln^ smoke is ])ro|)ortional to 
the sf|uare root of the time. Roth these obser- 
vations an? in perfect a«!:reenn?nt with Taylor’s 
thcfjry. 

'I'he id<‘as <»f Tayhu* have Iven developed by 
(X (i. Suttim who consi<lers mixing by turbulence 
takin<r place aloii'; the whole path of the eddy. 

In the year lbJ!t Hurler applied the methods 
of statistii‘al mechanics to the problem of tiirbu- 
h‘nc<‘ in an entirely ditlenait way — the motion 
beiii}; coiisidcu'ed two-dimiMisional. Rur^er considers 
the main motion as broken up into tin? continually 
lluct Hating relative motion and mean ilow. 

'rin‘ various states of tin? relative motion arc 
r<*i)res(Mit(>d simultaneously by a number of points 
in spac<? at a series of instants with equal inter- 
vals of time between them. He divides the space 
into a nimilxM' of oo\U and considers the statistical 
probability of the total Ilow. Ilis treatment, how- 
ever, is ditlieiilt to folh)w. '^Fhere is, however, no 
doubt that some advance has been made in the 
study of turbiilenct*. 
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Recent Geological Changes in Morthern India and their 
Effect upon the Drainage of the Indo-Qangetic Basin 

D. ri. Wadici 

Geological Survpy of India. 


Introduction 

Thk (‘iirtli li.i.s IK) (‘hiiin to lx? ;i term finmt 

ns (lio (‘nrtli’s crust posscssi's no real stability. 
T’lidcr the wcijrht of jjrcat luountaiiis the crust, 
boiiils and even j^ives way in cracks and fractures 
and b)lds. Kven sudden tri-cjit. clianjjjcs in Iiarn- 
inetric pressure, h(‘avy tides, (‘tc., produce, tremors 
in the crust which are measiirabh! by the seisino- 
jjcraphs, while there are some 10,000 ‘ perceptible 
eai*th<iuakc* sIxM'ks felt every year all ovt*r the 
jj!;lobe. “As old as the hills” ajraiu is an expres- 
sion which, thoU}i;h poetically accept abh*, is seienti- 
tically ina<*curate. The greatest and most imposing 
ranjres of mountains like the Himalayas, tint Alps, 
etc., are, geologically speaking, of only yi'sterday. 
They are very younj^ compared with the .sjirdy 
eroded, worn out. ranges, such as tiu* Aravallis, 
the remnants of a jj[reat <*hain wdiicli in past iico- 
lo^ical ajxes stretched across the length of India. 

The surface features of tin? earth’s ci’ust, the 
distribution of sea and land, continents, moiiutains, 
rivers, lakes, an» subject to constant ami <*easelcss 
chanjro and every *;eolojrical a^e comes to possc.'^s 
its own j!:eojj;raphii*al features. This is tin; first 
and most iiiiptirtaiit lesson of ji;<*olotry, Mountaiii- 
(‘hains arise and are worn down to sea-lcvcl by 
tin* atmosplK‘ric. a^ent ; from their debris is built 
n(*w land on tlu' lloor of the oc(*aiis, while the 
bottom of the sea is elevaf<‘<l to form lUiW mountain- 
chains. 

The chanjxes that have taken place in India 
since the last f^colo^ical ajre, the? l^lei.stocene, have 
been of ^rvixi magnitude and importam c. Wv iiiijrht 
consider them s(‘parat(‘Iy as pertainin|r to the thn*e 
groat natural physical divisions of India. 


The Peninsula of Deccan 

The l)ec<*au plat(>aii is om* of the ohlest ami 
st^dilest blocks of the earth’s surface, in (‘oiiiparisoii 
W'ith (he Himalayas which represent a weak aiwl 
flexible part of the earth’s ciremnferenee and which 
have been uplifted very recently. It has resisted 
all folding movcimaits since very early geological 
film's and is only siiscc'ptiblc to block* faulting or 
fracturing. Althoiigli m) revolutionary changes 
have occiiriH'd in the Deccan plateau sinei' thi' 
cml of tlu' 'Tertiary (‘ra, Tertiary Deccan hail a 
drainage systcan ililVerent from the present om*. 
Ordinarily we should find (he drainage in a land 
of sneh antii|nity to be more or less eipially 
divideil on the two sides of a eentral, dividing 
highland, but. in the Deeeaii we liml almost all 
the rivers lh)wiMg east, from the W'esteni (Jhats 
which are sitiiatc'd so eh>se to the Arabian sea- 
board. 'The rivers 'Tapti and Narbada an* the 
only c‘xi*eptions and tlwy are ilowing along lines 
of dislocation (rift-valh-ys). It is probable that 
lh(* D«*c<‘an pl;i(i-:iu 'xtemh'd mm*li farther to the 

west and that (he \\'c',(cni (ihats formed tin* 

wat<*rshc<l nf that land, b(*ing sitiiateil somewhere* 
in the inidelh* ; the land we*st of the* (.Ihats has 

sinci* .siib.sid(‘d iimh‘riK*.ith the se*a. Some* <*vi<h'm*c 
of this is observed in the .scarped faci* of the 
Konkaii and Malabar <*«)ast showing <*.\t«*nsivc fault- 
ing, the faults being eonneeted with the* sysp'in 
of faults seen in the Mc'kran coast, the* south 
Arabian coast, and the* Afrie'aii coast fn>ni (’ape 
Hnadarfiii to Zanzibar. 'The riv<*rs 'Tapti and 

Narbada, do not ilow in valleys «)f their own (‘xca- 
vation but have ocempied rift-vallcys or cracks in 
the crust wliich folh>w mori* or lo.ss a straiglit line. 
'J’hc presence? e»f numerous wa(e*r-falls in the Nar- 
bada and in many e)th<*r rivers of th(! Dcercan also 
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siijr>rc*sls ti niCfliMiiical nri^iii nf llic v:illcys wliirli 
can only 1m* cxpIaiiuMl hy tectonic (ii.stiirliaiu'cs. 
Some tilting of the ])cninsiil:i fowanls tin* cast 
took place simiiltancoiisly with the formation of 
the faults. This theory explains the positimi «»f 
the watershed an<l the easterly drainajL^e of the 
rivers of south India. 

Tlie Indo-Cangetic Plains 

Hetwe(*n the Deccan peninsula and the Hima- 
layas is th(* vast Hat cxpaii'^j* of the Iiidn-t iaii^etic 
plains a sunken tmn^h c\(eiMliii<r frnm Sintl to 
.Assam lilh'd up with tin* alluvial depo>its of the 
rivers lM*lon<i:in««: to the Imhis-t lailircs system. 
The rndo-(jlan^etic plain was orii^inally a ilccp 
rocky basin ami was at (irst oc<Mipicd by an arm 
of the old llimalayaii sea, which in course of 
time jrsiVi* i)la<-e to a y:nlf and nllimat«‘ly the 
br«»ad valley «if a river which flowe<l a<*ro<s north 
India from the cast to the nortli-w«'st. 'I’his >iin- 
k«*n troiijih is bclicv<‘d by jLreoh>jiri>|.s to have been 
creat<‘d as a complementary <lepressi«m to the ele- 
vation of the Himalayas. 'I'lie earlli’^ cni'.t is so 
yicldinji: that tin* wav<‘.-> of tcct<iid<* foldinu; from 
the north crcateil in front id* the risini; mountains 
a dcpr<*.ssion of the nature of a “foredci'p”. Sir 
Sidney Ihii'rard. late Snrveyor-deiieral cf India, 
considered it :is :i rift-valley, a ci-ack in the 
earth s crust some *J0 miles deep. (Icolo^xi'^ts have 
not accepted this rift-valley oriiiin of tin- Indian 
plains. Idiey <'onsi(h‘r the depth (d' the alluvial 
basin to lx* betwec*n iri.tMjO and feet. |{e<*eiit 

gravity m(*asnrements and other <iata indicate that 
tilt* d(‘pth of the Iroim'li is not nniform; themaxiimim 
depth occurs between Delhi and ISajm.-ihal Hills 
and that it rapidly deerea.ses in Kajpntana on 
tin* w'cst and in tiu* l{ajmahal-A'«sam tract in 
the east, these rejrions havin*; only a shalhiw, 
alluvial eov(‘r. .\cct>rdinj' to this view, the penin- 
sula has men*ly sa^.^ed and not iVaetiired and the 
resnlting trough is (d* tin* natun* of a synclinal bdtl 
or basin and not a rift. Its lillin«;-np has been 
accomplished by the simple |»rocess of alluvia- 


tion, by the diseharj^e of the silt and debris 
broiijiht down by the riv<'rs deseendinj; fn»m the 
newly npheaved mountains. 

'^riie irreat plains »d’ tin* Punjab, I’nited Provinces, 
Iiiliar, and Heny:al are thus of very recent :iii:e and 
are merely the olVsiwinir of the Himalaya-!. The silt- 
earryiiifj capacity of Indian rivei’s is w«*ll known. 
It has been estiniat(‘d that the (lati^es transports 
about HOO.OOO tons of silt r'very day, while the Indus 
and Brahmaputra »*arry to the* sea about l,0t)0,t)l)() 
tmis per elay, on an averaj^e*. 'riiis troiijxli, vast as 
it is. eiiidd thus b(> filled in a comparatively short 
period of jreolojrieal film*, 'riie h)a<linu: of a com- 
]Kirali\a‘ly narrow belt with nearly four mih's depth 
id* allnviiim may pre.suniably have atVected the 
iso<^tatie ei|iiilibi‘inm id‘ the* troiiirii and led to its 
further siidviti'x; thus deposition and downwarp 
proceeded pftri and is prob.ibly still (‘ontimi-r 

inir in the delt.aie tract-* of tln^ Indus ami the (i.an^es. 
Then* are many evidences to prove the recent sid)- 
sidence of the Siiiiderbans and of the tract of d(*ltaie 
country below Hyderabad in the Indus valley. The 
Himalayas, on the other hand, receive fiirtlu*!' 
impetus for uplift by flic continuous deimdalion an'd 
removal of mailer from tlieir surface by the rivers. 

Kvidences of Recent Geological Changes in 
the Himalayas 

The mo.-l >t rikiiej: evidence of reeent jicoloirical 
chaiiixes in tin* Himalayan re^iim is fnrnisli(‘d by thi* 
alluvi.il minimi- or platfnrms known as /utrrtra, the 
nneroded pm’tions of a onee-e\len.-ive lake deposit 
which tilled the l\a-hmir valley from end to end. 
ddie Karewas are several thousand feel in depth and 
contain many fo.-*sili/eil remains of |trehistoric mam- 
mals and snb'Becent dicot> l(>don plants. Benches 
and terraces of Karewas adherin*; to the north east 
Hank of the Pir Panjal are tilted, folded, and elevated 
l,t)Ol> to o.llOO feet above the present bed of till* 
dhehnii. This is due to the uplift the ICashinir 
Himalayas have iniderLTone since the time of forma- 
tion of the Karewas (Pliocene to Midille Pleistoei'iie) 
as d(*po**its of the old l\a-hmir lake or lakes at the 
head of the dlielnm. 

'riie seeoml evidence of a reeent uplift is all'orded 
by the foot-hills of the Rawalpindi district which 
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iiifoliU^d ;i roii.sidorabh* bulk of iipporinost 
SLwalik strata Qjn\v<*r Pleistoc(Mie). Boiiklor-cnii- 
gloiiicrato b(Ml.s <tf this horizon, of groat thickiioss, 
arc vortioally fohlod in tlioso foot-hills, ooiitaiiiiiig 
inarninalian fossils whioh iiidi4*ato a Lowor or ovoii, 
aooonling to soino paloontologists, a Midille Phas* 
toocMii; ago. 

'riio doop disso<*tion of post-Tortiary dop<»sits by 
th(! nmiiorniis transvi»rs<* rivors of tho lliiiiahiyas 
affords yot fiirth(‘r ovid(Mn*o to tlio saino offoot. Most 
Ifinialayaii riv<*rs havo a systoiii of rivor-torm(*os 
<»r boiiohos \vliit‘h rango up to about .‘hddO foot abovt* 
tho lovol of th(‘ir proscuit b(*ds, /*. //., tlu* iippcu* Siitloj. 
Til soino ojisos th<*s(* t<*rraoos havo <‘iitoinb<Ml in tho 
silt and gravols bonos and otluT nu'ogni/ablo roliivs 
of PloistoooiK* iiiaiiiinals, iiidioating that tho inoiiii- 
taiiis ha\M! Imh*!! «*h'vatod soino thousand foot siiioi* 
tho Ploistooono. 

Recent Drainage Qianges in Northern India 

Indian geologists havo long boli<*v(Ml that tho rivor 
(langos was onoo flowing in a north-wost dir<»otion 
and has only rov(‘rsod its flow only in prohist-oric 
tiinos. During vi'ry lato goologioal <*i)ooh a great 
rivor flowed from Assam to tin? Punjab ami Koiiat, 
thoiioc, turning southward, flowed into tlio Sipd (liilf 
prolongation of tho Arabian S(ia. Before tho birth 
of this river, in Tertiary times, a gulf, known as the 
Nummiilitie soa of mirth India, strotohod from Sind 
to Assam. This sea Avas tho last remnant of tho 
Himalayan soa driven baok by tiu* uprise of the 
mountains from its bed. The <*xistem*e of this 
postulated gulf is proved by tlie do|)osit,s h»ft behind 
by it — do]iosits that w<*ro laid down on its floor in 
a thiek pile of A'/z/z/z/z/z/Z/fj-boariiig limestom* — in 
chain of outliers all along the foot of the Himalayas 
fmm Assam through Nepal, Naini Tal, Simla, to 
Kohat and thonoe, with incToasing volume and 
breadth of outcrop, to Sind. This gulf as it retroatcHl 
and disapperod in course of time was n^plaecHl by a 
wide river running from east Assam to Punjab and 
thoiiee southward to Sind, 'riiis old river, the 
prcdoces.sor of the present Ganges and Tmlus, is 


named “Tndobrahm” by iSir Edwin Pascoe and the 
“Siwalik Iliver” by Dr Pilgrim. Tho course of this 
ancient river is revealed to-day to us by tho alluvial 
d<*posits it laid down on its brinks and flood-plain. 
These increase in width and vohrue as we go wo.st- 
ward of Assam, till something like Ifi.OOO feet of a 
well-bedded pile of Siwalik strata are met with in 
the Soan basin of N. W. Punjab. The river (laiiges, 
as we know it to-day, is a ilisriiembered part of the 
Siwalik rivor of Assam-Piinjab-Sind and owes its 
origin to a difl*erential elevation taking place near 
the P.iui|iat region of east Punjab, at tlr* on 1 of the 
^^iddle Pleistocene when the topographic evolution 
of north Tudia was all but complete. This distiirbaiioe 
servered th(‘ rmlobrahm into two portions ; tin* upper 
half, the pn>scut Gangt's, was d(‘fle<‘tcd and followed 
an <»a.sterly <*onrso along the now flat and hovelled 
plains ami nitimatfdy dischargcti into the Bay of 
Bengal, whih* tho other, the lower half, coiitiiined to 
follow the north westerly ami tluMi southerly course 
<lischarging into tin* Arabian Sea. Tho latt<*r has 
become the rmliis riv(‘r of tin* present time. We 
<‘amiot enter into the details of pnu*essof disimanber- 
ment, the reptMtcul bchoaditig and capture of the 
older riv<*rs by the tribntari(*s of vigorous young 
rivers whit'h w(*re iiivolvrsl in these changes. Por 
those r would refer to the papers by Pilgrim and 
PasiMio on this snbjeirt ; ( Early History of the Indus, 
Brahmaputra and Ganges — Sir 10. II. Pascoe, Quart. 
fJnnr. (teol. Sor., Vol LXXV^ p. l.'hi, (Ifllfl). and Sug- 
gestions (kincf'riiiiig the History of the Drainage of 
N<irthcM*n India — G. E. Pilgrim, Jattm. .I.v. Sue. Ueng 
N.S. Vol XV, p. Si, (lOlfl). The river tiamuna was at 
Hrst an atlluent of tin* Indns as it took a westerly 
iMinrse ami crosscsl the Bikaner dissert to the south- 
east by a now m‘glected channel that is well known 
in Hii.du traditions under the naim* of the 8araswati 
river. Later on a tributary of tho (binges captured 
this stream and drained it eastward. Tn the east, 
another tributary of the Ganges beheaded the Bnih- 
iiiaputra (which is really a Tibetan river that had 
broken through the. Himalayas) and made it flow 
.south into tho Ihiy of Bengal. 

The Punjab portion of tin; present Jheliim, Chc- 
nab, Ravi, Boas, and 8nth»j has originated after the 
ii])lift of the Upper Siwaliks and snbse(|nent to the 
severance of the Indus from the Ganges, The 
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nioiiiiUiii-lHiilding inovcMiionts to tin* north could 
not but have rc^jiivciiaU'd the small siaithcni rivulets 
of th« Punjab which cMiipticd inti* the old river du- 
riniy: Kiwalik iiiiH's. Hie vi^oi-ons h('a(U(U‘osioii 
rcsultintr from this impetus enabled them to eapture, 
one after the other, that portion of the Indobrahm 
which crossed N. W. Punjab on its way to the 
Indus, intimately tlicir head-waters joiniiifr up 
with the youtliful torn*nts deseemlin^ from the 
Tnoiinhiiiis, these rivers jrrew iimeli in volume and 
formed these live important rivias of the provinee. 


Abbot’s Solar Mcatcr 

1.)k C. G. Abbot, Secretary of th(‘ Smithsonian 
Institution, having a lifetime' of e\peri<‘n<‘e in iia'a - 
siiriii); tin* sun’s radiation and the ilnw of la at, has 
niadit various expi'rinients in the last twenty years 
as a contribution to tin* a^e-loii<{ problem of iisin*^ 
solar heating; for power, <*ookin^, and oth<>r purposes 
Ills studies hav(; (*ulminate<l in an enieicnt inaehine 
<lenionstrat<>d at St T^oiiis, Deei'inber .‘»0, ItKio, 
which was also demonstrated at the Worhl Power 
( ‘on fere nee, lu*ld at Washiiij^toii in September Hint). 

The energy of the sun's rays whi<*h would fall 
at sea-level on a cloudless day on a sipiare yard of 
surface at rifjtht any:les to the rays, turned comple- 
tely into ineehanieal work, would slijrhlly exceed 
one hors(»power Ihit many losses oeeiir. Of these, 
the jjreatcst single on** results from (’arnot’s th<*ory 
of the perfect hi*at engine. It is shown that the 
KHMiter the raiij^e of temperatures <'ni[»loyed, the 
greater the ellieiene.y. lienee the ell'ort has gene- 
rally been to reduce heat losses and eoneentrati? 
solar rays so as to raise a very high wiu’king ti'inpe- 
raturc in the solar engine. 

But this hitherto has inv(dv(*fl langc* and ei»stly 
heat-eollcetors and nssoeiati»d ai»i>aratus. Thougli 


having their source in the snows of the Gn»at JTiin- 
nlaya Kaiige and deriving their waters from as far 
east as tin* Manasarovar Lake on tin* Kailas range. 
The broad but desert (*d channel of the main river of 
Hiwalik times, after th(*s(> mutilating processes, has 
been oi'ciipic'd to-day by the puny, insignirieaiit stream 
of the Soan ^»f Rawalpindi ami Attoek districts), a 
river out of all harmony with its great basin and 
the (*normous system of deposits wdth which its bed 
is eneiimben'd.* 

*■ H.'i'ifcl on the author's Kxteiision Leciure tlelivered 
under the auspieea of the l'‘ucii>ty of Seienee, I^iickiiow 
Uiiivert»ity, on December 15, 


solar rays I'ost nothing and are availabh* to at least 
:i thousand tim(‘s onr total presc'ut eonsiimption of 
coal, oil. and hydroeh*etrie power for all mannfae- 
tnring, heating, and lighting re(|nirements, solar 
power has hitlu'rto bei'ii unable to eoin|»ete eettno- 
mieally with tlu'si* other sources. 

Dr .Abbot’s improvements lie first in the (‘heap, 
y»*t accurate and ellieii'ut ray-collector employc'd, 
and second in tin* highly cllicic'iit and lu'at-saving 
absorber for the collected rays. I le employs a ]mra- 
bolic cylindrical mirror of “Alcoa” sheet, a eonini(>r- 
cial product of th(‘ Aluiiiinum ('ompany of .America. 
This comes in larg(' si/.(‘s as a Hat thin sheet of very 
liglit speeilie gravity, relleeting over SO per cent of 
solar rays, and so |)crmanent in surfaei* that a year’s 
exp(»snre to (he weather makes no appreidablo 
d(‘t<‘riora(ioii. A simph* m(‘iallic fraim'work of 
aliuiiinium and duralumin makt's up a cradle of the 
exact parabolic curvature recpiired. He prefers the 
curve wiiose (Mfiiation is ?/“ -OOr. To this frame 
the “Alcoa” sheet may be screwed down without 
previous forming. Kxperini(*nt shows that a present 
unit mirror with a --foot wide she<*t abcuit 0 feet 
long will bring the sun-rays to a focal line no wider 
than a l(‘ad pencil. 
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At I ho focus (he niys puss tliroiiirh two coiiccii- 
tri<* (ii])cs nf “I\iv.\’* y;l;iss of 1-1/ I inch iiiul 7S 
inch (li:imctc‘rs |•cspcctivcly till they i-cjich a central 
l/ti inch “Pyrox” (iihc metal platcjl (ui the top third 
of its circumference, and williiu which Hows a black 
li(piid calh’d ""Aroclnr". 'riiis litpiid is a ciilorinated 
diphenyl coinpniind made by the Monsanto ( Mieini- 
cal (/o. of St Louis. With tin* addition <if a very 
little lampblack it almost totally absorbs (he focussed 
solar rays, and thou'^h still liquid when reduced t«» 
<irdinary temperatures, it do<‘s not 1)oil (»r Hash at 
Hot)® (lili'J® Pahr.l. A hiij;h vaiMinm is maintained 
bctwc<‘n tile tubes so (hat- lieat is lost only by radi- 
ation, as in a thermos b<»lth‘. 

A How of tin* liquid is m-iintaincd citln*!' by 
jjravity circulation (as for tin* water boiler of a 
doiiK'stic furnace) or l»y a pump. Thus (In* heat 
absorbed from sun-rays is carrietl away to (he 
apparatus for st(*am ptiwcr (such as a tubular btiilcrh 
for cooking (such as a reservoir with insci-tcd ovens), 
or f(»r evaporatiiiij; li<iiii<ls (sin*h as an open (*oil). 

Kxpi'riments and theory ajrns* in proiiiisinj^ an 
overall ellieiem’y of I") per ctMit for steam powm* 
prodin'tion. 'This eontemplates a boiler at ‘200® ( ^ 
so that its maximum tlieor<*tieal thermodynamic 
eHieieiiey is about 10 per cent. Losses by relh*etions, 
iiiellieieney of steam eiijiine, ete., briujj; the liiial fij^iin* 


Symposimii on nutrition 

Mrni intiM'csi was displayed in a sviiqiosium 
which was held at a ji»int niei'tin^ of the seeti(»ns of 
Medical and Veterinary Researi’h, Physiolojxy, Afrri- 
ciiltiin*, and (.'ln*mistry to discuss the subject, of 
^Nutrition in relation In crops, human b<*in^s and 
farm Iiv(^-stoek’ on tin* 1th flanuary at the Indian 
Se.iene(* (\me;ress Session at Hyderabad, (^)l. A. 
Olver presided ainl Sir Akbar llydari was present. 
Dr W. R. Aykroyd, spcMkine; from the stainl-pf>int of 


to 15 per ecMit. This is a very snbskintial improve- 
ment on pn*vious sun-motors. Ai'kerinanii, in 
“Utilization of Solar Luery;y’' (SinffhsnuiftN Ainttnil 
h*rpt)r/, 1015), claims IS.'l scpiare f(*et per brake 
horsepower as (In* bi*st, output of (In* s«)lar power 
station of “h/istern Sun Power Ijtd.’* near (?airo, 
KiX.vpty ill 1H1H. It is eomput<*d that with eiiual snn- 
int(*nsity the Abbot maehiin* will require but HO 
square fet*! per horsepower. Aekf*rniann ^o(*s on 
to c'laim pi‘a<*tieal equality in e(*ononiy with coal at 
ill IDs p(*r ton. If so, the present machine could 
compcli* with coal at tl os per ton, if (In* r<*latlvc 
cost of the maeliines an* equal. Rut hen* a^ain 
there is a marke^l savin<; in tin* .!;r(*ater simplicity 
of present const riicl ion. 

.\ half-hors(*pow(‘r steam-raisiny: iiioih*! is in 
const ruction. W’hethcr a substantial prop(»rti(m of 
the win’ItTs power d(*niands will be* tak(*n on by 
sun powi'i* within a f(*w yt'ai's is doubtful, but it is 
believ(‘il that if it were ri‘cpiir(‘d, the power rn‘hl 
mi«rhl b(* tilled by sim-power at little, if any, advance 
in cost with pi*esent appliances. 'Fliis would, of 
course, require «‘o-operalinj»: st<n*a;;(* of power, '^rin* 
most obviou.s, though V(*ry costly, method is throim:h 
the storage* battery. Another is by pumpiiiej water 
to a r(‘serv4»ir on an adjae(*ut hill or moniitaiii. A 
(hini is by 4*ln*mieal synthesis of active* a^4*nts, as by 
the (h*e4»mpositiim wat<*r. A fourth has ln*(*n siijr- 
}i<*st4*d in which ln*al its4*lf is economically stjircd. 


Ininian nii(riti«)n, said that th(*re was ample evid**n<*e 
for malnutrition, both rpialitative and (inantitative, 
in India. A lar^jc* number of people, from observa- 
tions in South India, app<*ar to siiHer from semi- 
starvation. Tlufre is a defi<*iency in calories, in 
protein as w(‘ll as in vitamins and minerals, and 
certain (h*liciency diseas4*s were ccminion. The 
solution would lii; in the direction of increasing the 
food-prodiietion, provision of nnmilled or lightly 
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milled riec, animal food-prodnets, like milk, ojrjjs. and 
fish, .stimulating the prodiietion and eun.siim[)tion of 
pidscs, green vegital)le.s, and fruits, jiiid of red palm 
oil. 

Hao Haiiadiir B. Viswanath, siieaking fmm the 
agrieiiltiiral side, stres.sed ihe (|ur‘stioii of the prodiie- 
lion of iii«)n* food, as the i)resent food-prodiietion in 
India meets the demand of only two-thinls of the 
population, als(» emphasized the eiVeet of .sun- 

light, partieiilarly on ealeinm assimilation, and dis- 
missed the elVeets of iiitrogeiions and phosphate 
inannring on the food-valnc's of the erop.s. 

Major S. 1j. Bhatia ilrew attenti<m to the stan- 
dards .set by the Health Organization of the* League 
of Nation.s ami the ilMiealth caused by iiiadetinate 
and faulty nutrition among im'gnaiit and nursing 
\vomen. Ibi al.so wished that the el1e«‘ts of the 
tropical elimale on intervals b<‘tween nn'als and of 
V(‘getarianism on pliysiejne ami f«»od-ret|nirements 
weTe studied. He pleaded for generous support e»f 
sneh work by governimaits, mniiieipaiiti(‘S, and 
private imlividnals. 

I’he anim.al hn.sbaiidry aspect of tin* tinestioii 
was disen.sseui by Dr K. Sen, who str<*sseel the 
dillienlty of raising both food-m’ops and fochh*!* from 
the .small amount of lami per heael in this eoniitry. 
He* stateil that, although indigenous e*ows yiehl 
relatively small epiantities of milk, e-xperinn'iits had 
shown that they have a latent milking ea]>.ieity of a 
high order, whii'h may be brought out under proper 
feeding conditions, h'lirtln*!* work should be carried 
ont, he .said, on the maintenaiiee, resi.staiiee to infec- 
tiiin, and productivity of cattle. 

Dr MVight of the Hannah Dairy Research 
Institute of Knghind .saitl that the main (ine.sfion of 
nutrition in India lay in the provision of larger 
qiiantitie.s of better milk. That .secnieil to be the 
crux of the problem and he hoped that the dairy 
imlnstry in this country would be given mnch greater 
attention than hitherto. 

The biological values of the pn)teins of rice and 
pnl.scs were di.scnss(?d by Dr K. P. Basil and he 


pointed ont the snptilemeiitary relation between 
milk proteins and cereal proteins and tin* value of 
soya bean as a supplement to milk. Mr Wad dis- 
cn.s.sed the ellect of green manuring on the nutritive 
value of wheat. 

Prof. B. ('\ (5nha .said that investigations carried 
out at the Indian Institute for .Medical Re.search, 
Calcutta, and at the Tnivi-rsity of Calcutta, on the 
diets of students* hostels and of middh'-class families 
in Calcutta revealed a ddiciency in protein of 
high biological value, of (‘:ih‘inm and of vitamins .-\- 
aml B-complex. .Ml these delicieiicies could be 
corrected by the provision of more milk. He also 
referred to tin* r«*c(‘nt rescarch«-s showing the 
pre.sence of large (inantities of vil.ainin (.^ in .some 
cimnnon Indian fruits like tin* guava, (he mango, and 
(he lichi. Prof. (Julia stressed the need of more 
ellective co-ordination between tin* work on hnnian 
nnlrition, on animal nntritimi, and on agriculture in 
diHer(*nt parts of tlie conniry, and ri'ferred to the 
formation of the Imli.’in Nutrition (jmnnitteo nmler 
the ansph'cs of the Science Congress last yi'ar, with 
these objects. Prof. V. Snbrahmaniaii and Dr 
Mehta also joined the discussion. 

Sir Akbar Hydari in a vcit notabl(‘ speech ex- 
pre.ssed appi’eciation of the valnabh* work that is 
being carried on in (his <*onntry on thcsi* lines. He. 
said tliat, as an administrator, he considi*n*d sm'h 
problems to be the basic problems ol Indian ail- 
ministration. ^rimre is a hack ol balance in adminis- 
tration itself, he remarked. Tin* whole policy of 
administrators should be orientated in I Ik* direction 
indicated in the .symposium. '^I'his is a ba.'^ic problem 
to which public funds should be ciaitribiited in the 
largest mea.sure. 

Col. A. Olver, in winding up the discussion, 
again stressed (he paramount importance of the 
provision of pure milk. I Ic ailvocatcd a .sy.stem of 
balanced erop.s, in which food-crops and lodder 
.should be given proper importam*e. Dairying, he 
remarked, has been very mnch negha-ted in this 
country, which should be gn*atly stimnlateil, and he 
also pleaded for greater attention to poultry for the 
provision of the protective foods. 


389 


Vol. IT No. 8 
FEBRUARY 1987 



Siiryci-Siddliantci 


TniHslaiiuH of the Siinjn-Sittflhfnitn hy Ucr. K. 
lUnycss. Iicprinfctf front the rtliitott of ISfifK 
PMiiai hy l^/totthtdntfol (ittttyoftly, iril/t tut ittfrofhtr- 
Uttti hy /' (\ Satyttpht. Pp. h i 11 \ tanje 

map, (.afratta rttirersily, 

Stiulciits «»f nstrniKiiny and of anoiont 

Indian cnlliin* will fori n;r;ifcfid to tlu* Caloiitt4i 
I'nivorsity for l>rin}j;in^ out this roprint of Jiiirjjoss’s 
translation of lli(‘ Sttryft-Sithilttttthf. This Sith 
tlhattfa is tin* liasis of all alnianars oalrnlat(‘d to-day 
in the orthodox styh*. and, as Ih'of. StMijj^iipta piHs it, 
nostiidont of Hindu astronomy would ho dooinod W(‘il 
(‘((uippod lor roscaivh williont (horoimhly inastorinj^ 
it. In addition to th(‘ translation, Ihir^oss’s book 
j;ivos a oloar and «‘oiii|d(‘to oxposition of tho various 
ruh’s, lojjjrtla'r with illiistrativo* oxamplos. Jiurj^oss 
spout lil’toj-n years in India, and had tho o<»'()[M*ration 
of various Indian ^audits well v<*rsod in Hindu 
astronomy, and of tin* Professor of Matluanatios in 
the Sanskrit Polloo^c at Po»ma. Tho work was edited 
hy Prof. Whitney, and was published originally in 
Vol. VI (»f iho Jitnn/al of the .\morioan Oriraital 
Sooioty. It is almost impossible to tibtaiii a eopy i»f 
it now. Ib- e tin- reprint under r<-vi<-w is very 
woleome. 

'rile utility of the work has been enhaneod by 
flu* able introdiirtioii written by Prof. Scnjriipta, 
which y^ives in about I.”! paj^i's a short history *if tiu* 
SaryaSvhfhattht, ;is far as it i^ possibh* to fra<*e it. 
I'he ilata bi'iiii: mrajrre, opinions are bound to difler, 
speeially as rey:anls tlu* <*xtenL to whieh Indians 
were indf‘bt(‘d to foreij^ners for their knowledj^e of 
astronomy. Prof. Sm^iipta eouu*s to the coiKjlii.sion 
that although si'icntifit* Hindu astronomy is dated 
much lat(‘r than the time of Ptoh'iny, barring the 
mere idea of an epieylie theory from outside, its 
constants and nu*tlu)ds are all original. 'I'liis seems 
to be substantially eorn*et. 

The internal evidem*t* of the text gives distinct 
support to the theory that it is ji eoinixisite growth, 


that it has been altenul from time to time, and that 
there was some foreign element in it. The intn>- 
diietory staiixas state that a great demon {matrn), 
named Maya, being d(‘siroiis to learn astronomy, 
pnietised the most diffi(*ult penance, the Avorship of 
tlie Sun, who was so gratilietl by these austerities 
that he deputed a person, who was a part of hims(‘lf, 
to impart to INIaya the secrets of the science. Some 
texts of tlu^ SHrya-SifhIhniila hav(? the following 
verse after this : 

aif ^ | 

“do, th(*ri‘foi-(', to ItoiMuksi-fily, tliiiu- own rcsi- 
deuce; then*, unch*rgoing incarnation as a barbarian, 
oAving to a curse* of Brahma, I will impart to tlu*c* 
this scieiu'c.” 

.\s all the manus(‘ripts do uot contain this vt*rs(*, 
it is rcgardf*d as an int(*r|)olat ion. But even then, 
there must have been sonu* tradition in the tinu* of 
the int(*ri»olater that much of tlu* matter of this 
Siddhanta was «d' Avestern origin. Kv(*n in the 
abseiu’C of this verse, we may suspect sonu* such 
thing, on act*ount of the scienci* l)eing reveah*d first 
to a mahftsttra inst« ad of to a mahart<hi. 

Two A’crses after this we have, “This is that very 
saint* original .s7e/.s7yv/ which the Sun of old pnmiiilgat- 
ed, iHily by r(*ast)n of the .\ges, there is here a dilVer- 
ence of tinu*.s'’ 

This give a clear indication that the Avork as avo 
have it at present is a revision t)f some older work. 
This coiijt*cture is amply confiniied by other evi- 
dences. In his Pauvha Sithlhaitliha^ Varahamihira 
gives a summary of the Stfrya^Sithli/attln, but his v<*r- 
sion ditlers from the present Sitrya-Shhihatfln in 
the fundamental constants, showing that it must 
ha\’e been nivised at least once after Varahamihira 
(.0.50 A. !>.). From internal evidence alone Burgess 
came to tlic conclusion that the superior limit to the. 
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of till* SHrya-SitiflJinHtft was liM) a. h. :iihI llio 
lower limit 1011 1 A. i>. Prof. SiMijrupta l)eru‘ws tliat 
the Sunjn-Shhlffafiht is :i fompositt* jrrnwtii 
from 400 A. P. U) about tin* middle «)f the 

eighth eeiiliiry: the lower limit might be even 
1091 A.i>. 

'Hie ai)|K*ai’:im*e on the title pag<* i»f the aii- 
noiinecanent ‘'Kdited by Phanindralal (iangooly« 
M.T., M.l.., raises hop<‘s whieh ar(‘ not fnltilled. 'riu^ 
(editor has eonttmtiMl himself nan’ely by eianpiiting 
one s(»lar ami om* hmar (‘eli|)se with (/) the chMmaits 
and tin; methotls of i\\o S/trt/ft-Sttffihmtfn and (//) with 
modern <4enieiit»s, but with tin; mr>thnds of tiu' Sftrtfft- 
Sitf/ihntfftf. Ib* also gives tin* r(‘snlts of mnd(‘rn eal- 
enlations for the same eclipses. 'I'his giv<‘s an inter- 
esting eomparison. In tin* easr <d' tin* lunar e(‘lipse 
the methods of the Snriffi-SithUffn/ftt are snniei<*iitly 
aeeiirate, ditt‘er(‘in*es fnan truth of tin* results based 
on it being almost nil. In tin* ease of tin* solar eclipse, 
dillen'iiee is about o minutes. If, howev(*r, the 
eh*nn‘nls are <*ai<*idat(*<l in aeeordaiiee with tin* pre- 
cepts of the tin* error amounts to 

as much as an hour and a half in the tiiin* of the last 
contact in tin* lunar et'lipse. 'riiis is but natural, 
seeing that the Snnja^Sithlhnnia takes as its ‘{*poch* 
the I8th of K<*brnary, dlO*J H. r. 

Blit one expects much more of an editor. To the 
n*print «»f Burgess’s translation sinadd have ln*en 
added comparativi* notes at all iilaces where the 
translation has bc*(*n impn»ved n[)ou by later workers. 
This woiihl hav<* mad<* this work far mon* valuable. 
In the introduction by Prof. Sc>ngupta <aie iiun*- 
ciiracy in Burgess’s translation has been pointed out. 


but this is ilone sim|)ly l>i>c:nisr* the author happens 
to discuss that particular vers«*. 

'riioiigh clearly printed on good-(|iiality paper 
and m*atly bound, the book eannot be elapsed 
among really got-iip volumes by rea-sou of tin* very 
heavy impression used in tin* print iiig, and on ac- 
count of tin* »*rude diagiaiiis. The i-eviewer woiah*i’s 
why the beautiful original diagrams \ver«' not rejiro- 
diicetl by the plioto-iueehaiiieal process. As it. is, the 
diagrams havi* been copied by an inexpert hand, and 
most of the di.'igraiiis emitain actual eri'oi's. 'riiiis, in 
b, p. S!», instead of pi-odui'ing BP to meet tin* 
<*irch* in .r (as in the original). t^P has been pro- 
duced, and ./■ has been wi itleii so fai* away that oin* 
cannot guess what point it ileiiotes. Again, Fig. S, p. 
1 1)1, is wrongly oriented. S\ should have be(*n hori- 
zontal. hA’en a layman coiihl have seen this, b(‘c:inse 
the lettering is not upright in tin* iliagram as printed. 
In Fig IM. p. I ;VJ, the circle with eeut re O the 
< ir«*le of shadow, wln*reas il shonid tnurh it, :is in 
the original. In Fig o, p. 77. the letters () and o, 
are jirinted alike, as aUe (' ,'ind r. .Moreov(*r, r is 
shown as r, ami h as //'. In Fig, .‘I, p. 7'-, the dis- 
tinction b(*lween the line and heavy lin(*s of the 
original has been partly obliterated, and partly 
niisapplic*d. .Most of the other diagi*ams are similarly 
dc*fei*tive. Ibuvever, they do not spoil tin* utility 
of tin* book. 

The Fnivc‘rsity of ( 'alciitta. tin* I’Mitor, and the 
author of the introduction havi* doin* a signal s(*rvic(; 
to the cause i»f Indian rjstmnomy and they di*s»*rv«* 
our thanks for making a«*ces.sible to us a rare and 
useful book. 
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PKRirAI’S it is lint (‘niiiinnniy knnwii in Tiuliu 
that plants arr as liahh* In tlisraso as liiinian btan^s 
and othor animals. prnbalih* roasnii fortius 

ii^iioraiicn is that fho plants air mMinrally iiiotion- 
l(^ss and tin* dis(>as(‘d (*nndition, not bnin^ 
always imimMliatnly fatal, nftcii r(‘niains iinnnticrd. 
It is also tn sniiK* oxb-iit dm* tn lank nf considnraldn 
cll'ort to dissiMuiiiatn knnwl<*d‘jfn abnnl plaiit-disnasns. 
Plants air nf the' i^iralnst nmnninic' valiin to ns, for 
lifn nit imatnlv dnpnn<ls on tliniii. Any factor, their 
fon*, which b'lids to redm*!* the yi<*hl from the plants 
slmiild irccivi* niir careful attention, ft has been 
said that in the cost nf (‘very half-a-dozen shirts that 
a man buys is included the price nf the seventh 
lost due to the diseas<*s in the cotton Helds. Masse 
estimated in ItIPJ that the animal loss tn the world 
dm* to only one of the ajj:em*i<*s enumerated below 
(Kiiiij^i) e\e(‘(Mi(‘<l lot) million pounds and ailded 
that probably double the lijriiir would be nearer the 
truth. Fiidia contributes a very IukIi ])ercenbige 
this appallin;; waste. It has been estimated on a 
conservative basis that the annual loss to the coun- 
try due to a [larticniar dis«*ase (rust) of wheat is 
more than I emn-s of rn|)ees. liiitler once computed 
that tin* smut disease of Jowar, in whi<*h the grains 
become lillisl with a black dust, annually costs the 
llombay Pn*sidenev over lo million rupees and 
remarked that ‘‘practically the whole of this is pir- 
ventabh*”. Onr poor country (*an ill aflord to 
nej^leet such losses for lonjif and we should utilize 
our kowled^i* and resources for the prevention of 
at least the more important of the ])reventable 
plant diseases. 

Symptoms 

Diseasi* in pl.-ints may be eonsidered a.s 
deviation Ironi their normal structure, function, 


and produce. The following are some of the 
.symptoms which can be (‘omnionly recojjnized : ' I ) 

wilting the whole plant withers though water 
may b<* abundant in tin* .soil. When .scedlinjrs are 
atta(‘ked there is a sudden colhipsi* and the 
disease is known as “danipinj; otV”. (*J) Leaf 
.spots -which may vary in colour and size ; {'.)) 
shot-hole the Ieav(‘s become perforated as if they 
have been shot throntrh; ( Pdiseohairat ion — the eiitin* 
plant or parts of it may become pale and yellow 
instead of r(*tainin^ the brij^ht j^reeii colour ; fo) 
curlinj>: and mottlin^^ of lcavc‘S ; (t>) }j:radn:il dryiii'j 
and death of the parts often a<*(‘om|>ani(*d by drop- 
pinjr of fruits ; 1 7) dwarliim: ; (S) hyp<‘rlrophy or 
exec*.ssive tjrowlh of the parts often resiiltinj; in jjall.s, 
tumour.s, deformed fruits and brain*hes, witches’ 
brooms and alteration in syninn'try ; (!l) wounds on 
woody stem called “canker.s” or on the surface of 
fruits known as ‘.scabs*; (10) exmlation of iii|uid; and 
(11) rotting which may be either dry or wet. .V 
particular di.sease may produce* only one or many of 
these symptom.s. i.)ften, however, a direct diaj^nosis 
of the casual a^ent by .symptoms alom* cannot lx* 
made as the .same .symptoms may lx* due to .scvi'i'al 
causes. It is .so easy to cut the disf*ascd part and tt» 
study the parasite r(*six»n.sibh* for the dis(‘a.sc^ 
without causin']; the plant to die, that syniptomolojry 
ha.s not been carried to the .same perfection a.s has 
been done* with aidmals and men when* such a 
pnicediire is oftmi impo.ssible. 

Agents 

Leaving; aside the ancients’ belief that 
they are eaiised by supiu'iiatural powers like tlu* 
wrath of the ({ods or the innucnce of the stars, jilant 
di.sea.ses are known to be due to the following chief 
agents ; — (n) Para.sitie plants — whi(.*h may be miniito 
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and onc‘ii iiiicrnsropir lik(> the fiiii^i, and 

bac’toria or lloworin^ plants siirli as tli(‘ golden 
crwpcr (doddcT, swarna-lata), brooni-rapc.N ('Pokra) 

; (/>) parasitio animals likt* tim iiiscfts and 
worms ; (c) infVctiniis principle <*allfd “vinis” 

in which no organism has yet been demons- 
trated ; and (d) “physiolojrical” diseases due t«» 
delicieiicy in nutrition and other causes. I>y far 
the most serious and well-known plant diseases 
are due to other plants known as “Kinijri'*. 
ft is diilieult for the layman to strict eh his idea of 
the ordinary plants to members of this ^mup but 
nevertheless they are plants. These an* mimitt>, 
often inieroscfipie organisms, tin* familiar (*K‘iiiiples 
beiiitr the mushrooms or toadstools and tin* white or 
coloured moulds that appear in the rainy sea.son <in 
deeayinjj fruits, jellies, woofl, and even on leather. 
The funjri eonnnoidy r(‘prodin‘(* by minute bodies 
ealleil ‘spores* which fiinetion like the s(*eds. 

Control Measures 

To sue<M*ssfully prevent the <lis(‘ase it is ab-Mi- 
liitely necessary t<» know exa<*tly ln»w the, parasit<* 
lives and when it re[}roduees so that tin* metln»ds 
of <‘ontrol may be a|)plied to the mo.st vuln<*rable 
point in its life-history* 'I'he ui(*asures of eoiitn*! 
Seiierally a<loi)ted may be either din ‘tor indirect. 
Tin* din'ct or therapeutic, measures are : (I) 

Sjjrayinjj; «if (‘In'inieals or <lustin^ with sulphur m* 
lead ai’senate pow(h*rs. One of the eonimone.st 
sprays used is “lkn*deau.\” mixture, a 1 solution 
(d‘ which contains copper sulphate (bhn*st.oin*)-r) lbs 
and (inieklime-ri lbs in oO gallons of wat<*r. This 
method, which is used where tin; parasite lives on 
tin* surface of the ])lant or (romes out for repro- 
duction, is of limited applieatiem in India, because 
it r<*(piires care in pr<‘paration, is to be* doin* at 
the ri^ht moment when the parasite is about to 
reprodiieo, is to be applied t4» the ri^ht parts and is 
to be repeated if sudden rain washr*s it away — ainl 
the.se are hardly to b<* exi)eete<l from the iniedii- 
eated masses. (2) Disinfection of soil by steam, elec- 
tricity r>r <*hemieal.s. This is too eo.stly and eom- 
plieated to be used in this country at present. (.‘I) 
DiMinfeetioii of seed and other pn>pa;i[atin^ .stock by 


eheinieals such as formalin or copper sulphat<* or by 
pr<»per heat. .\nd ( I) disinfection and pn»teetion <»f 
wounds by smearing with coal-tar or t»lher .•'iibstaii- 
ees. Most of the direct measures bein>r unsuitabh* 
for India, indirect or prophylactic mea.''Ures an? 
often I’csortetl to. d'ln*se ari* : (.”») mixed crop 

most of the parasiti's cannot ^row on more 
than one kind of <‘i'op. 'i'he chances of iid'eetion 
from a diseased plant, then'fon*, is niinimi/.ed if 
similar plants are separati'il from each other by 
other crops which the ]»artieular parasite cannot 
inf(‘(*t. 'riiis is (piite an (‘asy method and is widely 
praetis(*d in India, (ti) Hotatioii of erop^> in the 
abseiK'e of the jiartieular crop, the parasitt*, which 
may live in tin* soil from the ei-op of the previous 
year and which cannot t>row on tin* crop of tin* 
present year, is starveil to death. (Jeiierally a three 
y(*ars* rot'.ition is praetis(*d. (7) Kemoval and burniiii' 
of dead and dis<*ased parts or individuals to destri>y 
the souri*t* f»f inf(‘etion. (s) I ’m* of diseasf*-free :ind 
ln*althy seeds, euttinjxs, etc., which may be obtained 
from w«*ll-eared-for s<*ed ph»ts ami nurseries. (‘.)) 
Karly or late crops are sonietiiin*.s useful as the 
parasiti* is often not very active except during 
a <*<*rtain period of the season. (itl) l{enioval 
of other hosts on which tin* parasites may eoiiti- 
inic to livi* wln?ii tin* normal host is not prc'sent. 
(ID Avoidenei* of injury. (12) Proper storaj^c* condi- 
tions —fruits, pi>talo(‘s, eti*., slnmld be ston'd in a 
ilry, cool, wi*ll-vcntilated phn*»* and only in om* 
layer not toiichin^ each ijlhei*. (i:») Propei* soil 
conditions a heavy or water-loy:ii:e<l soil nr its hiii;h 
acidity or alkalinity ish.irmfiil. (II) Proper manurin;i:, 
excess of nitro^rcii and lime is injurious, h'resh farm- 
yard manure may <‘ontain reprodnetivi* Inxlies of 
soiin* panisit(*s which pass uninjured through the 
.stomach of the cattle. (!.')) Planting of resistant 
varic*ties -tin* drawbacks of this method an* the 
ditlienlty in lln*ir production, tin* loss «»f their resis- 
tance afti*!' a time and the snsce|>tibility of many 
unaeelimati/i*(l imported resistant plants, (iti) IJ.se 
of harmless antagonistic organisms the |)arasite 
which (lamajics the <*rop is deliberately inf(*eted 
by an or<ranism which harms the parasite but 
not the crop. Ii«H*usts in Africa are saitl to be d(*li- 
berately infected and killed by a fimj^us which, how- 
i*ver, when ffi veil atrial in India, failed to injure them. 
(17) Lejrislative control -certain disea.sc>s are iin- 
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iiitcMitioimlly iiitrcidiicocl mIoiijt with pliiiits miuI tliOM* 
nrc> oftoii most vinilmit. Imported plants slionld 
be subjected to (piarantinc laws. The Destructive 
Insects and Pests Act (UM 0 rcirnlates tin* import 
of seeds and plants into Tiritish India, and in 
the Pombay ports, thesi* are I'limiirated with hy- 
droeyaiiie a<*id ^as. This measure is j;o<mI for 
insec'ts, but unfortunately rart^ly atVeets tin* 
fun^i. 

India is a vast eonntry and there are few areas 
which b<*ar such a vari(*ty of crops or wlas’e 
these an* jrrown under j^reati*!* vari<'ly of <*ondi- 
tions. It is natural, therefore, that the numbc*r of 
<liseas(*s buind here is very larjre and many of these 
have not y(‘t been thorou;;hly stiiditsl. Mon‘over, 
th<*re are many in<Iiy;enous diM‘ases for whieh 
knowledj^e gained from outside is not available. 

Obviously it will be impossible in the <*oini»ass 
of this article to mention all or ev<*n most oi tin* 
well-known diseases and so only a few of tin* 
more important and intorestinjr ones will ho. 
<les<*ribe<l tojifether with tin* means to prevent 
them. 

Diseases of the Vegetables 

In the serious blij^ht <lisease of potato there is at 
first a white haze on the leav<'S. Tin* diseasetl 
areas (>nlar^e rapidly and beeoim* darker in colour 
till the whole plant is blackened and killed, after 
whieh the iinder^roiind potatoes are rotted ami 
a eharaeteristi<‘ foul smell is {riven ofl*. The sprea<l 
of th(‘ dis(*:isi* is so rapid and the d<‘struetion so 
e<»m]>lete that it was responsibh* for the* {rreat 
Irish famim* of iSlo when by almost eomplete'ly 
destroyin{r tin? staple food e»f more than 1 millhm 
peo|>le, it reilne(*<l the popidatioii by one fourth. 
'rhou{rh known in Kiirope* for a lonjr time the 
disease dhl not r(*a<*h India till JSTd-SO W'hen 
from the imported p(»tato(*s it first appf'ansl in the 
Niljriris. In iSSli it broke out in 1)arjeeliii{r tine 
to introduced Kn{rlish varieti(‘s and spreael rapidly 
throu{rhout the llimalay:is. In the Khasi Hills, 
Assam, the cultivators f<*lt sf» hi'lpless ;is to {rive* 
up Krowinjr potatoe*s. Tin* i)arasit<* (rhf/fnpitthurn 


ittfesiuHs) lives in the soil on dead infected parts 
that are left there, so these shoidd be removed 
and nttafion of crop practised. Spraying with 
Bonh'aiix mi.xtiire gives wonderful results. In the 
Kh.'isi Hills in it was estimated that profit 

over tin* cost of spraying (Rs 12-111 per acre) 
was over Its oO in an acre. Fortunately the para- 
site is killeil by a temperature of HO® K and so 
<*aninit survive tin* summer ln‘at of the plains 
where* it is unknown. .\ severe ei)ideini<*, huwev(T, 
was reported from Itaiigpur and Hhagalpiir in IHKI 
and on einpiiry w.is found to be due to diseased 
potatoes import(*d from tln^ hills in winter for 
se(*d. The saiin* mistaki* was done in 11124 and 
eonsiderabh* damagt* was dmn* to the crop in 
Patna and Dinapore. 

A sudden wilting of pofafoes is caused by 
baet<*ria (Itfirilhis SnhntttrrnrHtu) and is known 
as the ring iliseasj*, bt'causc tin* potatoes show a 
brown ring if (‘lit ihrongh, and ulfimat(‘iy tin* 
whole of it is rotten. '^Fln* dis(>ase recurs through 
the use «»f iiifeet<*d tubers or by raising tin* crop 
(Ml inf(*(‘t(*d soil, (in^at loss is caus(>d anniially 
by the rot of potatiM>s in stiuMgc*. In F. P. it is 
alnnit ot) lakhs of maiinds y(*arly and in Shillong 
2t) dani:ig(* was nofie(‘d after only two and a 
half months* stonige. It is due to two fungi 
(h^nsnrhnn and /'hi.nrfotfift) and a bact(‘rium. .A 
dark brown insect (moth) is also r(*sp(Misibh*, for 
inin*h dainagi* in the beginning of the rainy s(*ason 
and in win’st eas(‘s the loss may reach up to 100 
'Fo prevent this waste, napfhah*n(* or fumigation 
with petrol may In* us(‘d, but the b(*sfc way 
is to store the potato(‘s in a cool, W(*II-ventilat(*d 
place in one layer, not tonehing (*jieh other, and 
th(‘n to cover them with thoroughly dry sand. 'Flu* 
potato inosaii*, a virus disease, causes a loss in 
I . P. up to of the crop. Tlu^ leaves show 

patches of y(‘IIow colour and it is best to remove 
:ind burn the inf(‘et(*d plants. 

It is a eiMimuMi sight to s(*(‘ large, luunbei's of 
withered and di*ad brinjal (B<*giin) iilants in the 
Ih'lds, Avhich aft(*r death are invadcMi by white* 
ants. Their (h*ath is due to a borer cat(*rpillar 
whi(‘h comes out fnmi tin; de:id plants to inf(*(*t 
the h(*althy imics. The withering plants should 
therefore In* uprooted and burnt without delay. 
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Tlic ronMiionost friiit-rnt of this phuil is due in 
a which Mppcars ns l)hick dnts. 1'hc pliK'k- 

iiij; niul bnniinjr nf (liso;is<Ml IViiits snl isl’actni-ily 
c-hcfk tho spread nf the disease. The toiiialo 
plants arc* aileeted by the* same blight, and bac- 
terial wilt as pfitatii and tin* IViiit-rnt oi' brinjal 
and tlie treatments are similar. 

The bli^^ht {rinjtnphthom) of ka<hii is very 
common and often serious. In August l!i;>l at 


Allahabad a whole ero]i was literally wiped out 
by it. 'riiere an* at lirst small, dark, romidlsli 
spe<*ks on the leaves which enlarjjje rapidly into 
roundish ])atehes in which rin;;s can be seen. The 
e«>rms (kaehii) may be entin*ly lacking or if formed 
are small and shrnnken. Selection of sound kaehii 
Ibr planting, burning of ilisi^ased leav<‘s, rotation of 
i‘rop. and sprayintr with hordeaiix mixture an* the 
control measnr(‘s. 'I'ln* ciicnrbits are attatrki'd by 
whiti* pow(h‘ry mildews which can b<* check(*d 
with sulphur dnstin*^. 

(7b hf 



Rnii M.-ilwnlur T. S. Vt-iikalraiiinti, iho ('.iMic*- 
lal at tlic last .sr.ssioii f*f tlio IinHaii 

Si ii iicc Cini^n-ss, at Il^cit•rab^^lMn Jami 

aiv I ‘•■>7. 
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New short-Wave Transmitters for India 

(jovrriiiiK'iit of Iiwiia has latc'ly dreided to 
provide CalriiUa, Dtdlii, Moiidiay atid Madras with 
teii-kilowaf I short-wave transmitters instead of five- 
kilowatt ones as prt'viously decided. This increase 
in power has been possible on aeeoiint of the tenders 
received Ix'in^ miic’h below the previous estimates. 
'File broadcasting aiitliorities now reeoffnizc that 
in India where atmospheric disturbanees are mt»rc 
severe than in Kiirope, short waves would be more 
eft’eetive ami useful than medium waves. For local 
broadcast, however, medium waves are essential and 
the city of Madras which, unlike Calcutta, Deliii, and 
Hoiid)ay, is not already fitted with a iiu'dium wave, 
transmitter will therefore have a 2()0-watt medium- 
wave transmitter, 'i’his will be installed on moilerii 
lines. The aerial system will be a single inasL and 
thus provide a hij;;hly efiieient. radiator. 'I'lie cost of 
such a Tiiasl aerial will be considerably lower than 
that Ilf the usual system of 'I'-aerial supported by two 
mast s. novel fi-alure in I he design of the new trans- 
millers, both short and medium wave, will be the use 
of elass ‘‘IT’ am])lifiers which will f^reatly I'i'onomizer 
power consiimpl ion. The valves in all the trans- 
mitters will be of the latest type ami will all be air- 
cooled. No water cooling system beiiif^ necessary this 
will considerably simplify operation. It is e.xpeeted 
that the first t ransmittirijj; ef{uipim’iit will reai'h India 
next .Vii^iist and will be in operation a couple of 
months later. 

New Electrical Lamps 

.\iiioni>;st the various inti’restin^ exliibits at the 
opening mectin*? of the llliiminatinjr Society lield in 
Fondon on October i;i. a new type of mercury vapour 
discharfre lamji was sliowii. ^’his lamp is similar to 
the frosted type of electric lamp, but it contains no 
filament. A small mercury vapour discharj^e lamp 
aUiut an inch and a half in Icnjifth is enclo.sed inside. 
The ultraviolel lijjhl. from this mercury lamp illumi- 
nates a flourescenl material which is coated on the 
inside wall of the j^lass bulb. Tiic eolour-eorrcc^ted 


light from this fluorescent material was found to be 
very satisfactory. The light emitted by these laTnp.s 
is nlMiiil 10 lumens per watt and is over three times 
tlmt emitted by tlie ordinary coiled coil lamps. 

SO and 125 watt lamps of this type arc available 
and their life is stated to be 1500 liours. It is expected 
that this type of lamps will be .soon available for use 
and will considerably reduce the house lighting bills. 

Another advance in the ordinary filament lamps 
is due to the use of krypti>n gas which is a ])oorer 
heat eoiidiietor when compared to the nitrogen-argon 
mixture now used in the gas- filled ineandeseent lamps. 
A krypton- filled lamp of 1500 lumens requires only 
1)1 waits as against 100 watts in the ease of iiitrogen- 
argnii lamps. The size of the krypton lamp is also 
.smaller and though it costs 50 ]>er cent more, the 
overall cost over Ihe wliole life of the hull) is a lit lie 
smaller than the nitrogen -argon hiilh. 

The Essence of Galileo's Philosophy 

Cialileo is justly regarded as Ihe lirirhingr-r of llie 
new age in seienee. In a leeliire jlelivercd under 
the auspices of the (ialileo Lodge of the Sons of Italy 
in America at ffriffith Observatory, Los Angelos, on 
Feb. 20, lOt'Jfi, Dr F. II. Si’ars ({notes the following 
to .show his attitude towards seienee: 

*'Tt is not in aneieiit tomes, lint in close observa- 
tion and personal consecration that a grain of truth 
may be found. It is so very easy to seek the .signifi- 
eanee of things in tlic paper of this or tlial man 
rather than in the w'orks of nature which, ever alive 
and active, arc eon.stantly before our eyes.” 

“There in a sentence is the gist of Oalileo's great 
contribution”, says Dr F. H. S(‘ar.s, commenting on 
this. “Tlial to provide the sound principles appro- 
priate, to natural .science wdiieli were ])re- supposed by 
Arbstotle’s teaching, wc must turn to nature and by 
observation and experiment learn her laws. That the 
matter now .seems so obvioii.s is a part of (lalileo’s 
service.” 
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NOTES & NEWS 

Calcutta University Scheme 

Tht‘ most importanl ])rol)lrni that a l.-iiivrrsily in 
India has to face* to-day is the question of uneiiqdoy' 
iiieiit so rainjiHiit ainonf^sL its ahitiiiii, and steps are 
boinfj; sufr^esled and eonsittered in all proviiiees that 
will lead to tlie eilnealed inhldle-elass youtlis heiiif^ 
employed as hesl as they eaii be. While an Uiieiii- 
ployment Hoard lias been ree<‘nlly funned by the 
Allahabad University with this end in view, the 
CaltMiUa University has liefore ils senate the eon- 
sideratioii of a seheme which will hrinp: about closer 
eo-operalioii belweeii Iho University and tin- husiiu'ss 
houses of the eit}', providing particularly for praetit-al 
training to seleetetl graduates and under-graduates in 
diil'eretil lines of trade, industry, and eomineree. so 
that they may not think of service as the tndy means 
of livelihood, hut be in a position to start tlw'ir own 
busiiif'ss or be assotn'alt'd with trades and husititss 
lioiises in a manner advantageous to hoili ]iarti(‘s. 
In a iiiemorandiiniy Mr S. P. Mot»kerj»‘e, Vite- 
Chaneellor, Ualeiitta Univirsily, has outlined the 
whole seheme. lie sii^tj^esls that while llie sileeled 
youths are workiiijir as apprentices, they slumld he 
paitl a small monthly allowance of Ks. :t() durin;;^ 
lh(‘ ])<‘riod of their t raining;; which may he a yt‘ar 
or nmre to enable them to meet their ])ersoiial ex 
penses. 'Hie allowams's may he paid (a) by tht‘ 
University, (h) by the business-houses aiul firms to 
which the students are atfaehed, (c) he ehar^injij fees 
from those youths wlio can afford, and (d) by public 
dtiiiations. f^’etun-s outside the usual «-lass- routiiu* 
on practical subjects are belni*; or;;;ani/.ed so that, the 
students may he enabled to obtain first hand know- 
ledge <if, anil inforination on, practical problems eon 
eernin^ their sidijt'els of study. INfr .Mt)ok«*rjee also 
speaks of the desirability of eslahlishin^ a eommitlee 
as the first sle]>, whose function will he as follows: 
To select appreiilices for practical trainin^i: in teelini 
cal and non-ti'chnical lines; to reconimend to firms 
names of suitable (‘aiididatrs for appointment^ when 
requested; to remain jyenerally in loueh with employers 
and to collect statistics and siqiply information; and 
to advise students preparin^^ for competitive examina- 
tions and if necessary to or^^anize their Iraininf?. 

The Ros,s Institute in India 

The Ross Institute in India was e.stablislied pri- 
marily to deal witi; the problem of malaria on ten 


estates in Rental and Assam. 11 was anial^anialed 
with the r.ondon School of Hvfijiene and Tropical 
Medicine in The Institute now maintains a 

staff in India to advise on health problems on the spot 
and provides the fiiinls neees.sary to enable m<*dieal 
officers in iiuhislry to maintain field laboratories; 
finances training; centres for Indian malaria surveyors 
and laboratory a.ssislants; assists directors of com- 
])anie.s ill the stdection of medical tdfieers for overseas; 
provides a malaria-eontrol course for laymen each 
year; provides a centre in l.iindon where medical 
officers on leave may have laboratory facilities and 
mt‘el and discuss tlu*ir probh iiis with the, various de- 
partments <d‘ the Selmot, and also a centre in Uondon 
wht‘re directors, superinlenihuls and mana^iTS can 
come at any linn* and iliseiiss the v.'irious health prob- 
lems and any mailers eonueeled with sanitation on 
their ])ropcrties. 

'rile Institute has now to meet a w iile demand for 
assist aiiee and adviet* on all mailers coiineeted with 
health and sanitation, in atldilioii to malaria, by prac- 
tically I'very industry iii the eoimlry. It is therefore 
] imposed : 

(a) 'I'hal lilt* iiit*orporali«)n of the. Ros.s Iiislituli* 
ill the l.ontloii School of lIxT'ieiit* and 'rropieal .Merli- 
ciiie, which brings to tin* ser>it‘e of industry an im- 
mensely incrt‘aKt*d ba(*k,!*‘round of Ni‘i(*ntifi(‘ knowh‘d;{e, 
should be a(*knowletl;i:t‘d by the ])ooliiiu: of llitr Central 
anil India Hraneh fiiiiils. tin* Itoss liisliliiie (*oiiliiiuiii^ 
to ^iiaraiitet* to m.dntain staff in India; 

(h) that the staff available for ('oiisiiltanl service 
(Ml iiialiers of hyi;‘i(‘ii(* to industry in India should be 
increased to at. least two; lids will mean that there 
will always be at least one resitleiil in India; 

(r) that the service of the staff should be fri'cly 
availabh* to all industrieN. as well as lea, in India; and 

(d) thai .additional funds should be siihserihed by 
the \ari(Mis industries |>;ent*rally in the proportions in 
w'hii’h they are likely to require assistance, either 
directly by I lit' individual members, or through their 
Chambers td’ Conimeree. 

Mr. H. 1.. Stevens, Or;;'anizin^ .Seert*lary of the 
Iiistitiili*, who is now* in Calcutta, will (*onducL the 
preliminaries necessary for the proposed imiirovemeiit 
and extension of the Institute in India, especially the 
financial side of it, in which a rror^inization is urgent- 
ly called for, in view of the inadeqiia(\v of the mone- 
tary contributiun received from India .so far. 
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Dr Aykroyd on Nutrition 

III IIh’ foiirst* t)f ])is address uii “Pn»speels *»f 
fntproxed NiiiriliMii in India" tfi I lie CalenUa INiIary 
(’lull on I)«e. 1, Dr \V. R. Aykrnyd, l)ire<-lor 

of \iilrih'<iii Reseanli, Indian Keseareli Pnnd Asso- 
eiation, said that llie pnddeni of iinproviiiii: nutrition 
in India was lieiiiL;; approaelicd hy I lie iiivt'slij^alion 
of elieap, lialaneed diets williin I lie reaeli of «‘i e«m- 
sideralile pt-rt'eiita^t* <d' ))opidation, and in partieidar 
liy the stiuly tif how to siipph-inenl (dfeetively the 
average Indian dii t of poor (pialily in Hie eheapest 
possilde way. lie veeoiiinieiided skiinnit'd milk in 
plaet' of pure milk on the £>'roiinds of elieapness. 
Skiiiiiiied milk must, however, lu' siipphanential by 
sonii' food rieh in \itaiiiin to make ii|) the dt Heiiau'y 
of A vitamin in skimmed milk, especially in Ihe »*ase 
of infants. Referring to soya lieaiis iNionual to lu‘ 
"the food Ihe nation d(-mands". Dr Aykroyd warned 
that they were not of any out slandini>; laliie as a food 
for human lx iii^s nor that they had any particular 
advanta,u:e over tin.’ eomnion piilsis. It was shown by 
Pnif. Naj; and his eo-workers (d‘ the Rose Research 
riistilnle (S< ii'Nei-: & C’l i/n uK \’td. I, No. l.‘t, [>. 7S0) 
by e.vperimenis (hat what is <*alled habnli Chhola in 
Rental (bii^-si/ed jL*rani ) is richer both in \itamin and 
protein eonieiit than the soya bean. 

W'e entirely .a;»:ree with Dr. AykrttuI when he is 
reported to have said, in eonsidi'i’in^ the possibilities 
of pro^Ti ss. “It is essential to remember how ^-losely 
the diet of a people is dependent on eeoiiomie and 
s«>eial eoihiitions. It is obvious that a well balanced 
and varied ilii I must cost more lhan a monoloiions and 
defective diet. Jiierease the per rapita income by a 
few rupees, and inproAenieiil in nnirition will bdlow. 
INoirly <;oes with ignorance, and ignorance is also 
a potent cause of malnutrition, 'riie eon(|nesl of illi 
leraey and Ihe spn-ad of ediiealion will tend lo further 
Ihe adoption of sensible dietary liabils." 

.Vn impnoemeiil in eeonomie conditions of the 
]»eoph‘ and spread and fiirlheranee of eiluealioii anioii^ 

I hem are tasks to be undertaken seriously by tin* 
(fovernnient oi Ihe eoimlry in eo-operation with emin- 
<’nt ediieal ionisi s, seitiitisls and slatesiiieii. It is for 
Ihe Cfovernment to lake active steps in the matter 
with as little delay as possible. 

In eoneliision Dr Aykroyd ho))ed that Ihe future 
would see a sli'aily and intensiiied attack on povertv 


and ignorance in India, and that elForts to improve 
niilrition would form an e.ssintial part of a f^eneral 
eampaij>;n idosi’ly intejj;rated with other .social activities. 
It was clear that the bi’llermeiil of nutrition was of 
^jreal iinporlanee as a factor in the raisinjjf of livings 
standards, for a malnourished people would not have 
the energy and initiative to improve their lot. .Much 
etudd be done throujj;h the public health services while 
more could be aeeomplished by edneation and well 
direel»*d |)ropa^’anda on the subject of diet. 

Tlio Nutritive Value of Skimmed Milk 

Some interest iini; experiments on Ihe elfeel of add 
in^ skimmed milk to Ihe diet of South Indian ehildreii 
are reported from Ihe Nutrition Research Laboratories, 
Coonoor. under Ihe Indian Research I'und Association. 
\ missitm boarding si'hool, containing 1*2*2 boys the 
majority of whom were between tbe a^es 11 ainl 15, 
was <‘hosen as the venue of an iiivestii^alion. 'I'he 
diet supplied in this hostel was fairly ty|>ieMl i>f tliets 
consumed in many ])arl.s (d‘ India. It was based on 
rice and millet and eonlaincil very small (pianlities of 
vep'tables and no milk. 

The Sc hool was di\ ided iido tw«i groups by random 
.selection. One yroup recalved the* ordinary hosted 
diet supplemeided by 1.0 o/. of New Zealand .'•kiinmed 
milk pcovder, ^iven daily in li(]uid form as S.O o/s. 
of reconstituted skimmed milk. 'I’lie jilher |u:roup ec»n- 
siimcal tiu’ hosted die. I alone with a little additional 
millet, so that lotal food intake (calories) was roughly 
similar in both groups. 

'The- skimmed milk was i»i\en for i 1- wee-ks. 'Idle 
boys were wc i«;hed and measurc-d at the be^iiinitii; and 
«Tid cd’ this jx riod. 'Idle* avera;»<' inens-ise in wei.!*:hl 
in Ihe milk fed j^roup was I-. 7 lbs. as eom])ared with 
*2.1 lbs. ill the f^rouj) not rc-eeiviiya,- milk. Average* in 
crease- in hc i;r||t jn t|i,- former ^roup was O.Ol inelu s 
as i-ompared with 0..d5 inelu-s in the latter. 

ddie groups we re now reversed, the boys not pre- 
viously reecdvin^ milk bein^ supplic-d with 1.0 oz. cd' 
powder daily while the earlier ‘milk’ jjjroup went with- 
out milk, ddiis sec’ond experiment lasted for lOj 
weeks, a somewhat shorter period than that covered 
by the first experiment. Avera^^e weif»;ht and height 
increments in the milk feil ^roup were .*1.07 lbs. and 
0.(i0 inches respectively; in the ‘non milk’ j*:roup 
I.IO lbs. and 0. L't inches, ddie hostel diet remained 
till- .same throughout the two ]>eriods of the e.xperi- 
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inmt; tlif aildititiii of skininird milk was llir only 
variabli'. 

fii other children's hosti'Is similar height ami 
weight inereinenls were observed as IIk result of jjiv- 
iii^ skimmed milk. The eonsnmjilion of milk improxed 
the general eondiiion, health and appearanee of the 
children, and re<lmeil the fretpu ney of minor ailments. 

These experiments show clearly that averaf^e 
Indian diets are delieieiit in elements eonlaiiied by 
skimmed milk, and that tiu' addition of skimmed milk 
would f»;really eiihanee the mitritixe value of such di« ts. 
Skimmed milk is eoiisiderably cheaper than whoit* 
milk, and attention should be ;;iven to inereasini;; the 
]n*oduetion and <-onsumpi ion of skimmed milk in India. 
I'nless supplemented by some source of vitamin A 
siieb as cod liver oil, skimmed milk is imt suited to 
form the side food of infants, but it can, with ‘jreat 
advantage to health and develo|uu( lit . be iiieluded in 
tlie diet of older ehildreii. 

The addition of soya bean l<i the diet of .^oulh 
Indian eliiblreii did not have the same advanla^< oils 
elTeet as the addition of skimmed milk. In fact, no 
aeeeleralion in i»:rowth or iniproM im iit in health was 
observed when so\ a bean was «*'i\en reyiilarly o\er a 
period of 1< months. 

Population Problem of India 

If the /ii*ures i»ixen in the leiisuses are any ,j»uid«*, 
there is no doubt that India’s population has recently 
iiiereasi'd to all alanniiif.;' »h nis e. 'I'lu country needs 
a hi^h standard of lixiiijL:' and improxed health and 
xvelfan*. This e;in only be possible, as pointed out 
in the annual report of the Ihiblie Ilealifi ('ommis- 
sioner with the (government of lndi;i, Iti.'tt, if there 
is a considerable increase in food prodiielioii or a pro- 
iiouneed dro|i in the annual iiieremeiit in ])o]iuiat ion. 
Aei'ordinj^ to the Health (’omiuissioiier. it is not safe, 
in the present state of our kiioxvledtte, positixely to 
assert that fooil prodnelion e.iimol keep pace xvilh 
population increase. If the fooil prodnelion keeps 
pace with population increase, a erilie;il situation may 
be avoided. 

Indian Science Congro.s.s 

'rile next Meetinj*; of the Indian .'^eiem-i- (’on.i»:ress 
will Ik- held jointly xvilh tin* Hritisli Assoeiatixm for 
I lie Adx’uneemeiil. of Seieiiee at Caleulta in .lannar v 
lih’lS under the !»-eneral presidentship of Loril 


Kntfierford, Diri’ctor of 
Caiiibrulge. 'I'lie followin^i;; 
been t‘lei*ti‘d: 

Sl-.i TION' 

i. Physic*; Matin-mat ics 

ii. Cln-uiistry 

iii. (‘iCDlii^y aphy 

iv. Hiit.-niy 

V. Zmihivi'’ 

xi. .Xllthrnjtnidtiy 

xii. Ajriiciiltine 

xiii Mi-dical \ Velci iii.n \ 

Rc.sc.-n I’ll 

i\ Pliysiohi^y 
\, l*svchnlo'4y 


( 'aveiidish T.aboralory, 
scetion.al jiresideiits have 

Pk i-isnn-iNT 
sir C. \’. Raman 
Sir P. C. Ray 
1). \. W.nli.a, l-N.i. 

Pitil. 11. S.ilini 
pMif M:itthai 
Dr 1 1 S. ( ’.iih.i 
R.ii) P.ali.uliir T. S. 
N'ciikati .imaii 

Sir r Mralniiiicli.'iri 
1.1. I'lil. R . N. Plmpra 
I'm if. S. liM.se 


Re.search in Road Knginccring in Iiulia 

India cannot boast »d' a labor.atory like the 
National Physie.al I ..abor.atory in (ireat llritain, where 
problems relatinic lo soil and road en^iiiu i riii'^ can 
be studit-d. It is no doubt true, as stated by Hai 
liahadnr ( hiiiitan l.al. Chief l''njL'’in< er. Ciiiled Pro- 
X inex s, presidinji*' at the ITth aninial «!;<m i‘’d meeting 
(d' tile Institution «d' P.ngineers (lndi:il, held at 
liombay on .lannarv II. I!).‘I7. that the results of 
resxarx'h in foreign eountriis are .axailaldi- to liulian 
x-ngiiiex-rs. Hut tliesi- foreign count rix s e;oi iievi-r In* 
e.\peet(‘d to t.'iekle problems ))e(‘uliar to India, and it. 
is but )>ro|)er .and necessary tli.al the ro.ad engiina-riiig 
problems peculiar to the Indian soil and climate should 
be sxilvetl in .1 laboratory p.irlieidarly meant for this 
x-ounlry, Disx iissing laiad i nginei ring Itai ISahadiir 
Clihnlaii l.al s;iid th.at in the pa*,t the building id' a 
road h.ad not received the attention th.at it deserxaai 
and that it was only during the past fexx years that 
biundation studies and soil resc.-ireh had been 
imderl.akt n. 


National Inslitule of Sciences. India 

The annual mei-ling of tin- Nalioii.al Inslitiilt' of 
Sciences of Indi.a w;is held .at liyder.abad on .Ian. a. 

riie following olliee Im arers wi re eh cli d for 
tin- current ye;ir. 

Prf.siffrnt Prof. M. N. .S.ah.a. 

I’it-r Prrs'idruls Prof. S. S. llb.d n.ag.ar. 

Lt. (*ol. It. N. ( hopra. 

Fftrt'iifn Srrrriti ri/ Prol. 15. .S;dini. 

Srrn’Iarirx Prof. .S. P. Agli.ark.ar. 

Hr. .\. M. Heron. 

Tn tiMin r Dr. .S. 1.. Ilor.-i. 


399 


Vol. II. Nu. 8 
Kh'.milJAKY 19H7 



NOTES & NEWS 
Dr R. C. Mazumdar 

Dr U. V. Araziiiiiclar, Profrssor anil Hoail of llic 
i)ir)mrliiiriil of History, Darra Uiiivi’r.sily, lias 
appointnl Vicr rliaiii*rlIor of MiaL (Jnivt*rsily. 

D.Sc. Awards by Dacca University 

Mrssrs Tarapaila llam-rji ami lllmpinilraiiatli 
^filra liavo Ix-i'ii awardnl the ilrf^rro of Dootor of 
Sfii'iiri: by llio Dana L’liivt'rsily. 'I’lic tli«*sis of 
Mr IJaiifrjn* was on tin* iisr of iiior^anii* colloids as 
I'atalysts for jdiotocimiiical reactions and lliat. of 
Mr Milra on the pliysico-clicinical propcrlics of the 
proteins of tiic cholera vibrio and of related spivies. 

British Association Meeting for 1937 

Tlifi Meeting of the liriiish Assoelalion for 

the Advaneciiiciit of Scieiiee will be held in Notliii^- 
ham from Sejileinber 1 to 5 ) under tUe presidentship 
of Sir Kdward Moidlon. 't'he following .sec'tional 
])re.sidcnts have been ajipoiiited : A. Matticmutical and 
Pliifsical nSV/eanw— -Dr (J. W. C. Kaye; 11. Chfmiistrff 
— Dr F. li. Pyiiiaii; C. (leolof/y- Prof. D. ,1. Wills; 
1), /inoliujii Prof. F. A. K. Crew; K. (Icutjraphy — 
Prof. C. H. FaweelL; F. hU'onamics — Prof. P. 
Sarganl Florence; (J. Knyinevrinff Sir Alexander 
(iibb; If. jHthrop(doffi/ J. II. Hutton; I. 
Phiisiidofjif - Dr 1*’. P. Poidton; .1. Pxifchalotfy- -Dr 
Mary C’ollins; 1C. lioianif Prof. K. .1. Salisbury; f.. 
Kdiu'alion Mr H. (J. W«dls: M. AfjricnUnre Mr .1. 
M. Caie. 

The Death of Prof. G. Elliot Smith 

The death has oeeiirml of Sir firafton F.lliot 
Sniitli the welllviiown authority on anthropology. 


New Director General of Archaeology in India 

Oiir lieartiest rongratulalions to llao Hahadiir 
K. N. Dikshil M.A. who is to beeoine the 
Director (Jeiieral of Arehasdogy in Inilia in sueees- 
sioii to Afr .1. F. Hlakiston. 11 ao Hahadiir Dikshil 
was ajipoiiiLed Siiperintimdenl of the Kaslerii Circle 
in 1P*20. In l!):iO he was appointed Dt'piity Director 
(fcnerai for Kxploration and in Deputy Diri'ctor 

(leiieral of Areliieolofjy. During his whole career lie 
has proved himself to bi* a vi-ry able oflieer. He has 
siiecessfully carried out arelueologieal (‘Xeavations at 
Moheiijo-daro, l^aharpnr, .Mahasthan, llanganiati and 
a niiinbcr of other places. He is not only an able 
excavator but also an expert epigraphisl and numis- 
matist. His researches in the domain of Indology are 
of high order and exeellenee. His a])pointmenL has 
been acknowledged with great satisfaction by all 
who are interested in Indian arclueology. He is the 
second Indian to hold this high ])ost, the first bt'ing 
Itai Hahadiir Daya Ham Salmi. W't* wish him all 
success and a brilliant career. 

Professor B. B. Ray 

We regret to announce that one of our editors. 
Professor H. H. Hay, has recently resigned his editor- 
shij) on account of ill health. Professor H;iy was 
associated with this .lournal from the Vi‘ry start and 
has remlered valuable serviei' throughout his ])eriod 
of editorship. Whatever success the .Journal has 
achieved is largely due to his hard labour and conti- 
nuous care for its welfare. Our sineerest th;inks are 
due to Professor Hay for tiu- way in which he has 
so long conducted die Journal. M'e hope he will soon 
ri’gain his health and be abh* again to help us 
aetiielv. 
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Agriculture in Ancient India 

'riu* Tii)|H‘n;tl liiirt aii o{ S<iil Si-ii'iio- has 
out f«>r Sr|)lt*iiilu*r llKJIi in ils Mniilhly Lclh r No. al» 
a translation c»f Krishi Satujrahit said lo lu- rtiin- 
])ilril liv that sajrt* of ohi, Parasara. 'I’lir orii^inal 
laxik is wrillon in Saiiskril and tin- translation is hv 
Dr. S. P. Uov-C'houdhiiri at pn-smt working at tiu- 
Uolliainstrd K.xprrinuiital Station: Krishi Saiit/rtiha, 
as lilt* iiaim- donolrs, is a short, and perhaps siininiarv, 
eoinpilation on a^rieiiltiire in India. India is <‘ssen- 
tially an asrrieullural eounlry and has ]>een always st) 
from limes imim morial ; no wonder, thepefore, that 
it atlraeled tin* attention of the learned of early tlavs, 
wlu» Irieil by observations and i‘xp(‘riinents lo ^viiera 
lize it inl<> a .seieiiee. 'I'he eoinpilation is the residt, 
no doubt, of siieh atti'injits. The bookh‘l eonlains 
iiiiieh about what .seem to be forms and rituals, and 
aus])ieious and iiiaiispieious days and planets and 
eonsltdialions «)f stars seem to have t*,\erte<| a pre- 
dominatinpj influeiiee on the mind of the author st» 
miieh so that the author is greatly obsessed with it. 
(‘eremoiiies playeil, as in every other walk of life 
of the anei(‘nts, a very important part, and tlie.se have 
lu’eii greatly stressed in the booklet, Som<* general 
rules for eultivation are ineorp<irate<l .uid we believe 
that they woiulerfully tally with those followeil to- 
day by the peasants of this eounlry, espeeially in 
ib-ngfil. In giving rules f<ir the sowing of see<ls, 
the Sage says: 

" 'rile best month f«>r sowing seeds in ordinary 
eases is Haisnkh (April M:i\ ); J nisi ha (^Fay ,hine) is 
medium; Asharh (,f iiiit' July ) is Tiad ; and Snrran 
( .Fuly-August) is worst. 'I’he best month for sowing 
seeils where transjdanting is to be earriecl out is 
Asharhj JSrai'fin is bad; aiul lihatlra (August Seji 
teniber) is very bad." 

'riieii again, regarding I he removal of weeds from 
])addy Fields: 

“If the weeds be removed during the months of 
Sravan and lihatlra, then even if the riee field 1 h* 
again filled with grasses, the yiehl of erop is doubled. 
Ff tlic weeds be removed from the riee field.s Iwiee 


ill tin* month of ./.vie/'ii ( September ( Fetober ) , then 
then* is eonsiderable yield of erop like tin* pulst* 
grain Miishaltii.” 

iM>r the Indologist and tIu* soeial aiilhropologisl 
the eoinpilation may be of some use in eoinparing the 
methods of agrieultiire as adoptid by the present day 
farmer with those of the aiieieiils. They are as true 
in Heiigal lo day as tiny were in the days when the 
book was written, and there is a siispieioti in tin* ri‘ad- 
(‘r*s mind that the eompiler. .Mahainiini Paras.ara. was 
a nalivt' of Ib'iigal! 

Indian Paper Industry 

In India out of marly .‘{OO fibre yitdding plants 
growing on lht‘ soil, only thirty may he rt'garded as 
eommoidy in list*, though the Industrial (iallery of the 
Hotani(*al Survey of Inilia has a e4dleetinn of KiO of 
these plants. 'I’hey are iilili/.tal in a nuiulx r of ways 
among whieh the inanufaeture of brushes, brooms, 
baskets, eordage. le.vtile industry and paper-making 
are the ehief ones. In the Minirrn I{t‘rif\c t>f .laniiary 
IJK'iT Prof. K. K. Purkayastha eonlributes a thought- 
ful arliele, in whieh he gi\es an exeelleiil analysis 
td' the paper industry in this eountry and points out. 
the neetl for the fire.servat ion of our indigenous fibrous 
plants. 'I'lu* pajii'r industry on niodi'rn lines is eom- 
paratively of reeeiil origin in India, though tin* first 
mill was started fifty years agti at Ibilly m*ar Cahailta. 
It has madi- gotul progress i ver siin-e, but. the outturn 
of the mills eaii hariily meet e\en half the demand 
of the eountry. h’oreigii papt-rs from I'.uropt*, 
.Vineriea, and .lapan are importeil in huge (|uantities. 
India imported p.aper and paste board from other 
eoimtries to the value of Ils. 1 .S.tlTtf during the 

yi-ar IJ);i;i-;t F and <d' Hs. :f,72,S*i,() 1- 1 during IJ);t4-;b'5. 
'I’liese ligun-s show what a brisk market India is for 
other jiarls of the world in respeel to paper. Hesides 
finished prmluels, Norway, Sweden, l'.S..\., and 
.Japan do a very profitable Ir.ade with this eountry 
in pulp, whieh, bi'ing a half-finished produel, enters 
the Indian ports at a lower rate* of ibity than what 
is im]iosed on imported finishtal paper. The.st^ fat'ts 
bring home lo our mind the urgent neee.ssity of estali- 
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liNl]iii; 4 ; I hi* inilif^i iuiiis ]>a|)rr iiuhi.stry on a .sound 
footinj^ bv firsl niaUin^ a thorou‘j;li survt v of tlu* fihn*- 
])lanls in this roiiiilry. roii.srrvinjir tluisi* rxislin^. and 
rhrrl\iii<;; llu-ir wasli* hy proper le^islalioii. Ilesearcli 
iniisf also he earried on for findinjr out how the rihre c*an 
be best ulili/ed. 'I’he Soviet (lovernineiit has a sepa 
rate researeh ile|)artiiieiit tor this purpose, (ii India 
the only institution wiiere researeii is earried on in 
this field is the Forest Keseareli Institute, whieh beiii^ 
a liu^e or^'aiii/ation. eannot possibly pay all the atten- 
tion the paper industry would demand. 

Small Dimension Stock 

Itural uplift is now the deelared poliey of the 
(fovernnient and political bodies of this eountry and 
the villa^v industry is reeeiviiiii; elose attention. 
Various su^-^'esl ions have been made both by (lovern- 
ment spokesmen ami our public men as- to what should 
occupy tile Indian peasant iliirln^ his spare tiim* and 
otr .si'a.son. lie i.s generally free from fariniiiff for 
ei^ht inonihs in the year whieh he can well utilixe in 
various ways to supplement his iiieoine. 'Plie latest 
is that issueil by the Forest Researeh Institute, Dehra 
Dun, in their booklet entitled Manufndurr o/ Small 
Dimriisioii Shn'k: ./ were liural I adust ni. 'File ex- 
pression, ’small dimension sloek’. f»;enerally means 
wood plankiinr of small si/.es that ean be eul from 
slabs or trimmings, or |)ieees from small loi;;s of 
branehes id' dill'erent sizes, 'I'lie sloek ean he used 
on a larji'e scale in tlie iiianiifaeture of a host of 
wooden articles, such as ( 1 ) agricultural implements 
like ploiu*hs: ( ‘J ) toii^a and cart spokes, and their 
parts; wheel harrows, trucks, motor ear bodies and 
wheels, etc.; ( :i ) ho\i s. crates, barrels, poultry coops, 
si^fii and advi rlisiiiif hoards, patterns, templates, Inhs, 
water tanks, eli*.; (1) sporting ^'oods like the tennis 
ami hadminlon rackets, hockey slicks and cricket hats, 
poles, etc.; ( .-i ; ihairs, heiiehes. stools, hook shelves, 
tables and other articles of fiirnil lire. el*-. ; (li) handles 
ol hnishc-s. brooms, er<iss arms for elect rie poles. 
;*arden and niaehine tools etc.; (7} shuttles, spoids, 
and holihins, wooden ware and no\ cities, toys, patterns, 
flasks, etc.; (S) small inaehiiies liki* spinning wheels, 
W(‘avinij; niaehines, framework for sugarcane eriishi*rs, 
ef<*. ; (})) do«n*s, windows. \ ( lit ilalors, pam i as well as 
Irellis |)arlilions, wall-hraekets. shingles, erasing for 
I'leelrie work and house-building eom)ionents; and 
(10) miseellamous small sized wood wan* like door 


knobs, parts of indoor games, like chessmen, draughts, 
etc., eiirlain rods, shoe-lasts, paper-weights, blotters, 
eiip.s and saucers. 

The manufaeture of all tliesc articles requires 
small sizetl wood ))ieees and practically ev<*ry kind t>f 
w«)od, hard or .siift, whieh is available from the 
ftiresl, will he suitable. The initial capital required i.s 
very small, only as much as is necessary for the piir- 
chast* of a hand saw anil a wood axe. Thus there 
appears to be, indeed, a very wide field for the use of 
small ilimeiision stock in wood industries of the eoun- 
Iry. .\t ]>resent the small dimension wood industry 
no doubt exists to a certain exlent, but it must be built 
up on a more seientitie. sy sternal ie, and extensive sealer 
for the starling (d* a new rural industry of a far- 
reaching importance. It slioidd be organized on a 
co-operative basis. It i.s also suggested in the booklet 
of the Forest Researeh Institute, above refernd to, 
ill whieh an outline of the seluMiie is given, that for 
tile gnidanee and facility of the villager to find 
a reatly sah* for the product of his labour, a liasion 
salesman who eouM be trained at the I‘'oresl Research 
Institute, Dehra Dun, may be provideil; that the 
villager should be saved the worry of (iuding a market 
for llic small dinunsion stock he produces; and I hat he 
should be taught to produce sizi's and shajies that 
would fiml ready sales in the towns and cities. 'I'he 
small ditm‘nsion sto(*k industry will not only redm-e 
the timber waste to a minimum but will also engage 
tile Indian villagi r during his spare time, for which 
In* will gain materially. 'Theri* is also little danger 
from machine eompel ii ion. for while the products 
will be maniiiaetiired with inexpeiisii i- rural labour 
from waste limbi r. machine can never rival man for 
tin* exercise id’ I he ineessarv jiidgiueid in cut ling 
crooked logs at proper plaei s and eidling out d< fi e 
live limbers with the minimum of waste. 

Silk Industry in Bengal 

One of tile oldest indigi'iioiis iinliistries of ISengal 
is the silk iinluslry whose importance has greatly 
diminisln'il in reei*nl limes due to eonqielilion of 
foreign eonntries, i-speeially .lapaii and China, and 
also to the lack of ( loveriimeiil's ai*tive inlt*re.st in 
it. It u.sed to be once one of tin* few ehi(*f indust ri(‘s, 
and it is a pity llial such a profitable trade of the 
provin**e should be allowed to <Ii*eay. Mr. ('. (ihosh, 
deputy director of serii iilture in Reiigal, in his wire- 
less talk on the Uli December gavi* an anaivsis 

of the whole situation and (‘numerated with great care 
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llu* various vtuisrs of ilu* «lrrliiu* of llic silk Irailr in 
tlif ]>ro\’iiHT. Aflrr ^i\ iii.u: an aiimoil of ilir procr.ss 
of silk- prodiift ion, from tin- liiiildinir of llio rtic-oon ))v 
tlio worm to I'ccliii^ and wcavin«»-. In- rriVrrcd to tin- 
(‘uliivalion of inidbrrrv. tin* food of tin* silk worm, in 
wliifli lb‘nj»;al now lajfs hrliitid ollur j-ouiilrirs, now 
that tin; ladi r liavv ntili/.cd tin- siicnn- of •rrowin;< 
this tii-lil vroj). “Tlu- inIVrior (|iialil\ of licn^al ro 
roon is a |»;n al handicap for the Mmiral imlnslry ami 
is one of the principal causes «»f ils failure hi compi tc 
with that of conniric.s ptisscssinif sii|)cri«ir co<-oons.“ 
“Ih lli r raci s of worm an- iu-crssar\ as wi ll as hi llt r 
forms of niiilhcrry" in order to retrain llie 

lost ground or even to maintain the little market 
that it still enjoys. Secondly, a propi riy i>r!j:ani/.ed 
reeling; indiistr; prodiieini>' raw silk with desirable 
(pialities and otferinij: a sure market for 
eoeoons at a fair priee is an urgent neees 
sily. As tliere is no jiroper or< 4 ‘ain/.at ion at 

present, tlie reelers and eoi'oon prodms rs are ot'tin 
vit'tiins of mean and inlniman esploitalion by eapita 


lists, and "there are complaints abont unfair dealings 
and iion-adhereiiee to ei>ntraeted prices." 'The tilird 
factor whii-h has atfeeted the indiislry is eompidition 
of <‘lieap silks, botli raw and woven, from (’liina and 
.lapan. where the imlnslry is \irlnally a snbsidi/.ed one. 
Apart (rom the \arioiis direct and indireel helps to the 
iminstry "the de|>reeialed ^alne of both .lapanese and 
Chinese enrrem-y to the extent of ;ibont oO per ee?il 
of the normal \alne amounts to an additional snbsidy." 
The Heiiifal and Indian serieidinral industry has thus 
to emiteml a^^aiiisl \ery unfair eompetition and can 
hardly be expeeteil to live withont adeeptate prolee 
lion. 'I'ht' iieeessitiis of tin* situation demand first 
of all adeipiate protection to the weavin,«r as well as 
raw silk industry. .No silk thread, aeeordini;' to .Mr. 
(thosh. shoidd 111 * allowed to be sold at less than (i 
annas a lb. .\l the same limi- improvement in mnl 
bi‘rrv and races of worms and iinproveinenl and or 
ifani/ation of reeliny; are nrninl necessities. 'I’hc* 
industry has enoni*'h xilalily and if oidy freed from 
thi‘ um‘(|iial and unfair eom|)et it ion. it will soon re\ ive 
ai^aiii. 


Glycerine in liiclici 

M. N. Ciosw'dfiii 

I.rcliirur in Applic'd Dioini^try, CuKmiILu Ilnivcifiitv. 

India is a vast eoiinlry. ILr agricultural and 
eomniereial potentialities are immense. Some of tin 
industries are l•eeenl but an- rapidly row inn;. Let us 
take for exam])le the soap industry; ils u;rowtli is 
very recent, 'riie demand for .soaj) has i»radnally 
im-rea.sed from iSTii, when the import was x allied at 
Ils. the fidlowinu: wen* the sub.secjiieiit 

tii'ures: 


1001 

15)02 

Its. 17.01.127 

15)02 

l5)o:; 

., 22.()7,.S0I 

I5)0;{ 

15)()1- 

„ 27.2;i,70.-i 

l5)0,-5 

15)0(: 

.. ;n,5K).S5)0 

lOOC 

15)07 

.. ;i2.2.s.l5(i 


It is al this period that some faeloriis cropped 
up, and Hllhou>;'h the eonsnmplion li^ure increased, 
the increase of im)iorl xvas somewhat steadied. Soap 
worth about 2j erores has been eonsnineil in .** K 

the import liyure al this year beinif Ils. 7iS.;<7,.‘Ji)2/-. 
India is still behind ollu*r count riis as rejianls i-oii- 
sumplion as will be sein from the following: 


.\meriea 

2.5 

lbs. per nift/ta. 

HidlamI 

21 


Denmark 



(rreal llrilain 

20 


llumania 

1 mlia 

1-.! 

1 

1 


If India's li^ure fn-r 

rajiitii 

becomes that of 


hxwesl eonsumin^' i-oimtry of the xvest the exinsump 
tion lin’uri’ xvjxuld i-oine up to about Its. 10 en»res. 
’I'liis reallv slioxvs the i nornions possibilities ot e.v- 
pansion of this imlnslry. 

If we consider llie consumption and imp«)rl (inures 
of we find that India produced soap worth 

Its. 1 ,10,()‘J.r»:is -. 'I’akin^- on tin- ax< ra,i!;e Ils. 1 !•/-- 
Ks. I.). as tile priee for soap per inaiind we find 
that India in tin- same year produced aland 10.00,000 
niauiids of soap. Dedmtini; fnuii this about la/; 
for the avera^iie eonli-nl moist nr»-. tin- lijiiire for an- 
hvdrous soap comes up to about 7,.‘>0,0()0 mils. 
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Roiip^lily .sjM-akinji; 100 niaiiiuls of oil or fal require 
20 iiuls. of eaiislic* soda Ui prodiu'o 110 inds. of s'oap 
and 10 inds. of ^lyivrine. On this basis it is found 
that India's potential eapaeily lo produee ^lyirrinc 
in was OSO.OOO iiids. or about 000,00,000 lbs. 

of /iflyeerine. If India's eonsinnplioii per capita be- 
eoines tlial (tf Ituinariia tlie total output of jrlyet'rine 
will in future eoiiie up lo 1008,000,000 lbs. 

Not a sin^rh* faetory in hulia is reeoverinjj this 
frlyeeriue wliieli is a bye-produ<-t in the soap industry. 
Tilt* soap lye, (he liquor reniaiiiinjr after the soap 
is prepared, eontains alxiiit 0 - 7*).' /^lyeerine. It eon- 
tains in addition 2 .'i*)-' eaiistie soda and rest water, 

eoiinnoii salt and other impurities, lii some factories 
this soap lye is again used in tlie preliminary opera- 
tion for making soap and thus the eaustie soda is 
iitili/.ed but after tliis »‘veryl]iing is thrown away, 
(riyeerine is used in tiudieiiie, in tlie preparation »if 
eosiin ti«vs, in exph^sive indiislrit s. aiul in the jirepara- 
tioii of ])lasties ami many organic eoinpoiinds. 'I'lu* 
soap lye after m-iitralixatioii is e<ineent rated in op«*ii 
})an up to about 80''".. 'I'his is thick bn»wn liquid known 
as crude gly«'crim‘. 'I’liis is then eonei iil rateii in vaeiiuiii 
and dislilh'd. In India explosiv<* ami plastic indus- 
tries have not developed the only use being in 
imslieine and eosmelies. Only imported glycerine is 
utilized. (The iiiifxirt tigun* for lP0;i-;il‘ being 
!l,sr).> cwt. valui'd at Us. .*t,70,7 lO/-. ) Ma if 
soap i'oneertis in India are not big and the capital 
expenditure for installation of glycerine plant being 
appreciable and the consumption figure lieing not very 
tt'inpting no factory cares to recover llicin. The price 
of caustic soda at port due to conijH'tition has now 
become Its. 7 Hs. s/- p«-r cwt. Considering that 
India does not produce any caustic soda, slic will be 
again at the mer<'y of the monopolist as soon as this 


eoinpctilioii factor i.s removed. Of late there has 
In-cn heavy buying of eoeoaniil oil by foreign countries 
and its price has increased by 50%. 'riiis oil being 
a necessity in soap making it has undoubtedly affc'cted 
the son]i makers. So, for the future ilevelopment of 
soap industries on econoniie lines the problem of re- 
covering glycerine should receive our serious attention. 
So long as ghwerine is used in explosive industries its 
price is bound to fluctuate and in war time sometimes 
prohibitive; so that it is not only for economy in 
soap industry, but also for glycerine itself that we 
should be careful in recovering it. ’Fhc projiosal has 
been for some time un<ier the consid<‘ration of the All- 
India Soap Association and it has Ix'cn suggested to 
have one company in every soap centre which M'ill 
utilize all the soap lye available, it remains (<i be 
seen how far this materializes. 

It is evidi'iit from the foregoing figures of con 
sumption and possibilities in India that unless new 
industries develop in which glyc*erinc can lx* used 
W(‘ shall not be abh* to keep the glyecrim*. manufac- 
ture alive. Cilyptal resins opc'ii one avenue. Thest^ 
plastics are prepared from glycerine and dibasic acids 
like phihallic anil succinic acids. These give poly- 
iiierized. light-coloured products whose colour is not. 
sensitive to light. 'I’liey can be incorporated wilh 
acids of linseed oil and thus desirable properties are 
conferred upon the lihn. The only disadvantage is 
(hat they are not so watiT resistant as the phenol 
resins; but researches which arc going on in this 
line in other countries go to show that in the lU'ar 
future this defect is bound to be remedii'd. 

Numerous experiments by the author have been 
done to prepare I lie dibasic aciil compounds of gly 
ccrid as also to prepare formalin from the latter. It 
is hoped that all industrial chemists should put forth 
their energies in solving this national problem of ours. 
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Research Notes 


Chemical Nature of Antipernicious Anemia 
Principle of IJver 

Diikiii :iiul West. piv*vious|y dcscrilxMl a product 
isolatcnl iVoin liver **xtract wliicli was found to he 
effective in eaiisinjx hloocl n*jrt‘nfration in pernieioiis 
anemia. From coniinereial livei* extract inactive' 
inatfTial is rcinovc'd hy pr<*cipi(:iti«»n with .‘ilciilndif* 
e.'deinni acetate followed l)y precipitation <if the* 
active material with Ueiiu'cUe acid. Iiy dec4»iii- 
position of the Iteincckate the clinically pi»t(‘nt 
material is re«fencrat<*d. Snhseijiwnt pnrilication 
was effected hy salting out the a«‘liv<' material with 
amnioniiini sulphate ami later hy tin* use nt either 
ma^nesillnl sul|»hate, sodium chhiride, or <d' ilavianic 
acid. 

dt) mjij. of the prodiK't caused a perc<*ptihle r<*ti- 
cnlo<*yt<' response in snitahlc p<*rirn*ions anemia 
patients, while SO nijr* have y:ivcn a maximal response. 
'^I'ln* clinical activity of tin* product is readily aho- 
lished hy exposure to cohl (ToN Na()ll and hy 
hoilin^r 1 hour with OTiN, !‘nd also hy .sdts 

of heavy metals. .No claim to strict chemical in- 
dividuality was advanced for the active suhstance. 

Dakin, I ’njih*y, and ejst (./• ///o/. Chrm. / /.*>, 771, 
llKJti) now descrihe a method hy which they have 
effected further ]uirilicatioii of the a<'tive material, 
therehy obtainin^j: preparati«»ns siirpassiuj^ in cliidcal 
a<*tivity thc»se previ<)iisly dcst-rihed. 

Dltnitiltration expei’iiiicnts with graded mcmhraiics 
indicate a nndeeidar si/e ol about 1 1 and a 

mnlecnlar weight j^rcatcr than ‘JtMM) and less 
than .^)000. 

//. .V. n. 

Cosmic Radiation 

Hie problem of determininj^ the nature n\ ci»smic. 
radiations continues t<» retain its t)wn interest. At 
one time Millikan tlumsht that they were very short 
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};amma rays whii’li an* pnalin’cd in spa<’c as a I’csult 
of (‘omhinations takiu<r phn*e hi'tweeii protons lead- 
ing t«) tln^ format i(»n of heavier nuclei of atoms. 
In his own characteristic style he rey:ard(*d cosmic, 
rays as c*vi«h*nc(* «d‘ the fa<*t that the ( hvator was still 
at his worksln»p in space. 

'riiis int(‘r(‘stin^ speculation has however been 
proved to h(‘ incorrect, for a laree munher workers, 
lh»the and Kohlhorster in (lermany, (May and 
Holland and ( *i»nipti>n in America, slmwed that c<is- 
mic rays mostly consist(*d of positrons and f'lectrons 
haviiiir ern'i'ti^ies I'aiijxinjj: from a few hundred million 
to 10 billion electrnn volts. IVof. Compton di'diiced 
fr<»in thf* analysis of absorption c*urves that there 
was a evid(*nce of two tyi>es of heavy particles 
amongst tin* cosmic rays. ( )ne of these*, which is 
found in tin* si*a-level, is probably to be identilied 
with protons, the other, found :it greater heights, is 
probably identical with n rays. M.iny attempts 
have been made to deteet the«.e heavy particles in 
Wilson’s ehambi*!', but so lar without sikm'css. In 
tin* (htober number of l*hifsinil llrode, 

Ma<*pherson, and Starr working in the I’niversity 
of ('alifornia, Berkeley, howevi'i* ri*port. that they 
are abh' to detec*t. heavy parlieh's in a spe*cially 
desij;m*<l W’ilstm chambi*i*. ’I’liey consider that :iboiit 
1 ]). c. of the sea-level c«»smic rays are probably 
protons. 

M'he heavy partieles whieh are ideiilitieil with 
protmis have also been obsei’vcd by .Vmh'i'son and 
L<*dermeyer at a hei^rht i)f l.'HM) meters »ui l*ik(‘spcak, 
( alifornia. M’hey, howev«*r, eoiisider that- tlu'sc 
h<*avy partieles whieh form about I p. c. ol cosmic 
rays arc. in*oduc*‘d by the interruption of prim.iry 
<*osmic rays of nuclei of other atoms. 

F.xlen.sif)n of llic Solar System 

II. W. Ilabcock H'ports that by iisiiij; a new 
Kastman plat»* hyperscfisiti/i'd with ammonia In* 
Avas able ti» photofrraph tin* spei-trnm of the sun 
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up <(> l.‘l,r)00 A units. Most of fli(' stronjr linos 
iiojir tlio iiifi*;i -rod limit ;in‘ dm* to wji((‘r vapour 
Imt a promiiioiit f(‘:iliiro is tin* s<*(;fuid mom!)or of 
tin* l^ax'lu'ii sorirs of liydrojron A TiSlS, m*ar tho 
»>llior Olid of (lio plat(* (I'nhhnitifiHs of tlio Astrono- 
mical Socir-ly of tin- l^acilic, /.S’, ‘-tHi, 

Solar Cinematograph 

Studoiits of solar astronomy arc aware of sun- 
spots, promim'iicos, faculai*, and oilier plionom<*na 
wliicli art* constantly appoariiii; on the disc of tin* 
sun. I’lio spots can l»o so<*n on tin* iniau:c <if tlio 
snn in a small telescope, lint prominences an* ns<*tl 
masst's of jras wliicli are snmelimes pmjeetj'd with 
(*normnus v(*locities of tin* order of I to o lnindn‘tl 
kilometres, 'riiey niideriro constant cliani^e td form 
ami sliape. 'rin*y can he >«'en only with special 
devi(‘es. Ihit a continmins oliser\'al ion of the 
chaii^jes of form have ln*en so lonij hamp(*n*d by 
lack of suitable instruments. lhM*ently M. f^yot in 
J*aris and l)r (’nrtis in America have invt*iited 
(‘inemato^raplis which show vivitlly the devehip- 
iiient. of promim*ne(*s in ail its start's. lAot has 
also iiiv(*nted a method of photographing tin* spec- 
trum of tin* snn in hroatl tlaylij^ht an achieve- 
ment which was snppo>ed to In* impossibh* a few 
years a^o. (Ittfllcfiit d<* la So<-iete Astrononii«|m* 
lie !•’ ranee, .May Ih.'i )). 

Dale of Zoroaster 

'riien* has been sn far^n*at, and rather inter- 
miiiabh*, <-untn»vi-rsy about the date of Zoroaster 
(Zaratlnistra', the founder of Zoroastrianism. All 
dates between litMM) n. r. and oOO u. « have been 
sne:e:ested. Iteeeiitly Ii. (i. Kent, writ ini; in the 
Jotinml ttf thr Ainrrirtin Orirnhil Snrivhj, (.Inne, 
IH.'lli, p. *J| I) has cited the o|Mnion of d. A. Wilson, 
Director of the Oriental institute at (’hica«;o, 
that new archaeo|oi;i<*al discoveries in Iran have 
br(»ni;ht tin* problem nearer solution, 'riie new 
lij;ht comes from an ins< i i|i| i>,n of .Xerxes I, dis- 
cuvered by llert/leld in his excavation of the 


ruins of Persepolis. The i»assat;e in iiuest.ion runs 
as follows : 

‘*Sayeth Xerxes tin* kinj; : When I becanio 
kinj;, there were :imont; those lands, which are 
written above some who rebelh‘d ; then Ahnra- 
ma/.da h(*lped me ; by .Vhurama/ihrs will, such a 
land 1 defeated, and to their place* 1 restored them; 
and anion^ those lands were such when*, bebire, 
the Daivas wen* worship|)(*d ; then, by Aliiira- 

nia/da’s will, of such temples of the Daivas I 
sapped the foundations, and 1 onlaiin*d *the Dai- 
vas shall not be worshipped !* When* the Daivas 
had been worshipped, then* I worship|)ed Ahura- 
ni:i/da ton;(*tln‘r with ‘Fbaiii the exalti*ir. — And 
there were other thin‘;s which wen* done wnmi;- 
fiilly, such I righted. This what I did, I diil it 
all by the will rif .\hurama/da. .Vhuraina/da h(*li)ed 
me, until 1 had performed the work. — Thou 

who art of an after a!;e. if thou thinkest, ‘I wish 

to be happy in life, and in death I wish to be- 

lonj; to ‘Rt.ini*,* abiih* in those laws whicli Ahura- 
ma/da has establish(*d, and worship .Minrama/.da 
toirether with ‘Ihaiii’ the exalted. The man that 
abides in the laws which Ahnraina/da has estab- 
lished and worships Ahnramazda together with 
‘Ulaiii’ till* (*xalted, that one will be happy in 
life and will, in death, bi*lon!; to dtlanr. 

This passay:e, W'ilson beli<*\<‘s, conelnsively 
proves that .\er\(*s was a staiineh Zoroastriaii and 
the intensity of feelinjr displayed in this iiassa^e 
proves that the Aehaenieiiiaiis were reci'iit l•ollverts. 
'rile inscriptions i his fath(‘r Darius also make a 
similar indication. We know that D.irius's pre- 
dece*^sors, ( 'yriis and ( ’ambyses, were not Zoroas- 
Iriaiis, and after Arta Xerxes 1, there was a 
partial relapse to Ma^iaiiism. 

From tlii'si* facts It may be concluded that 
the Vistaspa who i;ave shelter to the prophet 
must lie identii'al with the. Vistaspa, the father of 
Darius, who was livinj; at the time of Darius’s 
accession to the throne (.VJI U. r.). So Zaratlnistra 
must have b(*en livinj; about ooP n. <*. This is 
about iid years later than the lale.st date hith<*rto 
accepted for Zoroaster’s death, / / •,., oSii u. c. 
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University and nccidciny News 


Royal Asiatic Society of Benj;al 

All nnliliiil'V liininlily nf (||(> liny:i| 

lic Sx'icly of w:is licld nn Muinlay. tin* Itli 

*J:iiiii:iry, l!Ki7, :il 0 : 11 ) p.in. 

'rii(* fnllnwiiijL; rniidid:itf> for ;i> 

Ordinary Mcinhcrs : 

ViMlaiitaf irllia, Namidra Cliandra, M.A.. (Inii'ral 
Kditor, ‘Ualciilla Saii^kril Soric>\ ( ’alciitta, 

Aliniad, Sliani>nddiii. Maiilvi, M.A.. A>.'>iMant 
(\irator, ArclnroIoMical Srclinn, Indian Mn'-^<‘inii. 

( alciiUa. 

'ria* followinu; papi'i’N w<‘rr road : - 

1. S. Pi.’AhllAN.- 'rin* alinnulmti ('tnnil »if 
Kpiladuia Indica (( utrf/trllithr (nhnjilmi), triHt n 
liisrussinu an tht: Arlirilics nf ffn Miil-‘inl k'fiiUn - 
Iffun. 

On a coinparalivc >fudy of tlic aliiiionlary 
canals of carnivorous and licrltivoroii'- l)c<'tio>. oi 
the family ( ^>ccincllida• (t ^^l(‘optora), it wa< '*con 
that tlici’c were a lai'jrc mmihci* of holli >t»*iic- 
Inral and pliysioloirical pccniiarilic'. in the <m>o 
of Kpihtrhnft finln-tf wliicli an- importaiif 
from tin* view'-point of di^■^•'•li^»n amoiiii; iiisorts 
in ‘general. ^riic alimentary canal <il another 
species of Kin'lnrlf/ni, i.c.. I ', f ’arntj}ln, ha." already 
hei.'ii deserilxMl l>y two American w<»rl\ers, Pott" 
(ini?7) and Ihn’mi-^s (inii:.?), hut tlieir a<'eomit" have* 
ilillered from (*a<*li other. In this paper tlu* author 
has pre.seiiled the result" ol his investigations on /•.. 
Intf/rit. 

2. A. II. 11 Ain .r.Y. Mfinrnit li. A/n‘ Unfsnh : n 
I*nsi^(1fissirnl lUt. 

Marwan must be jfiven a prominent phn'»* in any 
study of the post-eIassi<-al Arabian poets. 'I’lie famous 
philoion^ist Ibmi*l-A *i*abi has <*1 osim 1 with him tlie list 
of poets whose work is authoritative lor wliat is 
eorn'ct in die.tion and taste, llis composition" tall 
into tiu* eatejxory of panegyric or eh*;»;y. and several 
speeimens raise him hij^h eminence liy rea.soii of 


tin* ."ineerity combined with their literary (piality. 
I le Cl mid modi'l hint"i‘lf clo"i‘ly mi the classical otic. 

I he iolliiwinir exhibit" were "ho\\n ami comment- 
ed upon ; 

I. Tiik ( I |•.M•;l:A I. Si:i imiiaiiv. -.I nrtr hum 
i nlhrlinn nf Snnsh ril Mnnnsi 1 ijtt'i. 

The ( io\'crnnient of India havi* agreed to the 
perniainait loan to t he S.iciety of ;i larj^i* collection 
ol about rj,lM)t> Sanskrit Maim."cript" hithci'to pre- 
"••rved in the Andijcolooiial Srctioii. Indian Mnsenni. 
( alciitta. 

A condition .attaidicd to the loan i." that tIu* 
S.M'iety shall pi*c‘parc a handlist of tin* manuscripts. 

'^riie ( 'mmcil have* jLrralidnlly ai'iM'pled the otler, 
and the .Mamisciipt" are exhibited. 

'^rin* folliiwiiiL;; commiinicatimi wa" made : 

1. doii.v.N VW AtHffivnU Vnsr in 

Utv nininnnnpntinin. 

'Ihe 1 >Iiammapada, lhonii:h translated a ilo/cii 
times by xarimis "cholars. >lill otVi-rs many a pi*obh‘ni 
of e\ei;e>i". I lit en"i\ i* t reat ment iif several verses is 
callctl fur. An example in point is ntVered by vr*rsc 
.‘>1 in the chaptei’ on * rhoni;ht’ or ‘Mind’. 

In .Max Miiller’." translation the vcr"e rims : — 

‘As a li."h taken from his wati'ry home and 
thrown mi the dry around, mir thon<j:ht trembles all 
ovn* in order to e"cape the dominion of Mara (tin* 
tempte!-).’ 

'^riic ."hurt chapter eon"i"t" of 1 I verses mo."tly 
I'xhortinix the I'eadi'i’ ‘to make ."traijiht In's li'emblin^ 
and nn"teady thmieht. which is ditliciilt to ^nard, 
dillicult to hold back'. 

How then shoiilil thonL!:ht ‘tremble all over In 
order to escape the dominion ol .Mara’, if it "honid b(* 
."t4*:idy to a«‘hievi' spiritual re."iilts V |>e"ides, the lish 
dies when on the ilry land, the watei* is its home, 
lias th<‘ mimb or the tlmiiirlit. to die in order to 
<‘.s<'ape the dominion of Mara, like the ('hristiaii 
exhortation ‘whoever loses liis life ."hall lind it ?’ 
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UNIVERSITY AND ACADEMY NEWS 

Nuiiiniiiiii ^iv(‘s :i didc^nMit oxphiiiatioii. I In takns 
tli<* \v:ih*l* ns ;i synihnl ol* tli(* wnrlil of dnsirn or 
(Inntli. Whilst liviii*; in this world of dnsirn, thn 
world of Marn, tlm iiiiinstriK'tnd soul tnauhlns in 
fnar ai ihi* pro.s|)(M't ofdnatli. 

Tim main pn»l)lnms posted hy (In* vnrsc* arn : 

1. May tlua'n bn a (‘ormption in (lin Inxt ? If 
what may bn siijijjjnstnd ? 

!2. Dons paludavn indinatn ‘to nsnapn from’ t>r To 
y:ivn up, to rnlimiiiish’ ? 

.T Doj's Mara hnrn stands for ‘TnmpbT* or 
‘Dnatir? 

t. Is Maradhnyya Tin* domininn of Mara’ or 
rathnr ‘thn malm of <lnath\ or pnrhaps 
‘pnrtainin*; to tin* malm »»f dnath’, likn in 
‘mortal mimrv 

o. What is thn thought if thn vnrbal form nnnds 
an ‘in orcha* to’ ? 

(I. l)t)ns ‘trnmblinji:’ or ‘writrjilinj'’ ji;ivn a bnltni* 
sense* ? 


In aeeordaune* with l{ule -I I, the followiuji list of 
fjontlniunn n'commnndnd by(\)uunil for (‘Ine'tion as 
thn Soninty’s ()ni< (* Ik'arnrs for thn year is 

<*in*uhifed. The election will take plane at the* 
Annual Me‘e*tini>: in Ke*])ruary. 

Pres i lien I 

II. K. The* lit. Ilon’ble SirJe)hn Aiiele*rseui. 

Vli’V-Presiilrnls 

Rai Sir ITie'udra Nath l’rahmae*hari Rahaeliir. 

Dr A. M. I Ie*ron. 

l*e*re*y Jb*e>wu, Jve|. 

Lt.-(^.l. N. Harwell. 


Serretnnj nml Treasurer 


(ie*iieral Se*crntary : — dohaii van ^raiie*ii, Ksep 
Treasure*!’ : -Dr S. L. Ilora. 
l^hilt)h»«xie*al Se*e*retary : -Dr S. I\. ("Jhatte'rji 
.Joint Rhile»Io^ieal S<‘e re*tary : Shainsu’l ‘lllaiiia 
Mawlawi M. llielayat Ileisain, Khan Bahadur. 


Natural llisteu'y 
Se»e*re*tarie*s 


r Bie»le»jry : _ Dp Baini IVashad. 
j Bhysie*;il Se*inne:e : — Dr J. 

(. .Mukhe-rje*e>. 


Anthropole^gieal Secretary : —Rai Bahadur Usiina- 
prasad C’handa. 

Medical SeM*re»tary : — fif.-CJol. R. N. C’hopra. 

J^ibrary Seere*tary ; — M. Mahfii/.-ul llaep Ksq. 

Other Me'nhers of PnanvH 

V. (\ (balder, Ksq. 

N. (ji. Majuimlar, Ksep 

K. i\ Mahindra, Ksep 

*T'hn llon’bh* Mr. .Jiisti<‘e> Sir .Inhii Len’t \\'illiams. 

*B. S. (luha, Ksep 

♦W. 1). West, Ksep 

The National Academy of Sciences, India 

.\n ordinary ineuithly nie*e*tin}; e»f the* Natie)nal 
Acaelemy e»[ Se*ie‘iiem.s, fnelia, was he*i<l in the* Phy- 
si<*s Le*e’ture Theatre*, Muir C’olh*«i;e* Builelin<j;s, Alla- 
liabael, em Mmielay, De‘ne‘mbe‘r 121, I'.lllti, with IVe)f. 
N. R. Dhar, IVesielent i>f the* National Anaele*niy e)f 
Scie*ne*e*s, India, in the* e*hair. 

The* fe)lle>win^ papers we*re re*ael :inel elisnusse*d 

1. R. X. (Jh«»sh — On a simple* De*nvatie)n 

e»f Strnsse*s in a moving Kliiiel. 

2. K. S. Miithnr — lnfra-ri*d Absorptiem Spe*ntrum 
e»f T'in-di’ioelide*. 

.‘1. Jj. S. Mathiir De*termination of Tjatent 
lie*ats eif Vapoiiri/.ation eif the se*l(‘uiile*s e>f (’admium 
and M(*reury and Te‘lhirlele* e)f Zim* IVeun the* absorp- 
tiein spe*e.*tra e»f tlu’ir vapours. 

•1. B. N. Sin«rh --1'he* Prevention of Rots in 
T"eimate)e*s with espe*cial rnfe*re*ne*e* to the* Mould’s 
attae’k. 


Calcutta Mathematical Society 

All eu’dinary nie‘e*tintc of the* ('ale*utta Mathema* 
tie*al Soe*ie*t.y was he?lel in the Soeie*ty’s rexjin, on 
Siinelay, the* 20lh Deni*mbe*r, liKlIi, jit l-UO p. m. 
riu* feillowinjr p.’ipers we*rn re*ad : — 

(//) N. (ilmsli : — .V neite* em thn seihitiem eif a 
systeau of liiie*ar eepiatiems. 

(If) S. Glmsb : — On some two-dimeiusional prei- 
bh'ins eif Klastieity. 

(r) M. de* Duilahe*l Siir e*e*rtains systenie*s 
d’Keiuations dux Diner(*n(*e*s teitales. 

(d) M. de Diitlahe*! ; — Sur la j]je*neralisatiou du 
preibleme de* Dirie’hlet (*t sa soliibilite. 

N.B . — The naiiirs iiiarkoil with .'in asterisk indic^ate new 
names ]iro]ioscfl for the year 1')37. 
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Letters to the Editor 


Coiulenscition of Succinic Z\nliy(lri(lc 
with Phenolic Ethers 

III conliiiuatiun of llic prirvious woilc ilfscrilu-il in a 
not*; ( /. /. C. Soc. U>.i5.) the stiiily of llu* t'oinlciisatioti of 
the followinfr phenolic ethers with siteeinie anhydtiile has 
been uinlertaketi with the results deseriheil below. 

l*yroj;aIIoI triiiicthyl ether eoiideiises witli siirciiiie 
nnhyilriile in presence of nhiiiiininin chloride in acetylene 
tetrachloriile iiiediuni with the format i<in of ;• 2 livilroxv- 
3-4 diinethoxy phenyl p-keto liiityric acid in. p. LS’*. The 
snhstaticc j;ives ferric chloride coloration and a methoxyl 
estiination sliov.s the pre.sence of two iiiethoxyl ^^ronji.s 
only. Reduction hy Cleiniiien.seii’s method give-, y-2 liy 
dioxy-3 4 diinethoxy phenyl butyric acid m. p. 105®. Deliy- 
ilrati<in of this substance with concentrated sulphniic acid 
j^ives a Tiii|» ketone, the seiiiicuba/.oae of wliieli melts at 
220*-230® (decomposition). Resorcinol dimethyl ether 
tinder similar conditions ^fives y-2 liodrovy-l nicthoxy 
phenyl }'-ket3 bnlyric acid in, ji, Ih»®-I17®. It also jrive.s 
ferric chloride coloration and a Zeiscl estimation confinns 
the presence of one metlioxyl j'rou]! only. 

(Vho.se Laboratoiy of 

I'lirc Chemistry Slivaiiiakaiila 1* 

Science Collej»e, Calcutta. 

30. 12. .h). 


New 'I'ypc of Mtigiicto-ionic Splittiiui, 

The ioiii/.ation of the F,-icj;ion lias lieeii studied hv ns 
fot the Ia.st several months. In oriler to determine the 
eritical penetration frequency for any ioiii/ed region in the 
ionosphere it is necessary to iiicrea.se the fri’qiieiiey of the 
transmitted pul.se j>rndually till the echu penetrates the iej»i' 
on. The apparatu.s devehipcd hy us is such that one single 
observer can manipulate the tr.iiisinitted frequency with one 
hand, and the receiver can he kept tuned by means of the 
other hand; .so that there is a contininms elianj^e of freqiieii 
cy and the echo <loe.s not ilisapjiear from siy»ht tlirouj»lumt. 

The electron density and the highest frctjiieiicy which 
can he reflected from that region arc related as follows 

.v=r2s X lo"* /•/ (i: 

where N is the numher of electi on.s per eiihic cm. ainl fc is 
the critical penetration frequency for the ordinary ray. 


During the day lit) magneto ioiiie .splitting of the wave 
has been seen for the !•*, -region, even when the transmitted 
frequency was very much near the critical penetration 
fretjueiiey. This apparently seems to In* due to the greater 
ahsorption of the extraonlinarv ray dining the ilay. 

However, working after niidiiiglit. when the ioiii/.ation 
and absorption in the lower regi*iiis liecoiiie very binall, 
both the ordiii.'iry and the extraoniiiiary ra^s Irive been 
st‘eii and the dillereiicc between the pi*iieii'atioii trei|ueiicies 
of lilt* two ravs has always been found t«> be in the iieigh- 
bourhoml of 0. 1 t Me /see. when the t*rilical penetration 
fieqiiency was between 3 ami 4 megacycles j>er sec. On rare 
occa.sions. however, we have foiiinl this to he i).h\ Mc./sve. 


The penetration freqiieney iliirereiiees calculated for 
veilieal propagation from the three eoiiditioiis of reilection 
obtaiiietl hy j itling //=0 in tlie .-\p])let<in- 1 lartree dispersion 
e(|iiation can explain only the second experimental value of 
0 (it Mc./.se<\ but the iir.sl value of 0.14 Mc./see coiilil not 
he accountcxl for by the i‘.xistiiig thetny, and for a time the 
problem w’as very innplexliig. However, recently -Mr R. N. 
R.ii has examined the prtiblem from a fresh p«iint of view. 
He has usKiimtsI that reilection is obtained only when the 
group velocity becomes /em. The lesnlls obtained by him 
show that ill addition to the usual resulLs, for short waves 
one mure eonditton for reflection of ilie extraonlinarv wave 
is obtained, viz. 

— I>r (approximately) (‘J) 


where 




I.T.Vr- 

nt 


, />! is the eritical angular frequency 


for the extraordinary ray and p'f 


rllr 

> 


and Ht is 


the value of the hori/oiital coinjifiinmt «>f the earth’s Held. 
The condition for reilection of the onliiiary wave is 

(.■{) 

where />, is the critical angular freiineney for the ordinary 
ra\.Tliiis from (2) and (3) 

whence, the ilirt'erence between the eritical frequencies wdien 
p, is 4’U Me. /.see. comes out to be 014 Mc./see wliieli agrees 
very well with our experimental results. 

The full paper of .Mr Rai will appear in the proceett intjs 
of the National Institute of .Seieiici's and the full details of 
our experimental results are being separately jmblished. 


Department of I'liysies 
University of .Mlaliabad. 
24.12..50. 


H. 1). Pant. 
R. R. Hajpai. 
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7 \ Study in the Rclution of Memory and Ohscrvalion 
in I'eeble-niindcd Children 


n note on the Digestive Fzn/ymes of 
Paralelphusa (Oziotelphusa) Ifydrodronms, (Ilerhsl). 

The iliijoslivt* scerrtinn of Parafelphttaa in adilition 
to its action on starch, K^ycojren, sucrose, inalloso and 
lactose acts also on licinicHInloscs sho\vin.i*[ the presence 
of a evtase, Aiiion .14 drcajiods acxlase has been n*corded 
only ill A.sforu/t hy nied«^rman and Morit/'. I•n/.ynn's liv- 
dridi/itijr atny^dalin. arhutin, coniferin and salicin are 
])resent. The secretion has no action on phlorid/iii as 
in the case jif Maja, and Ptati/ra rein iiivi^sti- 

jrated hy ('.iaja*. 

The ainvlolvtlc eii/.yine acts best in neutral inediinn 
and liJis its o])liiinini bMiiperatiire at 45*C and its tempe- 
rature of destruction at b2‘*C. A coiiipariso’i of these 
results with those obtained by Yon^ie* in the case of 
Nephrors is interes'in.tj. Nephropsi li\es under colder 
conditions ami yet its aniylolx tic eti/yine has its optiniuui 
temperature at 57 *C and its temperature of <lest ruction 
at 7S®C. 

Our limlin^s aLjree with those of Vou;^ '" in that there 
is onlv a “tryptii*" ]»roleolvtic cu/.yiiie. We were unable 
to detect aiiv trace of a "peptic” typi- contrary to the 
finding's of Krukenber;;;*. Tliis jiroteolytic enzyme acts 
best in an alkaline medium and has its <i])timum in a 
medinm of N/2<) Na, CO„ as in the case of Nrphropn 
and CarcinuH investij^atod by Vouj^e* and Roaf* res- 
pectively. 

The lipolytic en/vme exhibits tlie usual reactions, hv- 
droli/.iu^ a larvje number of csl«'rs ami (Miiulsions of olive oil. 

Departiiu'iit of Zoolo^ry, A. R. Reildy. 

Aiiiiaiiialai Thii\a*rsity. K. V. Ri-ildx . 

4. 1. 57. 

1. liicilcrman, W. uml Morit/ (IS‘W). "Re'.tra^e Zur 
verj^leicheden l’hvsioloj»ie dcr N’crdauuii^. l.-l’bcr eiii 
eclluloscltiscmles linzyni in I.ebersckrc, tier Schiieckcir’, 
Arch. grst. I^hyaiul : 75. 

2. ('liaja, J; (l'>tC) "i'ermeuts d<*s (ilucosiile.s el des 
Hydrates di* CatboiKS cher Ics Criistaces Marius", C. U. 
Soc. Pin I ; HI. 

3. Voni'e, C. .M ; (I*^2^), "The niecli.'inisin of I'ecdimj 
Dij^estion uml Assim latioii in Nephrops nnrre.git:UH'\ 
Brit. h'.f per Biol ; /. 

4. Riedcriuaii, W; (TMOll). "Die Aiifuahiiie, V^cr ir- 
beitunj^, and .Assimilation dcr NahruiiK", Hatulb. d, vergl. 
Physiol ; II. Wintcrteiii. J, Jena. 

5. Roaf, II. Ix ; • The Hydrolytic iCn/.yiiies of 

Invertebrates", Bioch, Journ \ .V. 


Oblaiiiiiifr an opportunity to examine four feeble minded 
boys 1 tried to fiml out if memory bore any correlation 
with accuracy of observation in their ease. A few years 
back I tested a number of normal adults and found a posi- 
tive correlation fil moderate value between their memory 
and observation. (The result of that iiivestiKation was 
reportcil to the Iiidiun Science Coiij'i'c.ss). 

In the present .scries of exjieriments I have tested four 
distinctly feeble-mimled bovs, A, P, R, and S, of aj*;es II, 
IS'O, 1 1, and I 1'5 years respectively. Of these A is a Panjabi, 
P a Phiropean and R \ S Heii.nalees. All of them come 
from apparently normal, wcll-tu-do parents of ^ooil middle 
class. A and P were exainineil only twice at interval of 4S 
ours. R ami S were evamimil for six consc'cutive <lays ami 
once a.! 4 ain after a month and a half, durin,!> which ]ieriod 
they were tjivcii srnm ttaining. The I. O. was determined 
in each ca.se with the St iufonl Revision Scale ami its Hindi 
ami Hcncali translations. 

Memory of these uniups of bfiys was teslc«l with senseless 
ami lueanincful .syllables by the ‘learuiuj^ proces.s’, \ccuracy 
of observation w;is testcel bv cxjiosinc for about 1 .seconds 
caiefiilly sclec'.eil picture c.ards containiuj.j four to six .clearly 
distinguishable ittuns forming; a ilermiti'. iiot-too-uiifamiliar, 
pattern. The time of pre.sentation w.is ri*j;ulated with 
Hose’s electro- in a,** net controlled exposure apparatus. 
Correlation between the mean values of the score for 
memory and that for observation was calculated by the 
Pcai.son’.s Proiluct Method. .A t.'ichi.stoscopic i‘x])ci iimnit 
was perfonne I to determine the ranj^e of attention, bora 
comparative -study two normal boys of aj»cs 10 ami 13 were 
similarly esamiiUMl, 

.All thc.se exia-riments and ex.nninations were caiiicil 
out in the laboratory of P.sycholo_iry with kind jieniii.ssion 
of Dr. <*.. S. Ihise, ln-..il of the dcpait incut. 


,Subj. Cl i 

I'ei-bh- minded 

1 

Aprs; 

Normal 

AI T 

I. (1. 

4.S 4ii .S.S U) 

; 82 

SS 

Correlation 

+ •2 ! 2 — 'LS -1-3 

i 

i-(.5 

Attention 

21% 2\ ^% 22-2% 22-3ft 

1 J2-bJt 

.10-4% 


Results: (1) Thi*re seems to be little correlation between 
memory ami obscrv.'ition in ease of feebh*- 
minded boys. In case cif normal boys there 
is a small ])ositive correlation. 
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(2) For fc*ehl{?-illituli'(! ln>ys, iiieiiiniy scores for 
stMist?less ami meaiiinjrfiil iiialci ials arc |»iacli- 
cnlly the same. 

(3) Relatively speakiiij;, fur the fei ble mimle<l 

hoys the power of ohservallon is iiiiich less 
than that for iiieimjri/alion. Thf iiortnal 
Uroup sIkiws an average im])roveiiient f»f 
10% in case of memory ami in case tif 

olisiM'vatioii, over the other i^roup. 

( I) Practice etTect (in case fjf K ami S) pmilnccil 
an all-ronml imjnoviMiient of ahout h% onlv. 

(5) The raiijfc of attention is alimis! iilciitical for 
inenihers of each .I'ronp. 

Remarks : The data are too imulecpiate ti> draw an\ General 
coiiclnsion Tin* sn vi!^eslion ma . he hazarded 
here that mciiiorv ami oh'.crvatioii are hi»tli func- 
tions of altilmle and since the morone-^ tak«* 
little intcicst in their sin ronmliiii's oi have less 
dev(*loped coiiative ])hase of resp<insc, ihcii 
scores for meniorx and ohserv.ition are low. 
And since accuracy of ohs<‘r\atioit deni.imls 
m<»re of aclixe interest or conation tii.in 
meinoiy xvoiilil, the scoie in ca’sc* of the formci 
is proportionatelx less, .\ttentioii max not ]»lax 
so important a jxart as it is snpposx'd 1»\ soim* 
to do. 

I’svcholoi^v Lahoratorv, 

Calcutta rniversity. S. K. I’.ose 

20.12 3h 


r'ortilic /\x'iil tis ti Silwiit of I.igiiiti 

Very n*cenlly Standinj;«‘r ami lireher* have extracted 
lignin from pine xvooil with '>2% formic ai'id .it ahout liHi" in 
an atmosphere of nitroj^en. I’y four rejieateil *'\tractioim, 
extending' over 1 5o Inuirs, onlv ahoiit **()% of the liiiiiin 
could he dissolvcil out. The pi mluct ap]»caied to he none 
or less Inimo^roncons as n-^ards mctlnixvl xahie andC, 11- 
content. Rv the crx oseojiic metlnnl in dioxan the nnd. xvt. 
of the lij^nin xxas foiiml to he ahout H)0i). 

This low li;»nie for the iind. xvt. of lignin fiom pine xxoiul 
appeared to he lii^hly inti'rcstinjj in viexv of tin* fart that 
other insvestij'.'itors inehnlini; I’l endeiihery; ami rn xvoikcis’ 
and Klasou’ obtain mI niindi higher x’aliies. In a series of 
]>apers piihlished in the Jottrmtl. of tin* Indian Chemical 
Society (r)32 3.S) the author has slioxvn that the mol. x\t. of 
jute lij^nin is .<.10 or a fi^inre very near to it. It xvas Ihcic- 
ft*rc Ihonjrht worth whiU? to see if a siinihir li>;nre e<iul<l he 


oittained for jnte-li;;riiiii xvithout nsin^ liij;hly eoiu'ciilralod 
mineral acids for its i.solation. 

I'olloxxinj^ mainly the proceilnre of Stamliiij^er and 
Dieher a Simple r>f li^tiin has h'-cui ohtaineil from ]mrilii*d 
jiile, which has unite dilTeieiil •, riipi-rties from tiial hy 42 % 
IICI at low lemper.ilnre. It is deep htoxxn, xvliile the IICI- 
lijLfiiin has a hh*ht rosy colour. I'nlike IICI Hjuniii, xvhich is 
iiisoinrik* in all iiieili.i. it is liii^hlv solnhh* in .leetone, jilacial 
acetic aciil, ami caustic alkalis, ami partlv solnhlc in ehloro- 
form, elhxl and iiiethvl alcoliol. It reilnees l'‘ehHnj'*s 
solution xciy reailily whih* the formei iloi-s not. The iodo- 
form yieldin:{ x'omplrx how ex ei is present in it as in IlCl- 
lit>niii. As in the ease of ]Min* xxood, only a part of the 
total lit^nin coiiM he exliai'ted even hx repealing' the 
operation several limes. 

(Jnantitative filtci pa]u*r xv.is lrea(i-d xvith foimie acid 
iimli-r iileiitic.il conditions. A li.nht hroxxn exliai-l was 
ohtained. xxhich, xxln-n ]>onred in a I.ir^e volniin* of xxater, 
.i;avc a precipitate, 'fliis reduces I'chliiij^'s .solution, as also 
the rcsidm* left afli’r I'ompictc c\:i|ioi ation of the hirmic* 
acnl from the tlltrati*. Tims, the nn*thoil is iml ficc from the 
• ihjeclioiis laiscil hy Ililpcrt ami I.illinann' to the use of 
mineral aci«ls Dr the isolation of lioiiiii. 

.\ eomplete analysis of the lijL;iiin oht. lined fioiii jlite hy 
the foriiiii* ai-id method is in ]>io;;u'ss. 

Mx ,v»ratetnl thanks an* dm* to inv stccim*il colle;i;'ni*, 
Prof I) C. Roy, M. Sc , foralloidint' nu* all l.ieihtics for xxoik. 

i'lictnic.il l.ahoi atoi y, Piilin Rchati S.itkar. 

Vitly.isa};.ir Cidlej^c, 

C.iUaitt.i. 

Hi. 1. 3i. 

1. //cr., /.T), iru, 

(.'fl f uhfst^ (’ht'uiie, IJ, 2»iC 

.C //cr, /;7, .402, P>>}. 

-I. !ier.h7, 1:S1, 1.'>SI. 


I^svchfitinulMii* Ttvut incut 

tin 2olloi the last Noxi-inhcr issin* of voiir esteemed 

jminial x on have rcfci |■|■^1 In a note in the 5?c/c/i///ic 
American re^^ardin.” iisvclioanalx tic ti c.itnieiit emanating 
fiom Dr M\man. As I .ini af i aid tli.it tin* c\ti;ict is likely 
to produce an nnf.'ivoni.iMo, not to sax unfair, impres.sion 
in the mimls of xour re.idi*is ahout the ellicacy of 
psvclimimilxsls, I l.ikc the lihertv of si-ndin^ yon the 
folhixviiiR lines xxilh the iiMpicst that xoii xxill he kind 
(*noii,x>h to piihlish Ihcni in the next issue of yoiii journal. 

I. P.svehoanahsts are not so nineli devoid of common- 
sense as to claim that “if properly Ireateil all cases of 
mental diseases can he cnied xxith its aiil." 
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LETTERS TO THE EDITOR 

2, It is really a womlor that a physician of Dr Ilyiiian’s 
eniiiience lias never heard of such an important event in the 
history of psychoanalysis as the iliscovery of the ttietho<ls 
and teeliiii(|iies of child analysis. If he dhl, he would 
ceitaiiily not have iinule those remarks about the ajje of the 
patients that he has unfortunately d<me. Hxcept the congeni- 
tally feehle-miiiiK'd and those in whom senile tlecav has 
definitely set in, psychoanalysiB can he and has been applied 
with K»u»d r<-sults. A look at Melanie Klein's authoritative 
hook on the subject .'iinl a visit to a neij;fhhonritij{ cliild 
clinic by Dr Hyman wonhl certai.il> make him change his 
mind rcffardin^ the a^e t>f the analytic patients. 

.k I am in full ajjreenient with Dr Hyman when 
he says that psychoanalysis is a very costly method of 
treatment. I\vclioaiialysis undoubtedly re(|uires much time, 
l>atience, and money for elfcctinj' a successful cure. In 
India the cost aoiiM certainly be much less and possibly 
not more than what the avt ra>;e man ha.s to pay now- 
a-days to the <loctors and the various chemical examiners 
for the treatment of physical illnes.s, if it is just a little 
complicalcfl. 'I'liat the pofir man canifot alFonl to pav 
for the iiptodate niethoil of treatment of physical mala- 
dies is certainly a fact but it is certainly not an argu- 
ment ay^ainst the utility of the modern therajH'Ulic ]>ro- 
cedure. Similar is the case with psychoanalysis. 

4. Kef.' fence lo a .statistics of 4.5 cases for the support 
of an arj;;ument, when mort! elaborate and authentic statis* 
tic.s are obtainable, is mttch like ^ l**'^*! 

name in order to hanj; it. A perusal of the reports of the 
Hritish, Herlin. Vienna, Chica;»o, ami other psychoanalvtic 
institutes and oct'asioiial references to the journals pub- 
lished uiuler the auspic.'s of the Internation.d I\vclio 
analytical .-X.ssoeiation will proviile Dr Hyman with much 
fuller .statistics than he has been able lo coll ct. 

The reader of the iih.stract published in your journal 
will never realize the immense .services that have been 


renilered by psychoanalysis to society by drawing atten- 
tion to the mode of development of the child mind and 
thus to the necessity of reforming the current ideas about 
the proper method of education. Prevention is always 
better than cure and psychoanalysis has shown us the 
way which, if followe<l, is bound to lessen the chance 
of the onset of mental diseases. 

May I point out to you, Mr Kdilor, in conclusion 
that erroneous, imperfect, anil .sometimes definitely inischie- 
vous views regarding i)sychoanalysis are very common and 
that they are likely to produce more immediate evil effects 
upon the indivtilnal and the .society than an erroneous view' 
about phy.sical universe. It is the duty of everyone con- 
cerned to combat such views and I sincerely hope that you 
will fully co-o]}erate with the members of the Indian Psy. 
choanalytical Society in the task of spreading correct views 
about p.sychoanalysis, especially in cur country. 

I*sychology ne]>artmetit, S. C. Mitra. 

Calcutta rniversity. 

7. 1. 57 


I Our readets are very well aware that we have always 
rcgarcled psychoanaljsis as an im])ortant branch of .science. 
As in certain quarters, p.sychoanaly.sis is niifortnnately 
regarded with some partisan spirit, we thought that it 
might interest our readers to know what a non-psycho- 
analyst had to say about the cfTicicncy of this method of 
tr€*atinent. We are .sure that Dr Hyman, who.se original 
paper was published in the Journal of the Anwrivan 
Medical Associati }», had no intention of show ing psyi'ho 
analysis in an unfavourable light in writing his paper. 
Neither had we. We are however glad lo publish Dr 
Mitra’s letter in case our note had inailvcrlcntly any such 
effecl. —Kdilor, SciKNCK Ciji.TrRh| 
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Industries and Scientific Kesecireh 


I.v two (Mli(ori:d piihlislird in SriKNrK AM* 

('n;rriiK, pp. jV.H-.V.H, w<* lri<'d In oivc (»iir nsidrr*^ 
:ni of tin* or^nniztition of 

in tin* rniind l\injr<lnm in :iid nt' Iiriti^h imlii'^l ri**^. 
^riu* «‘.stMl)lislinn*in of tin* <l(‘p:ii*t innnt <»l MMcntilir 
Mild indiistriiil r(*s(*iir(*h :ind llm scitiini :ip;ir! ol :i 
Sinn id’ 1. million pounds iVoin (In* frrnsury \< in 
itscll' :i si”:ii ol‘ tin* »i:n*:il importMiici* :ili:irlicd l>y 
(lie liriti.sli ( iovernineiit :ind tin* mniiiihieliirer.'- tn 
the need of seieiitilie resenreli lor the well.'ire :ind 
future of lh'iti>li industries. We eoniniend mir 
renders to the perii.'^nl of these :irtiele'i iniisiniieh :is 
:i 1):iel\^ronnd of knowIe<li£<' ol conditions prevniliinr 
in other countries will help in ehirilyiiiLT many mis 
coiu'cptions whieh e.xist in India rei^ardinii tin- 
dcvelo])nient of fresli industries and the w<’llare ol 
the e.\istin}i ones in this country. 

As illnstralions of these mis<-oiM-eption- prevail- 
iiiL*; in this country, wv may rcler to the views whieh 
an* l)einjj advocated l»y otlicia! and impertaiit pei- 
sons that the university edm atinn in this < onntry is 
too academic ami that no higher type of rcsean h 
should 1)(‘ encouray:ed or linam ed except siieh a^ 
has a din‘ct hearimj on the existinir industries •)! 

the country. .\cconlin«r l<» <his ela*^s ol crilies, 
researciics on pure .sciem*es, such as mathematio, 
ustronoiny, atoJuie physics, etc., are a lnxni\ loi 


the eoimfry. 'I'hey inaiiitaiii (hat all scientilic men 
should spend their time in tryiiu*’ to lind out use for 
our waste products and discover new manufacturing: 
proeess»‘s ill aid of existinir industries. 

Without enterinir into the merits of (In* issues 
rai.scd, the universities miirht well reply (hat their 
fnnetion is to (rain (he students in (he fnndanientals 
of basic .'science -that it is no Inisiness of (heirs to 
undertake any work for the heiieiit of othi*r pi'ople, 
who will m:ike all the money out of their dis»*overi(*.s. 
It is therefore extremely neee*'>.'sary (hat the two 
points of view he reconciled and a joint proirramme, 
whieh will he henetieial to t III* eoiiiit ry as a whole 
and will satisfy (he critics, he I'halked out. 

We may remind oiir extremely praet ical-mind(‘d 
critics that all the arts and crafts whi<*h are at (he 
hottoni of niiHlern industries have their oriirin in 
.-.eieiitirH* <li««eoveries made within tin* last, two or 
three imndred \ears. 'I’ake siihjeets like metallurgy, 
electrical eoimniiiiicat ion ((eleucraph, (eh‘phonc, and 
\vin*less), tin* various j*h«*mical industries (maniifai*- 
(lire of drills, dyes, soap.-, I(‘rtili/er.s, toilets, <*osme- 
ti<*.s, paints, colours, varnisln's, etc.), tin* ni(*di(‘al 
industries (prepar.it ion of ser:i. \ accine.s. radium and 
X-ray treatment), fooil indn-t ries(‘.|oraue of foodstiiH' 
ha^ed on r(*fri'i(*rat ion), transport (railways, aiito- 
mohiles, and aei’oplaiies), and tin* »*ounllcss other 
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Hidilurn arts and (‘ral'ts wliicli liavr r(‘Vuliitioni%rtl 
iiKKlmi litV lint only in its iiMiiistrial Ixit also in 
iiit(‘ll(M‘tiiaL (‘rDiioiiiic, and social rclationsliips. All 
these have their t'oiindations in pure researehes i*arri> 
ed on in laboratories within the last two or thn*!.* 
inindred years. When one lonks at the niaiil y;enerat- 
in*:: plants of an eleetrie supply eompaiiy ilistribntin^ 
lij^lit, heat, and power over a vast city liki* Ijoiidon or 
Nt‘W Y«»rk, oiu* shoiihl not I'oriret that ther-e y;ijran- 
tie plants had their origin in the little iron rin^ or 
<*opper eoil with whieli Karaday worked in an nnder- 
^ronnd room near the Ih’eeadilly Square. 'The sanu* 
lhin;j: can be said of the •••ii^antie eoneerns whose 
very vastnc‘ss and ellij-ieiiey strik<* the adiniration of 
non-seientifie men. 'Flmse who are r<‘sponsibh' fm* 
lh(‘ planning .iixl the manaLrement of t)ies(> eniu'ems 
must have* a thoroimh ami smmd i>ra>|i of the fund- 
mentals (»f the >t-ien<'e mit of whi<di tlu'V h:iv<‘ 
evolved. 

^I'lie next jioint (o notiee is that seieiu e has not 
only j^iven birth to all th(*se modern arts and crafts 
but eontinnes to <levelop them. Kv<*rvtlay :is a re- 
sult (»f an obsenr<* discovery made by some a<*ad<’ini- 
cally-minded person and its elev<*r use by pra<‘(ieal- 
niind(‘d peoph'the old established methods of niaini- 
faetnre are beiiijr dise:ii‘de<l or I'adieally alt(‘n*d. 
'riiere is no room in the mod<'rn world lor any 
industry which continues t«i rely on nld, fim<*- 
honoured imMhods. 

WInai these facts are clearly reali/ed, there will 
l)e no diilieiilty in lindiii^ out the nature of the ri'al 
duty of the niiiversilies to the eomminiity. 'Fin* 
sei<*ntiliestair of theiniiver.sities will be doinjr a irreat 
disservice to the country, if they y:ive up doinuf 
resc‘:ireh on fiind.anicntal and basic problems of 
scieiieei and training np the .students under iheire.ai'e 
in the latest advancement in theii' p.irt i(*nlar 
sn])jeet. //' Ihcij hurt: In tnnlirhihv, tnni i ml ns! rial 
irorl,- it If lit he niilij stijiiilrnifitlnrii In I heir Ittinln- 
me n In I fin lies. 

[j(‘t ns e.Nplain this point of view a litth* more in 
detail. la't ns tak«* a well i-stablisln-d chemical 
industry in this country mannfaetnrimi; eliemicals, 
piiarmacentical tnTuliiets, ilye.-, etc. I'lvery manager 


of these industries is aware that those responsible for 
actual niamifat'tiire innst have a ^ood ^rroiindin^ in 
the fnndaiiKaitals of ort^aiiic and tdiysical chemistry ; 
wiien th(‘ir old process of maiiiifaelnre is thrisiteiu'd 
by soiiM* iH'w invention the st.alT shonhl have the 
requisite* knowl(‘d»^e and outlook to devise methods 
bn* mec'tinjr tin* <*om|>eliti«m. How can this be done 
if their stall* do not consist of men who iiave biH'ii 
traiiKsi by prt)le.s.sors who are directly enjj:a<;eil in 
hi}j:h -class research work ? 

The* wisdom of this maxim is illustrated by the 
pr:i ‘tice in all (lerman industrial ('onctTiis wluTe 
they preler a IMF. i>. trained under a distiny;nished 
university profe.ssor tn a diploma-hold(‘r from a 
technical hi;>[h .school. Th(*ir ar^iim(*nt is that a 
1*11. P. (‘an pick np within a short time tin* routine 
proc(‘ss i»f tln‘ir maiinfactiin*, but they want from 
him m*w id(*as whi(‘h they can iitilizi* for improvimx 
th(*ir own position (»r reircnei’aliii”; their old proce.s- 
•hcs of m iniifa(‘tnr(‘. 

It. tIn‘r(‘lons ap[>ears to ns that those win* are 
advocating: diseonra‘j;(‘ment of pure n*.s(‘arch in the 
nniversiti(‘s art* doini>: a ^rt'at dissia’vicc* to the coini’ 
try. If these ideas are iriveii (‘iVcct tiN they will 
r(*snlt in a low(*rin^ of tin* sta'ndard and ultimate 
im*niei(*ncy. We advocate a middle* coiirsi* : d'he 
industries should snpjilemenl nniv‘*rsily liiianct* by 
jLcivini; subsidiary irrants which will be spent lor 
indii'^trial re.s(*arch work nnd(‘r etmipetent prob*s.*.ors 
by a .stall* of re.M*arch fellows and slmlents wlio have 
the reqiiisitt* knowled^rci mid trainimr in their re-^iiee- 
tive seienec'i. A* the present time, all nniversil ii-^ 
are liirninLj out snrphi.N science graduates, wln» ha\f 
pn>ved .-'tunewhat enibarr;i.‘*siny: !»» the ( b»V(‘rnnieiit 
and the public. 'Fhe best way tmt of this position is 
to employ them in imlnstrial n*.seareh which will be 
beiielieial lt» tin; country. 

A very line e.vainple in this directitm has recently 
been set by .Messrs Sre(*l brothers (»f London wh(», 
beinii intereste«l in the e.xlraction of petroleum in 
the Punjab area, s(*enred tin* co-operation of l*rofe.s- 
.sor S. S. Mhatna^ar, Mead of the (.'hemistry Depart- 
ment of t he Punjab I biiversity, and j^ave him linaiK’ial 
support by making y;rants for a i)i*riod of tiv(* y(‘ars 
at tile lirst instanet*. I'his (*nai)h*d Dr Hhatnajjjar to 
carry on his re.search work on p(*troh*um with the 
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lirip of :i. sIjiIV «>!' rcscurrli jKiiil mil i»r 

ilirsi* Messrs Steel Iiriilli(‘i'< li.ivr imw 

inere.'iseil :in(l exteiuied these iir:iuts Inr miotiier 
period of tive years. We (|iinte Iwlnw Miiin‘\vl»;it ill 
detail, tin* <*<HTe>pnn<h‘ii<*e tlial iias-.ed lielwcm tlie 
(*oiiipany on lli<* one lian<l and Pruf. Iilr.it ll:l^’:lr 
and tlie Piinjal) I’niversity on the oiln*r. 

Kxfraet fro'ii letter d.ded It»th Aiimi^t 
rr«nn Messi-s Steel Uros. A- ( ’n Ltd.. Li»n«hin, 
to tin* Vi<‘e-( 'haneelhii*. Ihinjah I ’niver>it • , 
Lahore. 

Snhjei't to <*erlain I'onditions ^v^■ have airiceil to 
place at the dis|)osal of Prof. S. S. I ihal iia<^ar, a >mii 
of nioin'y for rese:ireli work on petroleiiin :iiid idlied 
siil)j(*ets \vhi<‘li will he paid in eiinal in^talimMit'- 
over a period of liv<* years. is i»eiii«j; doiu* in 

I'ei'o^iiition of the ahility of Prof. lihalnaL*ar in 
solution of e(*rtain prohleins er>nnei‘ted with nind 
:ind oil and tin* r(‘<*oinniendation of onr repre>enta- 
tives who havi* seen soniethinij: of the e(|iii|iiie*nt 
and type of work whii-h is hein^ doin* at the I'liiver- 
sily ('lieinieal Laboratories. 

Salaries of research assistants 

W’orkin^ on the petroleiiin prohleins 

l\s il.iittt) - per annnni. 

< *heini<‘als and .Vpparatiis 

„ d.tMHI - „ 

I loiiorariiiin to Prof. Ilhatna^ar 

.. (i.OtM) 

Ii*s lS,tJI )(>-,. 

Us lS,litM) A Us -. 

In addition to this we will pay the salary and e\- 
|ienses of a fully (pialitied Uriti'-h pelroh inii <*henii''t 
who would I'elij-ve I )i' l$h:il iiaLi'ar o| the labora- 
tory routine and detailed work eoinieeted with 
the in*w deparlinent. This is eMiinated tti eo-t 
UhtMM) to PJ.tMH) per annnni /'. r., .“)lt.t)tM) to tltt.tMM) 
in live years. 

'Pin* results which in onr opinion jn>liry tin* 
takiiiy: up of patents will he exploited by n>. 
and sin'll patents will he jointly in the n.-inie of 
Steel P>ros. :ind Dr Pdiatnajiiar and or hi> cheniiM-. 
We understand Prof. Pdiatnaear propi>ses to >pend 
a larjxi* ta'irtioii of any prolits for the enciiiii'aire 
iiient of industrial and eheinieal reseai’di in yoiir 
jirovinee under the aii'-i»iees of tin* Ihnijah t ni- 
versity. 

I'Alrai't from Ie 1 i(*r dated I.S.ilti Ironi 
M(*s.*^rs Steel I'ros iV ('o. Ltd., London, to 
tin* \'iee-( ‘haiieellor, l^nljah Lnivei'^ity. 
Lahore. 


.Vs a resnit of Profes>or Uhatna*>;ar*s visit to 
this I'oiintry and onr di-eii^'-ions with him in 
eonin‘<*tioii with tin* work whi<*h is heiny; earrietl 
out under tin* -ehenie inaiurnrated in yoiir I’ni- 
versify in IP.’II. we hav<* the the |)le:isnre of 

ailvisiny yon that we are prepared to extend tin* 

si'heine for a further p<*riod of live years from 

the expiry of tin* proent arrangements. ^Phis 
will yive the sehi*ine ten y<*ar>’ life ... 'Pin* 
Punjab l’nivei*sily will thus he a'*Mieiate<l with 
industrial d(‘velo]>nn*nt for a lony period. 

As from Kl I)ei*emln*r next, we propos(> to 

increase the amount payable by iis under the Ajiree- 
meiil dali*tl l*.?lh ()eloiM*r. P.Kl I (( 'laiisi* o) from 
Us siHt - to Us Phi/ p. 111., this money is t«» hi* 
utilized for inereasiny* the pay of the research 

;is>ist:ints. 

W'e will make •suitable arrane‘r*nn'nt for the 
nieilieal atti*nlion of tin* assi^taiiN with ime of 
l/ihort* doctors. 

Prof. Uhatnayar ha> snyyested that in order to 
t*on'solidate the s<*heme and yive ade<|nale protect 
tion to their roe.ireh workers, :i Providi*nl P'lind 
.•‘hoiild be in-(itnted. We ari*. ther(*fore, .•lyreeable to 
start a l*'nnd b)r these w'orkers. Prof. IShatnayar 
has sny:y:e>te<l that this l^rovideiil h'nnd could 
well be operated iiinh*!* the Ueyistrar of the Lni- 
ver>ity aeeordiny to ii'siial riile-i and praetii'cs, in 
which ca'-e the I’niversily would pay the intei*est 
earned on siich fiimU. 

< ‘ompared with lii'iires of Us l.'iO.tMIt) triven in 
onr letter of Imh .\nyn>l, iPlJl. :is the (*sliniate<l 

cjiM of tin* s<*henu* to tin* <‘onipan.v, we <*.stimat<* 
the total cost to the company on the r*\teini(*d 

pi*rioil will be approximately Us IDP.IM)!) which 
inchnies payment of salary and exjienses of a senior 
l'jirope:in e|H*nii>t winnn w«* have decided to post 
at l/.ihore. 

We led that the results of the >(*lieme under 
the .able iliieetion of Pri»f. Pihafnayar will even- 
liially pr(»ve not only of i*onimercial value but 
also of •rcin ral sci«*nlilic valin* to tin* acad(*niic world. 

Lxiract from h*l|ei' dated IS. IJti from 
Prof. Pihat iiayar to tin* Vic<*-( Miancellor, 

Punjab I niversily. Lahore*. 

1 have e\a*ry hope that this >cheine will be- 
come a pernianeiil feature* of onr activity if in ten 
years snme of onr pro(*e-.ses are ado])t<*d by either 
r\ imtrie- and l)n'-iness oryani/.ations. 'Pin* eipial 
share* eif tin* I'nive*rsiiy in tin* blt'Cy royaltie*s 
payable* to nn* in <*asi* a proe*«‘ss is leaded out or 
seihl tei any linn olln*r than St<'<*l Uros. m:iy 
briny; -onn* nnnny tei (In* rnive*rsily within (he 
ne*xt fi*w ye*ar':. 'Phis is of course* a matter of 
e*h:iin*e' but prob.ibilit ie*s .see*ni tei be* yrowillLT. 'Phe*S«* 
nioiiie's will be* >pe*nt by tin* I nive*i*sity as de*.sircd 
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liy iiH* for (‘iicoiirMi^in^ :iihI soioiilifir. ro- 

scnrcli iiimIci* flu* jHisf»i<*(\s of iIm* I 'iiivorsity, 

|>:irti<Mil;irIy with m viow <o rclioviiifr InmiMnify of 
MilT’oriiij; from discMso. 

Ill my noiroli.itions with Messrs Slool Ih*os. I 
liiivr trinl to Im* sc‘Illoss :is you will no *loiil)t 

:i|)|)r(‘oi:ilc, I li:iv(‘ not tnkiMi mlvmilMLro of tin* 
siMMTss of n*s(*;in*li r:iiTif(l out in my l:il)or:itorios 
by n^kin^ tin* liriii to im*n\‘iso my (‘moinmonts. I 
li:ivr on tlm otluM* limiil proposiMl tiint any mlili- 
tions to tlirn’r (‘ontrilmtions sliouhl to lionolit 
tin* n'S(*an*lH*rs and to put th(‘ rosoaroli srlioiiio 
on a mon* iionnaiirnt footing:. 

above eorrespondmiee yrives in some di'tail 
an aeeoimt of th(‘ reeent individual researeli poliey 
of the I^mjab I’niversity. It will be clear from 
this (‘oiTespond(Mic(' that the (‘ompaiiy has b(‘en alive 
to the fact that industrial and pure resc^areli must 
iro on side by side, and the former (‘annot prosper 
without tli'‘ aid of the latter. M I's^rs Sle<‘l Uros. 
hav<* <lone w(‘ll in realizine; that nseareh in 
.‘ipidied seieiiiM* will be wrecked wIkmi divorced from 
|mre science, and tin* monetary ii:ranls made liy 
them to Prof. Phatna^ar is a clear indication of 
tin* ^n*at importanci* they atta<'h to the latter. 
.Vttention of the reader is fiirtln*!' inviteil to the 
noble (‘xample of iini((iie jjencrosity ainl seltless 
devotion shown by Dr Phatnajrar. It is nnpn*- 
cedi'iitcd in this country and comparable only with 
the similar attitude of sellles^ness on tin* part of 
Dr K. P. Ibmx wln» niaih* «iver t<» the Pasteur 
[iistitiife the < )siris Prize valued at 1’ I,tMMt awarded 
to him for his discovery of the anti-dipt ln*ri:i 
serum. Xoothei’ <*oimtry is so min*h in neeil «»f 
enconra<;(Mnent in industrial resear<*h as Iinlia 
wiiere the closest <'o-oper:it ion of si-ience and 
industry is nrjienlly called for. 

^riie example set by Messi's Steel Pros, and 
Prof. Phatiiajiar should serve as a iinnlel to the 
industrialists of this (‘oiintry. Inst(*a<1 of indiil<;iii^ 
in irresponsibh* criti<‘ism of the activities of univer- 
sity tcat*hcrs, they should try to enlist the lielp of 
university professors and their research scholars 
by y[ivinjjj nthltliuHttl irrants to universities to be used 
for industrial ri'search witii tin* help of surplus 
jjradiiates. We are not jiw.ire that any Indi.in linn 


has so far come to the aid of any Indian 
university by y:ivin«»: res(*arch grants from 

its fnniis, thoii^rli many of them are in a position 
to do so. Wi* may mention in this coiiii(*\ioii a 
paniphl(‘t issiu'd by the Presiilent of our Associa- 
tion, Sir P. (*. P ly, wh > advocated a similar action 
«m the part of Messrs lk*n^al (Mn'inical and Phar- 
maceutical Works of (\dcntta. It is just forty-four 
yi'ars aj^o that Sir P.D. Pay, then a subordinate jiro- 
fessiir of (^lemistry in tin* Presid(*ncy (^)ll(*J^e, 
Dalcntta, started the P. ( ’. P. W. with a capital 
of Ps Sl)l)/- which he collected out of the savinyjs 
of his small iin*ome. To-day, this has ^rown into 
a jfiaiit concf*rn with total assets amount in^ to 
half a crore of rupees and employing a larjie 
number of trained (‘hemists and skill(*d labonr<*rs. It 
has done a jrreat and iiniipn* s(‘rvi«*e to the ^■onntry 
by prodiicin;: maniifa(*tiire of drills and cln'inicals 
on modern liin*s. Put we must not for;j:(‘t that what 
the Penpal (.'hemical is to-day is mostly due to 
the sellless dc*voti«ni of Sir P. i\ Pay, who has 
been not only the promot(*r, expert, and initiator 
of id(*as but is also its best salesman. If In* 
de(*ided to k<‘ep a reasonable share of the pi'olits 
of (he mana^in^ ilireetor, tin* amount would have 
conn* to no less than Ps lo lakhs. W hen, therefore, 
he issm*s a plea that tin* direct «n's of the P.(\P.W. 
should hand ovc*!* an (‘(|nivalent sum of money to 
the I ’niversit<‘s and to tin* hospitals and clinic's in 
the c’onntry for aiding scient ilie r<*S(*arch, it should 
be tin* duty (»f the dii'cctors to meet his wishes and 
devise nie(hod> for tin* pmpea* administration of 
thes<‘ funds. W <* commend the directors to a pr(»per 
eoii'^idcrat ion of (he terms of ayireeineiit betwec*n 
(he Punjab rniversity represt*nted by Prof. Phat- 
nairar and .Messrs S|(*el Pri»s. '^rhe re«|in*st ol Sir 
P. ( ’. Pay, (hon«»:h made* ap|>arently to tin* P.D.P.W. 
only, is ji^eneral and can In* applic'd ccpially strongly 
in tin* case of I'vcry indnstrial linn of (his «*onntry. 
Kv(*ry indnstrial organization in India on^flit 
to realize that it is hij^h tinn* now that a c'losc* c*o- 
operation between science* and industry existed. 
Scicntilic industrial n*scarch very rarely receives at 
present all (In? cneoiiraj!:ciin*nt which it di*s<*rves. 
and the country must wake up to its call without 
further delay. 
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Diseases of ihe Cereals 

'I'Ih* loss to tin* \V(mI( 1 due to tin* “nist” 

(lis<*as(‘ of wliejif is about bO cnircs nf rupees in 
\vlii<*li India’s slian* is about I i*rin‘i*s. Then* an- 
tlireo kinds of rusts — black (dark brown) rii>t 
(FHrrhn'u ffninnutis), yellow rust (/! tilniinniini), 
and orange rust (/'. Irilirlmi), 1’'lir oraiiirc and 
yellow rusts app<*ar <-arlier tlian the black. 'Their 
oiis«*t is first marked by the eni|)tion of bniwnish 
pustules on the leavesjeaf sheathes, aiidstalks. 'I’hese 
piislnles very soon burst, (‘xposiny; a rusty powd<‘r 
(iiredospores) which blows about in the air and 
infei'ts other wheat plants. Later in I la* season often 
the same pnstiih's become black due to the forma- 
tion of thiek-walh‘d s|)orts (lelento.spores) whi<‘h 
iimhu'^o a period of r«‘st and «!;<‘rmiiiate on the 
return ol iavoiirable conditions. Ihit the products 
«»i tln*ir ^'erniinat ion eaiiiiot r<*-inb'et the wlieat 
plant. In foreign countries th<*y i^row on an :dlcr- 
nate host which in the case nf bla<-k rust is barbcr 
ry. On barberry they product' yellowish sptu’cs 
(accidiosport's) in little cups and these have the 
p«>wer to infect wheat plant and pi'odiicc the original 
symptoms. In the plains of Indi:i the alternate 
host (barberry) does not u'l'ow and the brownish 
I’listy iiri'ditsport's cannot withstaml the summer 
heat. No satisfactory explanation of their aiinnai 
r(‘euiT(*nee has yet been j^ivt'ii, iml a pos^ilile thetiry, 
based on I'xteiisive observatitms, has been propound- 
ed. It is said that in tln’ plains tin* di'^ea^e 
is caused by the ni*cdo.-^pnre> blown tlowii fnun the 
hills wln»r<* they oversumim'i’ in the cooler tempera- 
ture. Tnalospores of a particular rust have* been 
eanjrlit from the air well Iwl'ore its appearance on 
the crop at the locality. Livinji: spores have ai-tii- 


ally been found :it various :dtitii<lcs on self-sown 
plants and tillers dui’ini^ tilt' months when theix' is 
no wlieat crop. 'Tin' yellow rii'-t has been ft»nnd t«» 
snrvivt' at .Mnktesar (S,t)t)l) ft), tin* brown rust, to 
ovf'rsiimiiK'r at . Minora (o. |IM) ft), and the blai'k rust 
to di> so ('Veil at lower .altitude.- (vktHM)- l,()t)t) ft). It is, 
tlu'refort', I'lt'ar that if wheat lailt ivat ion lu' stopped 
in th<‘ hills wln'i'c it is only about of tiu' total 
area aereay,e of this crop in India, for at lea-t i» years 
thi'H' will b(‘ no wheat |>lant there to harbour the 
p:irasit(' in siimim'r for its anmial exodus to tin' 
plain.s. No direct method for tin' treatment of rust 
is known, and practically the only way is to intro- 
tliice rust n'sistaiit varieties. 

Anotln'i* iinport.ant disease of wlii'at is known as 
the loose smut (Fstihnjn tritiri) where insteail of 
the normal car the inict ted plants show’ <‘ars with 
black powdery ma-s whiidi, when blown olV, leaves a 
ban* stalk behind. ()rdinarily tin' damage varies 
between I -It)"/, but :i serious oiitbi'i'alv in the 
dheliim canal colonies showed as much as in- 

fection. '^Tln' parasite lives within the irrain and tin' 
iiioi-t satisfactory nietlmd of eont rt»l is to soak the 
.-e(*d grains for HI minult's in w’ater hot ('iioii^h 
to kill the parasit(' without seriously injiir- 
in;r tin' seed. In many |)art.- of India, wIk'I'I' tin' sum- 
mer lempt'ralni'e in shadi' l•eaches as hijirh as lir)°h\ 
the water may b«‘ lu'ati'd with sun’s rays. 'Tin' bunt 
{Tillrliii) disease of wheat is not easily detected, 
Iiec.iiise tin' disi'ased eai’s have the out w.ird appt'ar- 
ance <d' normal ones, but if tin' grains which are 
slightly darki'i- bi' broken they an' found to In' tilled 
W'ith a black y;r('asy spon' mass strony.iy smelling ol 
rotten lish. Durinjj: thi'eshini^ the elVi'ctcd grains 
jrct bn*ken and the spores adhere to the clean grains. 
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W’licii till* scMsIlinir rallies mil tlwy iiil'crl it. live* 
willi tiu' |>l:iiil, Mini wlicii tin* cmi's Mr<‘ I'oriiii'd llioy 
iill till* m’Miii^ willi lln‘ lihrk himvs. Tin* ini>sl 

clViM'livr I I'l'Mliin'iit Is to <lip tin* m‘ciIs linforc* snwiii^ 
ill ritlliT M '1% Snliilimi nf ('n)i|i(‘r '^lllpIlMlo ni* A fV' 
.•>011111(111 (>r tnniiMliii ill wmIit. ('nn* .••IniiiM lx* tiikoii 
lo Mvoid coiiImcI willi limit '•pores ;irtcr lliis opem- 
timi. ( )!' (lie tliri'e •>p(‘ei('s ol' limit, known to :i((:i<‘k 
wln‘:il, TtllrlHi tHthrn is reslrieled lo (lie cooler 

region.- oi' 1 lie plniii.-. Mild in Kmi'iimI is r<‘.>ponsil)le 

for mIioiiI dMiiiMiXc, wliile (In* o(ln*r two 

rttris Mild T. I'nrit Its) ;ire eoiililied to (lie liortll- 
west liilly (rneN Mini cMii.-e mIioiiI .‘JO ltl"y iImiiim^i* 
in'Mr tin* Siml;i liill.-. 

.\moiiij tin* iiLseel-, llie urM-sliopper wliieli eiils 
otV llie wlient plMiil< iicMr llie ^romnl is wide.-'prend 
in niliMi* Mild We-l l>enL>':il. Iieiiiir mor(* fre(|in‘nt on 
“I'Mlii” rrop. If serious, tlie whole Held liMs to he 
resown. 'I'reMtiiieiil eoii-isls of liMi^nliiii' the iiiseels 
and killing them. Aiiotln'i* method is to ;i;row wln*at 
mi.\e<l with iiiiistMi'd which serves M'^ m “trap erop**. 
Miistanl jirows (jiiiekly and attracts tin* in.sects 
and can afterwards he weeded out. 

15:irley is attacked hy lln* same hlaek and yellow 
rusts that atlaek wheat hiil tin* forms irrowin}j: on 
harley <‘aii not infect wheat and rirc-rcrsii. '^fhe 
loosi* ■•milt of h:irley is siii)il;ii' 1 m that of wln*al and 
treatment is also similar. Oats are infected hy 
sinnt which is present everywhere ; at Dehra Dun 
alxail oiie-teiitii of (In* crop is aiimially los| from it. 
'riie symplonis are similar lo tlio.-e on wheal, hnl the 
covering over the powdery m.iss remains for a loiiy:- 
er time. Treatment with W formalin is f|iiite 
satisfactory, and an e\perinient sliowe*! that it 
rediK'cd tin* di'-casc from I plant in every 10 t«» 1 in 
e\'ery 1,700. 

dowar claims :i latal ai'(*a of _?! miijioii aere.s in 
India, and the smut dis(*:ise (Siihinrhithrm sunjhi 
in which tin* individii;d •xrains m'l* t raiisfornn'd into 
inimiti* sai'^* lilh'd with a hl:ii‘k dust. e:ins(>s :i lo-^s of 
’JO-L*.') '/. . In lioinhay Presidency ahan* it costs 
ahoiit 1* er(»res of rupee- and for (he whole* of India 
the h»ss must :mionn( to .'cveral erores. ^riie dis- 


ea.se can lx* vi'ry sin*(*essfnlly prevcntc'd hy immer- 
sing: the seeds either in i% formalin for 2 hours or 
in h~.\% copper sulphate .solution for lO-lo mins. 
The l>onih.‘iy :iiithoriti(*.s. hy tln*ir propay;anda with 
<lemonstration and distrihiilion of |)aniphlets, (*reat- 
eil .so mn(‘h intenvst amon^ the enitivators that 
win*rc*as in lOlO-l I (he iinmher of one-anna (laekets 
of copper sulphate, each of whi(*h snnie(*.s for I aere.s, 
.sold was only 1,111)0, in the in*xt \(*ar the nnniher of 
packets .sohl inerea.sed to I 1,000. 'I'his niiist have 
resnited in a saving of ahmit )> lakhs of nipc'cs. 
I5y widespre.'id and conlinned n.se of this pn'ventivi* 
nn*tlnHl (In* dis(‘:i.s(> e.-ni easily he (*liminated from 
this country. 

\ very widespr(*ad dise;i.se (»f riei*, esp(*eially in 
Ivist I5enji:;il. is known as "I 'fra” :md is due to a 
microscopii* worm {Ttilcin hns iitnitisliis). 'rin* 
inset*! lies on the siirfa(‘e id' yoim<r parts and siK'ks 
out tin* jnici'. 'I'Ik* plant•^ are W(‘aki‘in*d result ini*' 
in (‘omidett* or p.irtial st(*rilily or killed ontri^hl. 
^riie loss is V(*ry jLcreat. d'ln* i*stimat(* made in a. small 
porthm (d' (In* Illiowal p.irsrana of |):n*ea showed 
that over ‘J.f lakhs rd’ rnpe(*s worth <d' paddy is 
destroyed annually. The parasio* lives in the 
<lri(*d stnhhies that are allow(‘d to remain in the 
lit'ld :if((*r harvr*.s(. :ind with lln* comin<r id' tin* (Imxis 
and tin* hi^h hiimidity id' (In* rains, (ln*y ^row and 
infect tin* crop. I)ry conditions are nnfavonrahle 
for the parasite and -o 1 he early 'an-’ crop is com- 
paratively imiinme. A diseased plot will inevitahly 
•rive di-ea.sed crop if slnhhles are .-illowed to rot, so 
it is ahsoliitely essential (o remove and hum them, 
nice is also atVeeted hy caterpillars sonn* of which 
fi*ed on leaves often completely deslroyiiiL:; them, 
.some eiit oil* the half-ripe e;ii*s at ni'i;ht', oi* some hore 
the s,.*m :ind ears are ii-.t |irodneed. 'rin‘.se are 
popularly called pnl.it. ('lean <*iilliva- 

tioii. limlitinu: of hoiiilres near the lields which attract 
the insects, :iiid ponriiiir kei'osine oil (.‘t l ipiarts per 
acre) over (he .-taiidiii^ wat(*r and tln*n shakin;>: the 
plants with lon<r sticks or ropes so that the in.-eets 
tall on k(*rosiiii> ainl die. an* the remedial ineasiires 
to he adop((*<l. Stor(*d rice is oft(*n alleeteil hy weevil 
and moth which hore minute hoh‘s in (he ^rain.s. 
'rhoroii^^hly dry conditions and fumigation with 
earhon hisnl|»hi<h* will jircveiit them, 'riie hunt 
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('n/lclift hurruhil nl* ritM* is v«Ty <litruMil( («» 

;is tli<* nii(\v:ii‘il nf 1 In* o;r;iins 

is likt* tliiit nl' tli(‘ iinriiKil. Attnitimi wms fust 

to it l)y :i (‘niii|)l<rnit rrccivcMl IVuin Itorlin 
nhnut tin* imiviTs-.il oiTiirmncc of its >i»)rcs on rii*<‘ 
iiiipni'tcd friMii liiiniKi. 

Diseases of the Sugarcane 

'Dll' most sjTinlls J»r tin* <li.’M*:iscs of |ln» siiir;ir- 
cjiiic is tlic ivil rot (t 'lillrlnfritlifiiu ftilcttfitiu) 
wliirli ill |mli:i is tin* irn‘:itr‘s| to 

<‘:iiu‘ niltiviitinii. In tin* l)(‘;:;iiiniiiL; tin* upper leav<‘s 
1)('e:ii) to litse colniir ainl droop, 'fin* iiiidril) of tin* 
l(‘:ir limy In* n*dd(‘in*<l and lilaek di>t< appear on 
tlioMi. 'riie iliseasi* projLfresx's downwanU and 
lilt iiiiately tin* wlmle stool is alVeeted. hi had easi-s 
little or iiotliiii^ of tin* erop may he l(‘l't iindi<<*ased. 
Diseased eaiies in yoniijji; eoiidit ion. it* split open, >lio\v 
an unevenly r(*ddened <*nre near tin* hase and irive 
oil’ a sour smell. IJedness may he due t»» several 
eaiises hut tlel’uiiti* red hloteln'< with trau'*versi*ly 
eloiie'ated white <‘entre is quite eharaeteri.-tie. In 
the mature eondition the disea><*d <*ane' dry up. 
Ix'eome diiiy red and liLllil in weight, iret easily 
hrokeii, and eavities appear iii'^Ide, whieli h<‘<*oni • 
tilled with <‘ohwi-h-like threads. "I'he jnii*«‘ tails to 
ery>talli/e. 'I'ln* di>ear.e reeiirs throiejh tin* um* «»!’ 
diseased setts which every year liet'ore plaiitinji 
''hould he examined lor redness. Uottt*ii setts, 
partially inreeled eanes and dehris, it* allowed to 
li'inain in the lii’ld, heeonie thesimreeol inle(‘tii>ii 
:ind should he hiiriit. Kat«)onini: should h«* stopiM-d 
and lonsx rolati«»n of .ihoiil o y«*ars should he prae 
tised. 'The di'‘ea'‘e is eommone-^t «»n the thick »!ava 
ainl Maiiritimis eain**'. 'riiin eaiie> an- more re*'is- 
tant to this hut nn»re liable to he att.-n'ked hy tin* 
smut tlisease and the \iehl is poorer. Ureediiiix 
thick resistant canes is jiossihh* hut their immu- 
nity is temporary. If proper precautions are not 
tak<*u the ilisease (‘oiitiiiues yt-.ar alter year with 
progressively iiiereasine; aeeiiimilatioii until c*pi- 
d(*mie severity is r(*aehe(l and enou.i>li lieathy setts 
lor tile in‘.\t crop may he iinohtainahh*. 'I’his actu- 


ally hap)u*iied s<iine time atro in the ( h'davari delta 
:iiid some parts ot* liih.ir where the di^:ippe:irin<>' 
<*rop had to he replaced hy he.dthy e.iin*'^ hrouirht 
rroni outside. It is exti'emely dillicnii to rid a 
stock of this di^easi- and therel’ore when in w plants 
are imported they should h<* ohlaiiied t'rom private* 
iiurs»*rii*< where they are kepi healthy or I'nuii the 
•government rarnis. ( )nly i>y *-m*h nn‘:ms the dis- 
ease i-aii Im* kept within reasonahle limits. 

Amonjrst the insect di-e;.se> the liorer, wliieh 
hon*s into yoiinii’ canes eaii^iny,- them t«» wither, is 
ri'^ponsihle I'or ahmit damaije in cn ery lield. 'Tin* 
total annual hiss (o Imlia is mn* emre ami thirty- 
three and a half lakhs nl' riiiiees phis another tw(*Iv(* 
lakhs as a loss |n the e\ei>c. "^rin* ;ill*eeled parts 
should In* hnrneil so that tin* new ones may remain 
lualthy. \\ hill* ants Mladla pi'ka) are :iIso M*rious 
enemies to xoiin*: canes. hec;iii-e they cut the youiijx 
pl.'ints near tin* irround. (Ireeii rarniyard inauiin* 
should he avoid(>d, yomijji: setts should he dipped in 
copper sulphate solution hel'ore plant imji: ami kero- 
sine oil should he poured over (he iie'l of the aiits. 

’The siiiiareane mosaic, a virii" disea->e, is wide- 
sjiread ami in the all'eeted plants the v iehl of siij^ar 
i*< reduced up to oil .‘lofr. I'lie leaves heeonie im»t- 
tled and the si/e of the e;ines is reduced. Some varie- 
ties are totally inleeteil and oilier-* an* more injuri*<l 
timn tin* rest. In tin* Ihinjah tin* si/e of the retl 
.Maiiritioiis canes reihieed ^|•oln li-S ft to only .’>-1 ft 
ihn* to mosaic id' lom^ standing'. I'ln' dis(*ase is 
tr:in->mitted tiiroiiLdi siiekini:' insects. Setts for 
plantimj: should he s, |ecleil from ino-.aic free plots. 

Diseases of the Fibre Crops 

d’ln- pink-holi worm — . a cah’ipillar which inh*ets 
eotloii holl- i-: wiile>-prea«l and in 1 . P. is respon- 
sihh* for daiii:iL>i‘ of ahoiil LMI'c of ihis eri>p. 'The'e 
caterpillars are kept in <*heek h\ infect im: lln*m 
with «*«*rlain in-ect parasites which are 

cultivated, ’riie leaf curl in whi<*h the yoiiii;: leaves 
ciirliip is a virus dise.iM* and is tr.in^mil ted hy the 
while lly, an iiist'cl which vi'-its the plant-*. 'I'his 
virus also lives on the 'j^ardeii /.iniiias. 

'I'ln* wilt of e it ton is c.-msed hy a funi^us 
{ iniit) which can live in the soil. A three y< ar-’ 


U9 


Vfl. 11 No. 
MARCH 1*JJ7 



SOME Plj\NT DISEASES AND PESTS OF INDIA 
AND THEIR CONTROL 

rotiitioii is tIuTrl’nn* Planting of wilt 

H'sistaiit vari<*li«*s is also nl v(rry ^ivat liolp. Onli- 
iiary varieties may sliow ahmit Sli'/y wilt, tin* Wajjalo 
variety alwnil I but the Ihiri et^ttoFi is totally 
iiiimiiiie. Hotli eotloii ami jute are aileeted by 
root rot [lilii'.nrlinfin). "ria* seedlinjjs an* killed and 
the older plants are weakened, "riit* infected ar<*a 
turns lilaek and shows miniih' jxlobnlar bodies. In 
tin? Punjab the dama*!:** done to **otton varies from 
l-Io"/ often e\temlin«r Up to tiO'« in some plots. 
'I'akin;; the averajire damage to be the annual 

loss from th(' eiiltivation of ‘J.j million aer(‘s in the 
province, is 1 hdehs of nipec'S. Rotation of crop, 
ami yriiod manuring is necessary. In :in exp(‘rimeiit 
it was found that the* disease was entirely absent in 
soil with sndiiim sidjiliate while in the one without 
it 7 I I out of l.'lll? plants became infeet(‘d. 

Diseases of the Fruit Trees 

In l!M)tl, a serious epidemic of bud rot iptnr 
(uphihum) of the palms was reported from the 
(lodavari delta. In the palmyra paim, wbieh was 
attaek(‘d most, the top was rotten, many of the 
leaves were shed, th(‘ How of to(hly was cheeked, 
and in bad eases tin* palm was reduced to a 
bare pole. I'lie eontrol measures adopted were an 
‘operation^ consisting of ean*fnlly cutting; away the 
dis(‘ased tops without nmeh injury, burning 
it, and the application of Rordeanx mixture to the 
leaves «if all the plants within ‘Jo yards’ radius 
o| tin* disease<l ones. At lii>t these im'asnres did not 
sneeei'd because the people wei<* rehietant to cut 
the tops iiml <'v<*n when cut they stole away the 
disea'^etl Ieave> to that<*h their houses, ’rims the 
parasite* was nnt killed and iid'eeti«m >vas 
easily spread by wind. ins<*el.s and tools. Rut 
siiicF* tin* passing of the Ma<lras P<>st A<*t in 
l!MS l!t, which threw the whole blame on the 
owners, the eampaii;n atrainst, the disease became 
eminenlly sncces.>rnl. In Kistna out, i»f .’ITo trees 
in a plot *J17 wer.e inl(M‘t(‘d and the owner aban- 
iloned Wi»rkinir it, but after treatim*nt all reci»ven*<l. 
Retwe<*n about t»()(t,Ol)() trees were cut 


at ail expense of 300,000 nlpe<^s and though these* 
Avere destroyed millions of other plants were saved. 
A similar disiiase of the Areea palm (betelnut) 

in Mysore, the loss from which Avas estimated 
a^ 3 to I lakhs annually, Avas combatt(*d alon^ the 
same lines. A sinjyle sj)ray of 10 jirallons of 
Rordc'aiix mixture p(*r acre cost only 8-10 rupe<!s, 
but the im*reased profit amounted to «»Aa*r 100 

rupees. In South Malabar tin* increased profit 
per 100 tr(*es Avas oAn‘r 20 rupe(*s, and the 

owners AV<*re so satisfied Avith tin* results that 
they r(‘(tuest<*d tin* (b)V(*rnim?nt Mycologist to 
(‘ontinne this useful AVork. (’ocoanut palm is also 
similarly aflected and tin* tn':itment is similar. 
Tin* cost of spraying is only o pies per tr<*e, 

bein^ tin* (*i»>t of I or 2 cocoaniit.s, ))nt tin* im‘reas(* 
in yield is about tcnfolds. 

\ serious in.sect disease of tin* palms is that 
causc«l by tin* j(*t bla<*k boriny: rhinoceros beetle 
((lobi'f* p»*k:i) foiiml all ov(*r R<‘n‘!;al. ’rin* beetle 
comi*s out at r)iy:ht, bores throu.ij;h tin* soft tissiii's 
<if tin* uuopcm*d h*af and. If if reaches tin* core «if the 
st(*ni, may cause* death. 'Tin* inse*ct bn-cels in 
manure* ln*aps aiiel I’libbish whie*h slnadd be* re*- 
move*d. Tin* bore*el hole's sinudel be* pre»bcel Avith 
a Avire* ti» kill the* be*e*th* ainl then cloM*el Avilh 
ce»a 1-tar. 

The* Mangel tri*e is attaeke*el by many inse‘cts 
of Avhich the* siickin;; bu*j[ is tin* most se*ri«ms 
aiiel this Avas re'>pon>ibli* feir the* failure of tin* 
creep in Ronibay in RiM). ’riie* iiise*e*t sue*ks up jiiie*(‘ 
freuii the* tjreeAviuu slioejfs aiiel le*ave*s, aiiel the* elraili 
em the* tre‘e* is se* mile'll that lie) fruits are* borne*. 
S|)rayin^ Avith e'rude* eeil e*mnlsion eir fish oil soap 
(liftt e)f wale*r) in the* flowe*rin‘; .si*ason j'aA’c sue*h 
e*n<’i*iira.i!:in^ ri*sults that the* ore*harelists of Ronibay 
be>e'anii* caj^e*!* fo aeleipt spraying: :is a reiiitine* AVork. 

\ blae*k fungoid lay(*r of iiie'iustation (('npnn- 
tliinii) is ofte*n .si*(*n em the* h*ave*s eif maii^ro. 
Thi'.se* {rroAV em the* e*xe*re*ta eif the* inse*cts aiiel by 
infe*rfe*rin^ Avith the* fe)oe|-nianufae*turin;; fiiiie'tiem 
of the* h*af, Ave*ake*ns the* plant. Re*sin AVash AA'ill 
pre*ve*nt inse*e*ls fremi e*xe*re*tin^ on the* le*af ainl so 
the* funjius Avill be* e*ln*e*ke*el. Ripe* man^o fruits 
are e>fti*n reitte*el by a fiiiijriis {(i/nrosporttnit) ap])e*ar- 
in^ as minute* blae'k speits eeii the* surface! Avhicli 
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(Milar^o Mini a cli‘|)n‘.ssit)ii is t'nriiicd all rniiial. ( *oii- 
sidfM'ablo (1 miiim^(‘ is (‘uiiscd if llu> infcvtt'd fruits 
an* allnwod to roinaiii in <M)n(a(‘( with tlic iicaitliy 

OIK'S. 

1'hc' last iM'iitiniicd fiiii;>;iis mi iiiaii^o also 
raiisi's till' fruit rot of haiiaiias and aiiotlior fun- 
gus (li(ilnjtHlij)hMltn) is rcspoiisihlc for tin* hiat'kou' 
iii^ at. the lips of iuiiiiatiiiv fruits, 'roi^ctlirr 
tlu'V caiiso a loss of alioiit I*ropa«ralion by 

hoaithy suckers dipped iu l'» copper sulphate 
is useful. 

Apple trees are coiiiiiioiily attacked by a wliite 
powdery inihlew which infects leaves and fruits 
and also with lly-.‘'pe<-k and Mi<ity blotch whi»*h 
infect fruits. Sprayiiiy; with sulphur is beuellcial 
and this lare;ely controlled the s«‘vere outbreak of the 
diseases iu ICiuuaiin and Peshawar iu I blit. In 
tin* luarkets of W IV many apples show a ‘Voft 
rot’’ iu which a suiall area [ircseiils a water-soaked 
appearance. 'Die dis« ase is caused by a fiiiiirus 
{Aspctyi/lffs tfifirr) wliii-h enters the ajiples lhrou!j!:h 
wounds and so careful haiullintj: is nccev>ary to 
prevent bruises. 

V’^ines are seriou>ly allecteil by mildew a white 
powdery fnneiis found on I la* st«*m, leaves, and 
fruits. It was first noted in Kiiropc in ]S!M) and 

witiiin It) years sjin-ad cverywh<‘n’ ;!:i-a|M*N an* 
Sirown, so that the annual loss to the world now 
is ai>out tiOt) <'rores of rupees, 'rhe disease flouri- 
shes in shade and is worst in c«dd weallmr, beiuir 
known to (*anse wholesale destriicfion in uiifrcatcd 
vineyards. I)U'«fini!: W'ith fim-ly Ljrouud sidphiir 
leaves the vines practically frci* Iroiii mildew'. 
7.VS() lbs of sulphur siiflice for the three applica 
tions r<M(uired and the maxiiuiim cost iiicliKlinvr 
labour is w'ithin 7 rupees. In Iioiubay the nuiuber 
of attacked branches, after treatment, was reduced 
from *JI toO'tf. In Madura it was claimed that 
the yield frf)m !?.*!!) vines rose in vahn* from IJs 
7 It) to Ks .‘»!)."jt) and in Mailras iiion' liraiicho 

bei'ame marketabh* after treatment. 

(Vitriis varii'tics (lemons, oraiiircs, vir.) in the 
Punjab an* attacked by w'ither t ip (t V///c/o//7V///////) 


W'hich <rr:idiially projrresses dow'iiwards and im- 
inatiire fruits are dro|)ped. 'riic disease is a minor 
one in many provinces but iu the Punjab it has 
become a major one and whole plantations of 
iiranjies are known to be ailversidy aflet'teil. Pru- 
ning, burning of dis(>ased [larfs. ami planting of 
only healthy varicti<‘s :ire neces-.:iry. Sprayin}^ W'ith 
nordeanx-oil-r'imilsioii sluovs marked iinprovemeiit 
with fruit fail checked :ind in a trial (‘Xperimeiit 
with .‘{.‘lO plants sprayeil with .'VJ.'i gallons of the 
tuUixitMile the eost illclildiuL!' laboiil’ W’oi'ked out 
at b pies per tree. 

Diseases of the Pulse Crop 

riic best known of the ili>eases id the pidse-crop 
is tin* wilt of pii^eoii pea or Arhar. It is common 
throirlioiit India hut is vc-ry desiriicf ive in parts of 
Iioiubay, ( \P., I .IV, and Iiiliar wiau'e the loss may 
considerably exceed Normally about lt)/fl of 

tin* cro]> is destroM'il. It is due to a fmijj-us 
(h'nstit iinit rif!<iuf'( rtfi//f). 'There is a gradual or 
sudden w'iitiiiir and dryiiiii* u|) of the pfants even 
thmiirh there may la* plenty of watei* in tin* soil. 
Uoot-. ami the ba^«' of the stem >how' black streaks. 
'The parasite lives iu the soil fr«»m |irevious crop. 
IJotatioii of at lea-t o years is imcessary and wilted 
plants should be syst(>mali<*ally removed and burnt. 

I 'se of siiperpho^phale as manure favours the dis(‘as<* 
as there ai'e five linu's more wilt than on tiehls w’ith 
irreeu manure. Ilesispinl varieties only should bi* 
Used. 

Pea is attaeked so .-severely b\ tin* whiti* powalery 
mildew' that it is impos-ible to eultivale l:ite peas 
without resortinjLT to >sulphur dusliiiLi'. I'larly varie- 
ti<'s are less injured. 'Tin' same fungus attacks 
beaus, iirid. miini>. lucerne, etc. 'The anthracnos(i nf 
beans is w'idespri‘ad and siHiietinies causes consider- 
alih* loss. It, is cliaract(‘ri/ed by tlie appearance of 
blackish, rather sunken -^pols on all tin* parts of the 
plant. Disensetl seed> si'ive flisi‘a'>i‘d i-rop and so 
see<is shoidd be cotleeted only iVoin un-|iotted pods. 

Pulses an* attaeked by the ere:i-.y ‘^urfae(• cater- 
pillar from whicli tin* annual hts- is veu'y ^reat. ’The 
pai'asitc remains coneealed in eracks of the soil 
durin.iL: day but at niifhl comer- out and cuts olV the 
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stem of till* yoiiii^ phiiit iii'iir tlir* ^roiiiid. A kind of 
till* lly lays i-^^s on llu* Imdy of this parasiti* and thr 
iiiji}xy;ots developed from tlii*m do.^troy tin* futrrpil- 
lars. Poisoned hails «)f hliiisa, arseiiie, and irnr also 
kill the parasite. 

Diseases of the Oil Seeds 

A very eoiimioii disease of ninstard is the while 
rust (f 'tis/optfs) wliieli is also found on a nniiiher of 
allied plants like the eahha^e, eaiilillower. turnip, 
radish, ete. All parts of the plant, hut spei'ially the 
leaves, show white hlistei’s of varyiiiir si/(‘s. 'ro<rether 
with another di.*^ease the ilowny mildew whit‘h 
appears as thin whiti* <*ottony growth, it is responsible 
for marked swellinu: often with violet streaks of the 
st<‘m, llowerstalks and llower^ np to I-:^ 15 limes the 
normal diameter. The downy mildew is more iles- 
trneliv(* and in I!)l 11- ahoiil of the eaiilillower 

erop was found infeeted at Lahore and reilneed the 
yield to less than half, ('ontrol measures for both tin* 
diseases eonsisl in <*lean-weedinL»; to I' liiove all other 
plants eapaiile of harboiiriiiu: the parasite. Sprayiiiu: 
with Ilord(‘aii\ mixture is useful in bad attaeks. 
Kotation and bnriiiinr of erop refuse should be 
prai’lised. 

(‘astor is often alVeeted by seedliiijr blight 
{rif/jfojilffifor) whieh entirely destroys about .‘{I) ll)"^ 
of the soedlinii's in bad e;ises and also attaeks th<* 
leaves of older plants where irrejrular discoloured 
pati-hes are formed. It is lies! not to sow seedlintrs 
in damp low-lyin^- locality wheie the parasilo ir^-ts 

till* favoni'abh nditiim for llonri'-hiinr- ^I’lie 

eommonest disease of the linseed is the rust (.l/r- 
lampsnni) and jirows every year without fail. Hriirlit 
oranjie-eolonred patches are formed on the sti-in 
and le:ives, which later in the season turn blackish. 
Injury caused is considerable and in severe att.ieks 
whoh* lields may be reddened with it and the erop 
may not be worth the trouble and expense nf 
harveslinjr. At Diimraon tlbliar) actual loss of over 
‘JiS% by the weijudit of se<*d has be<*ii recorded. 
J{em(‘dial mea-iires are not known l)iit the debris 
aftiT harves.t should be remov(*d and burned. 


Diseases of Tea 

The dise.ises of tea an* very miineroiis but the 
most serious is the Ib'd rust {(Yplfft /euros) whieh 
nMlnees the yield of tea by about 15-20"/. On tin; 
h*aves it oeenrs as oranj;(*-yelh)W roundish i)atehes 
but on the youn}r woody stems they tu’oduee cankers 
so that the |)lants are (ronsiderably weakened resnlt- 
in^in [lallor and oftiMi d(‘ath. If proper steps are not 
tak(‘n the disease b(‘eomes ehronie and whole plant- 
ations may be sm’ioiisly atteeted. Ibirdeanx mixture 
after priming is nsefiil but the vij^onr of the tea bush 
must b(‘ nniiitained by ^ood soil conditions. ''I'he 
blister bbi^ht (Ivrohiisii/ittns) remained (‘onfined to 
.Vssam for 10 years but in lOOS a disastrous out br(*ak 
occurred at I )arjeelin‘^. On the yoiin*^ leaves there 
are developed small p.ile (»r reddish spots whieh 
enlarge. On the n|)pi*r side of tin* h'af tin* spots 
b(‘eome (h‘pr(‘ssed int«» shallow eaviti(*s with a 
correspond ill”: blister-lik«‘ sw»‘llinjr mi the niah'rside. 
Piekiii”: and biirniii”; of disi*ased leaves and sjirayiiiji: 
with Hordeanx mixture irive «rood results. It may 
be objected that the [U’esiaiee of copper in tin* 
fnniiieidal spray is harmful, 'riion'»h eoppi'i- eoiild 
b(* deteetiMl in sprayeil ti*a leaves, one wmld have 
to eoiisiime 1 10,000 cups Ix'fon* the amount «»f 
eoppra* reiMijiiii/eil as a damjeroiis daily dose would 
be n*aehed. 

Diseases of dru*; and spice Crops 

^riie wilt ol lob.'ieeo is dm* to b:icleria and ta'cnrs 
yi*arly in the Uaiijipore district, lhaiyial, where it is 
locally known as “rasa ”. 5-li'^ of the plants are 
attaeki*d tlioii”'h 2t)-25'’'^ attacks are also se<*n. 'The 
par.i'<ile ”ains an f*ntrani‘e to the host tissues throii;(h 
wounds eaiiseil by insects or dnriiiu: transplant in”: ‘»r 
remo.'iii”: of leaves. 'The cultivators wrongly snp- 
]>os<* <‘xeess of iiioislni’c! as the ean.*e of tin* disease 
and try to dry the soil but this reduces the vitality 
of the plants lliroiiirli la(‘k of water and render them 
liabh* to iideelion. ( ’onservation of soil moisture, 
maiiit(*nanee of heathy plants, and (*l1ieient hot- 
weathf'L' (‘ultivation are important. The mosaic 
disease, howi'ver, eaiisiLs the )i!:n*ate.st loss to this 
crop. Patches of lighter :ind dark<*r areas appear 
on the leaves, <*speeially on the yoiinjrer parts. 'Fla* 
clisease is hijrhly contaj^ioiis and is trausmitt.(*d 
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Uiroii^li tho wnrkcrs in llic* lirhl. Si*c«ls iVnm Ih*:i1||i\ 
plants sliniiiil bo ns(>(1 anti tlisf>aso<l plants >iionI(l 
not 1)0 toiiolit'tl bol‘or(* ouilootiii;;; tin- of tlio 

lit'altiiy olios. 

In llio downy niildt'w of «»piiim llio lcavo> 
show a wliitish ooftony irrowlli on tlio nmliT- 
snriao(> of tlio loavos wliioli in bml m.-iy 

totally willior. T lio jiara^ito y;roW'' alsn mi «rai'd(‘n 
poppy .Mild an alli(‘<l wo(‘d (Anjvtitnne) bntli uf 
wliioli slioiild 1)(* rtMiiovod from tlio noiolibonrliootl. 
Infoototl parts slionlil lx* burnt. \ root rot 
(nui similar to that of ootton also raii-r s 

witlit'i'in;; and <lf*atli of llit* plants. Iloih thr^f 
disoasos ttijTotlior aro rosponsiblo for llio onormmi> 
Ioss(‘s ionntl in tin* ( lovt'iniiiont looord*' fmiii 
timo tt> time* as in ISTI. ISTI, «'to. Iiv ro 

ilnoinjr tin* yiold by tlio loss in I Nil .Miiioimt''d 

to about half a million storliiiu:. 

(linjror is attaokod by a soft r<it (i'ljlhlniu 
tjnirfft*) whioh is vory provah*nt in liaimpnr 
(lk*ny:al) anil (Jnjrat. "I'horo i.- lirst a y:onoral 
palonoss of tho h*avos followt'd by yollowinir of 
tin* tips wliioh .sproad.s ilownwanls ro>nltin»: in 
withoriny: and doath of tho plants, Tho ninha- 
^roiind ‘tiiiijior <h*oompo.s(*s and forms a watorv 
mass (‘iiolosrd within tin* tonirh-sh in. '^rroatiinnt 
consists in soloctinjr mnlisoasi'd irin«r«‘r for plant- 
iiiii; and in provoiitiny: wator-loy:iriny: of tin * >oil. 
l)i.s(>asod «i:inj«:crs should bo oarofnlly dioj: «»nt ainl 
burnt. Uotatioii of about W y(*ars should lx> practi>od. 
I)aniai>;(‘ tine tti this disoaso i> <MinsidorabIo :iinl 
in l!)f)l Snrat snUbrt'd a loss of about rii|)oo>. 

(Jroat loss in Hoiitral is oaiisoil by tho siidilon 
wilting of botol vino (pan). This tli>oa>o can-os 
wliol(*sah* ilostrm'tion in cortain villa<ros ainl in 
others takes a moro or hs> hoavy toll. '^J^ho ti»tal 
lo.ss probably runs to several lakhs ol riipoos 
annnally. Near the Ljnniinl level tho stem darkens, 
slirink.s, and lx‘ct»mos britth*. 'I hroo lnn«j[i aro 
responsible. l*htfinplilh(fni is the active ajxont in 
monsoon, lihi \nrtninn in cold wi*alhor, anti Srh’- 
mtinin in siiiiimt*!*. Spraying with llortloanx nii.x- 
tnre for the first anti with '07 korol tor tlx* 


last two fnn^i is bciii'lx’ial. I nsprayotl plots show 
lS-.*iU% wilt, while tho sprayotl ones r<‘main frt»c. 

Diseases of the Forest Trees 

Sal is infected by a bracket fmiy:iis {Ptihipttnis) 
which causes e\t<‘n.si\M* ilatna^e in Ihixa (Jlonyjal), 
Ih'li.Mi*. ( iorakhpiir, and ( '. IV Had sm'l aeration anti 
4-xce>sive shade and mnlerifr«»wth favours the 
tliseasi* which can bo eoiitrolletl by altering; tin* 
hyjreiile 1 ‘onilitions. Hm-ers and ilef«)liatt»rs alsii 
cause :i lot id' damage .anti in ItMO. in the Siwalik 
hills, they bmke mit in epiilemio form cansin<; 
ileath of T.ttnt) >\\\ trees, d’ho bori'r can be chocketl 
by coverin'*- the holos with coal-tar anti tilt* th*- 
foliators have a natural parasite, a fnnuns (llnlrijtls 
htissmmi) which can be n-ed to infect anti kill 
tho insects, '^riie very important spike tlisoase of 
the sandal wood trei* eaii'^os sevi-n* loss in Mysore 
anti South liitlia. 'The attaeki-d jilanls show ^iroat 
tiistortion and assume a bushy appearance. I'ho 
liner roots die prematurely and no tlowers arc 
prodiieetl. Various theories like nnbahinoetl sap 
oirenlation and other phy^ioloi^ical causes have 
been put forwani for its oeeiirrenee but the latest 
opinion is that the tli>.ease is dm* to a virus. 1'ht* 
most common method td tran'^mission is the }j[raft- 
injx of tliseasetl lissiit* on healthy stock anti this 
shonhl be avoith'tl. 

I'Vom the fore^ointr pajics it is amply t*vi- 
deiil that losses which ai’e simply statriferinij; 
occur annnally thu- to plant tliseases. Much <d' it 
can be stopped by the spread of knowlotl^t* alxuit 
tilt* posts anti the nnitetl eil'orts (d the larnit'rs, 
/emintlars. and plant pat holoi;i>ts. Helow is ji-iven 
a list of refei-enees which will prove useful to those 
who want to pursue the subject furlht*]’. 

1. Hu l lor— /*'?/» r/f (ind /H.^rnsp i// l^lants, 

2. ('rap /Vjit handhimk )/' Hehar and Oriftmi. 

.Mitli-r J. n l'ini;^i)U- I'lunt l’;itIinlo'*y :ni(l Myoo- 
|n”v ill Inili.'i, Pies. .Aiiilre.ss. Sec. of Hot. my, 2ii(l. 
Iiicliaii Sei. Coni.;iess, l'L>5;, 

\. Melit:i K. C. — Rusts of Wlie.'U and Harley in India. 
Ind. Jonrn. Aijric. Sri. I'l.vv 

a. CliaudlMiri, 1 1.— I)i-ea.ses of Citrus in the Piinj.ili. 
Ind. Journ. Agric. Sd. (i, i». T.? l'»i<). 

ii. Report of the I rpeiial :\I veolo^i.sts, Various i.ssues. 

7. Hoard of Seieiititie ad\lee, Various issues. 
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Lcijjci Slicitikcir Jlui 

I’rinripiil. Tpnclirr’H Tr:iinirii; (NiliCKe, Kt'iinrcs, 

Intelligence Tests 

PsvninL* Mus'i’s for sninc tiiiir hrcii hiisy in 

trying In lind mil I In* !)(*>l mrllind n|‘ inciisiiriitg tin* 
ii:itiv(‘ intclligmrr nl’ <‘liil(ln‘n. A iiiiinluT nf tnsis 
I:ii(1 (Inwii .'iflnr cxprrii. mills and Insls 
>villi liniidiH'ds (if llinn>:inds of tdiiMnMi. Tlu‘y 
may lx* divid<'d iindor Iwn Imads /./*. individual and 
grniip Insts. 'rin* fnnncr n-ijiiirn skilled psyelin- 
Ingisls ns(* llmm and <*annnt lx* '.alisfaetnrily n>>(Ml 
by lay men. A wave nl' I lie arm, wrinkle nn the 
brnAV nr a diiVerenl intnnalinii ni' the vniee may spnil 
tin* test and make it nnr<‘liable. On the n|li<‘r liaml, 
prnvided the examiner is well trained, the individual 
tests giv<' l•<‘liable results, ft nni'it be riMnembvred 
that brain i‘apa<‘itY is nnn-niaterial and snbjia'ting it 
tn (inantitativ(‘ im'asnrenmnis eamint pnssibly bring 
about siieh a<*<*iiral<* rvsnlts as nins is lead tn I'xpeet 
in seientilii* work. I hit >till these individual tests 
giv(‘ IIS fairly I'eliable indi(‘atinns nf a ehihl’s possibi- 
lities. 

(irniip tests oil the otimr hand ean be given to a 
number of ehildren at the same time and less skill- 
e<l hands ean be iitili/(‘d for marking ami iinding nut 
the capacity. 

It takes about It) nr In minnti's of undisturbed 
work In examine a ehild individually. Ihit the 
group test copies ean be given to .'JO nr It) nr even 
more chihlren at tin* same time and their valuation 
does rot tak(‘ more than tlir(‘r> nr four minutes pf>r 
copy. lint they eaniint b<‘ as reliable as (he 
individual tests ; so many faetors c<»nie in the way 
nf a piNiper judgment, 'riie b«*st cniirsi* is tn try 
group tests and in «‘ases of doubt to usi* individual 
t<*sts. 

Some of the best known tests in use are : - 

1. Stanford Kevisinn of Simon tV IJinet. 'Tests 
(individual) 


!?. '^Termaii group 'Tests (.Alpha ti*s|s) 

!i. Simplex group 'Tests 
I. Otis 

n. NnrthumlxM'laml group 'Tests 
ti. Xaiioiial group 'Tests 

7. (loodenoiigh fnlelligenee 'Tests and a niimbcM' 
of performance and other tests r.tf. Dr Uiee’s 
1 lindiistliaiii Derformaner* Seale. 

I’tTformanee tests are useful in the* eases of 
<‘hildren ami pi‘ople whose eommand of language is 
not good enough. 

Principles Underlying the Tests 

'These tests are based on tin* principle that a 
<diihTs nativi* intellig»‘nee grows iipto the Kith year 
(soiin* say iipto the lS|h), after whieh it eeases to 
grow. \ p(‘rson may aecjuire aflerwanls knowledge 
at school, or <*ollege but the natural growth of inti*!!!* 
gc*nee stops. lienee tin* age-sealr* has been adopti‘d 
to serve as the Norm. Secondly they aim :it testimjt 
the higher menial pr«M*es>es only e.i/. i’e:isoning 
power and ingenuity and to provoke judgments 
about abstract nuiMers. liistly they would test 
general inlelligenei*, nol school knowledge or home 
training 

Mcirking System 

In the eases of individual ti*sts, a s(*ries of tests 
have* beem di*vised for ehildren who have eoniplet(*d 
three to lifte(*u years and a ehild w'ho passes the 
tests for a particular year is said to have iiitelligeiiee 
for that year. Supposing that a ehild xvho lias 
completed the Sth year, and pass(*s the tests pres- 
eribc*d for (‘hildreii of that year, he or sin* is deelar- 
I'd to have intelligence of eight y(*ar olds. 'The 
iiitelligeiiee (|uoti(*nt in that ease is fixed at 100. 
Ihit if the sann* (‘hild can p:iss the t(*sts for iiiin* or 
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ten yi*;ir rilds. In* nr she will 1 m* (1(‘(‘l:ir(‘(l tn li:iv«* I In* 
iiiontsil ;iji<* nl' iiiiu* <»r tni. 'Tin* innilnl ;i»(* <livul(‘(l 
by till* actiiMl and iiiiilliplii'd by MMI jriyrs tin* 
lnti'llijj:i*n(*i* <inn1ii‘nt. »Insi as llirn* an* i-Iiildn'ii 
wlinsi* ini'iifal ajj^i* is liiyjlirr than tin* liirlli airi* iIuti* 
an* rhildrcn wlmsi* a«r‘‘ brinw if. Alh'i* ImldiiiL'' 

oxaniinatiniis in thmisands ni' cases and (in liii'i; nut 
tin* iiilcllin^cnci* i|iinticnt, psyclinln^ists havi* cla>'irn*d 
children as follows : - 

i 

1. Ovei' 1 10 Near jxenins or jiciiiiis if over l.'iO. 

2 . ll?0-l 10 Very superior iiilellijM iiee. 

n0-l*J0 Superior Intelliiience. 

L 10 Normal or averatie. 

r>. S0-‘M) Dull. 

0. 7t)-S0 Ihirder line delieii'iiey. 

7. Ih'low 70 I )eliiiile feeble minded in 

Conditions Governing I.Q. 

'I'hree fai'ts eonie out pointedly as (In* re-iilt of 
rcs<*arches in this direi'tioii. (I) rin* native intel- 
ligeiiei* in a child is fin* result of Nature's einlow- 
meiif and, however nmeh pe(»ple in the leaehiiea- 
profession may dislike the statement, the fa<-t ha> 
to b(* adinitt(‘d that school education cannot help to 
increase it. i’2) 'I'lie proi;i'ess of a child at sehonl or 
college in ae(|nired knowledge is in geometrical 
proportion to the I.(j. (!J) lleri'dity has an ap- 

preciable intliK'iiee in determining the I. <{. ( 'hildren 
of feeble minded or mentally delieient parents teml 
to show a low /. IJ. 

Care of Superior Children 

It may be mentioned that examinations have 
r(*vealed the fact that the intelligeiwe ipiotient can 
go in very rare cases as high as ISO. TIiom* with 
I. ^ J,. over 1 10 may be regarded as gems of price- 
less value, not only to the family, but ti> the nation 
as a whole. IVovided their health is e:iri‘fiiily 
lnok(*d after and they are oner(*d full scope for the 
development of their talents and for acnuiring 
knowledge, these an; likely to be the leaders of 


creative thought and of the nation, captains of 
industries etc. The highest type *0 education 
should bi* given to tlwni to l•llable them to have lull 
scope. If they bi'loiig to pool' parents, it should be 
the intel'e'^t'^ of the eoiiiilry tt» oiler them all possib- 
le faciliiies. In my opinion. h(*lp in pushing up 
sill'll boys and girls is .i kind of national service. 
Again if is onl\ candidate.-, who -how superior or 
very superior type of intelligence, as judged by 
these te-fs. who should be eneoiiraged to go np for 
the nni\'ersity ednealion. 

While I hold that it is wrong to de|)rive chil- 
dren of superior intelligehce of lln*ir chances in life, 
it is ei|iially wrong to help up children whosf* f. (^, 
is low to gel nniver-ity ednealion. for example, 
after repeated failures they may get a degree or a 
p.iss. Ihit their low I. is sure to bring them 

down and their lile career likely to end in failure, 
'riie nioiii y spent in piisliing them will be wasted 
and would be betier ntili/.ed in hel|)ing them to 
take lip occupations for which they may be lifted 
b\ their eapaeiiy. ( ^ises of men of subnormal I. 
successfully doing inei'hanical type of woik and 
living a fleeent life can be ipioted in abimdaiice. 

Need for Spec ial School.s for Superior Children 

'The levi’lling infhlence of till* pre-ent system of 
I'diication in which a certain iminber of children of 
all the above mentioned typi's study and w«»rk 
togellu-r. and because of tin- regulations which 
insist that each child nnist spend one full year in 
each class results in typi's 1 ami 2 being lost in 
the masses. 

It is rare for sneh a ehihl to get doiibh* pi'o 
motion and thus s;»ve time, 'riie seho.»| anlhoritii*s 
are reluctant to give it and their unwillingness may 
be explained b\ (i) mere inertia or red tapisni 'ii) 
a natural iinwillingne.-,-, to part with exceptionally 
good pupils and (iii) the tiaditional b(‘lief that 
preeo<'ioMs ehihlren shonid be Imld back for fear of 
ilire physical or mental eonsi'iinences. I\esearch(*s 
made by p.-yi'hologisls during recent years ha\a* 
pi'iiNed that exceptionally brilliant children ar<* as 
likely to be ln*;ilthv as otln*!* children, their ability 
is more often general than special, they are not 
slndiiMis ab(»ve the average, really sc'rioiis faults 
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:ir(‘ lint niiiiinnri aiimn^ (Iicin, tliry :in> nlw:iys snci:il, 
:in* Mfrrr ms plMViiiMtcs, |ln>y iwr |i‘M<l<*rs 

nllriMT lliMii nllior cliihlrrii Mild milwitliNiMiidiiijr 
tlu'ir .siiporinr iinMliiics they mto s(‘]dnni vniii <»r 
sp«»ili'<l. 

Ik* pipsoiil system m| <*Imss y^niiipiiijr does imt 
suit I hem, MS very nlt<‘ii the ^vn^h they Mi*e enlh'd 
iipmi to d(i is I)rli»\v theii* eMpM<‘ily. ( 'iiless th(‘y 
;ire jriveii t*lie }ri;ide «»r Work wliieli e.dls f«u*th their 
best <'irnrt>, they nm the risk <»!' I'MlIiiij; into lifehmjr 
hnliils nf siihmMxiimmi elVmiem*y. The dMiiy:er in 
the <*Mse ()l siieli (‘hildreii is imt ovei'pressiin* but 
imderpressiire. \ rry olteii iml liM\'ii»j; eiiiiiiixii s(‘op(‘ 
ill the s<-lhinl nMim thi*y bci'in l«i l)e t r(Hibh‘<imie 
mikI iiMM^hty. 

I Inve SM fur t:ikeii for jirMIlted th:il the S(*lloiil 
Work enii piek out mitive iiitelliviciiee. Ihit ms ex- 
|ihiiiied \<*ry enily ill thi< jiMper, s<-linn(s fueiis 
Mttelilioii nil Meiplil'emeiits ;ii]d Inmee MIV* liol nlwMys 
nble to spot out superior <*hi!dreii, who are tifteii 
misunderstood and evi-n thwarted. It is for psyeho- 
lojrists with the help of eninj) and imlividiial t<*sts 
to pi('k out s||<>h (‘hildnai and brin^ iIkmii to liirht. 
As pointed out b(*for<*, tlie future well bein.if of tln» 
eoimtry hintres, in no small deiiiree, upon the ri^ht 
(‘diieatioii ol thesi- ehildnMi. Whetlw'r the eivili- 
/.atioii in the eoinilry moves on and up depends 
upon the advaiiees made by I'reative thinkers or 
leaders in seienei*, polities, arts, morality and 
religion. Moilerate ability eaii follow or imitate, 
but jiieniiis must show the way. 

What ai’e we d«»in<; to pick «*nt and piisli np 
and make tin- best use of the ireiiinses born in 
this ^•onntl■y ? 

In till' bijr eities of the \\ P. there are 
scores of hiirli schools and hundreds of primary 
and middle schools. Is tluae a siinrlr institution 
which undertakes to oiVcr special fa«*ilities to «rif- 
ted <'hihlren, helji them to tinisli their courses 
in shorter tiim* and push them on ? No wond<>r 
MS we havi* not ^ot i>syeliolou;ists to pi«*k them 
out. Ihit tile Work Iwfore ns is I'ven more labo- 


rious. The standardized tests prepMr(‘<l i)y Knro- 
p(*an Mild Ameri(*an psycliolojrists may siieressFiilly 
test (‘hildreii in Knrope and America. Ihit for 
the cliildnai brought np in the Indian atmosphere, 
they need radical modilieations and the lanj^najre 
of the tests has to be set in Indian hin^iia^es. 
Tests in Indian lan'j:nay:es wln-n rc'ady reipiire 
beinjr slandartli/ed after extensive f^xperimeiits. I 
pray that enthnsiastit* |)syeholoe;ists would eom<‘ 
forward and do the the work of standardization. 

So far I have focused attention on brilliant. 
«‘hildren and lhi‘ir needs, later on I hop(> to deal 
with the probhan of defective children. 

(Joo<l deal of public iiilere.st has been aroused 
over tlie (ineslion of inlellinence and vixaitional 
t(‘s|s as a result of the publication of th(‘ Saprn 
liep«»rt. It is hoped that tin* public will now 

better appr(‘ciate the work of psy<*ho|oo;ists. 

Experiments in Benares 

Hiirinji: the last two or thi'ce years a system 

of erronp tests based on Siniph‘X, but lary:ely 
modified to suit Indian c'onditions was dr*viM>d in 
the Hindi lanirna^e and about 'H(M) children 

have* b(‘en examined so far. About lb si'hools 
have co-operateil with ns. 

The tests proved to lx* very popular where- 
evi*r they weiT* iisi-il and non-IIindi sp<*akini'- 
children regarded it as a trn(.vain-e that similar 
tests were not jj^iven to them also. 

Tin* tests were |)n*par(*d on tin* principle of t(‘st- 
iinj: various mental |)roc(*sses such as : 

(^/) Ability to pick np words not in their 

c*las.s. 

(/>) Ability to jriv(* mo'^t n*asonabh* answers 
to specilic r|in*stions. 

(c) Association. 

(d) Ability to j^rasp a(*cnrately what, is told 
and to act aci*onliny[ly. 

(r) Ability to s(*(* similar relationship. 

(/’) Piittinjj: rijrht, lhin;;s in a wronjr order, /.r. 
ability to solv(* a lany[h*. 

(//) Sec*injr arithnn'ti(*al relationships. 
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(//) Aliiliiy lo iiiulrrstand nirc >li:i(li>s in (||<> 

iii(‘:iiiiii^s of words. 

(/) Filling up ^[Mps ill 

(j) Abilily to visn;ilis(* :i (‘onriv'to (*\pnri«‘ii<M* 

with ocrt'.iiii inoditicMtions. 

Tin* tests jire ijroiiped in three el;is>«r*s. 'FIiom* 

in:irked (f/) :ire the e:isie>l :ind eniiK* liist. 'FIiom* 
in!iri\(‘d (/d test siinihir psyelmlnmicjil pro* 
hut iire :i litth* more diilieiill :md those mmked 
M sire even more diilieiilt. 

Difficulties Experienced 

'FIh* followiii;r dillieidties were experiemed in 
sulmiiiistrriii^ the te>ts : 

(i) 'File t^'siehiiiu: of Fnu:Ii^h in llte I nileil 
Pmviiiees <'ommenees in the (hir<l el.iss, /. r. In fore* 
(hen* is jiny elnniee «»r (he mother tononc ImIii'j; 
fsiirly msistered. 'Fhe ehildreii wh«» were e\:imined 
did not :ipp<*jir to hsive snilieient inn-torv over 
(lie mother (online (o en:d)|e th<‘m (o o-ivn m 
>: i(isfsietory :n*<*onn( of tlieinx'Ives when mi^weriiiir 
these tests. 'Fhe d<*feet w:is <*hiellv noti<*o:d»!e 
wlieii they tried to :in>wer (|iie^(ion> on word 
ni(‘:iiiin<£s. Hindi te;ieln*rs in An^lo Vern;n*nl:i. 
schools, hoinjr tin* h :i.st (|U:ili(ied :n.il woist p:iid 
Sind lesi>t >ii|>ervised, do not siiid e;nmo( ^^ivo 
ssi(isf;n*tory trsiiiiim^ in (he motinr (oiiLnn* :ind 
ehildren 1 esirn (o sittsieh vsiLjne sind nehnioii's 
nu’sinins:;'^ (o wonis. For e\sim|)le (he word> •WTfifrf 
(to ilefesit) (to pniii.sli) W 5F.WT (lo 

hate) do not mean oxsietly (he xnne thinu:, ye( 
irood insiny of (Ik* piipiU (he s.-inie nel)nlou> 

nie:inin;r (o (hem. 'File eonmion praetiee of n^inir 
teehiiiesil terms in l']n^li.Nh silxi ronll'^ in (he 
vi'rnsieiilar ((‘rms not liein;*; (pii(«> familiar to 
ehildn*ii, with the result (hsii even wh(*n perhaps 
th(*y understood (he sijini lira nee of ^eom(*(rie:d 
(ij^nres, they did not feel sure of (hi* mesiniiii; 
of (he (t-ehniesil terms in Hindi a-< used in (he 
t('sts. 'Fo suld (o the dillienltio, dilVerent teehiii- 
eal terms sire used in dilVerent pn>viiK*es to ixive 
the ssime idesi. F^-en ordinary simple words like 


(<|U.ulrnped) (hi-a^H Mivinir heiny:) 

are ditVen'iitiy uiKh-istooil in dil1i*r<-n( plaee<. 

(/V) '^Fhe ay;i* eiilrics in the <ehool HM-ords do 
not appesir («) he reliahh*. Farj-nt- pi'eKy often 
^dve wrony: dates, so iM‘(imes due to hiek of tillK* 
sense and sometinn-s foi* other i-easons. r. 7 . to 
ensure (hat (heir wanh d(* not yet overaye for 
certain openinys l)y the (iiiM* they (inisli th«*ir 
<*diK*a(ion. I>n( sn'ciirate nii‘a''ni‘em(‘n( of intelli> 
y<*nee is not possihh* nnle*‘S (he aye is known 
eorri'et (o a month. \'ery ofti*n (he aye sis irivi*n 
in tin* sehotil reetu’ds wa^ ohvion''ly low<‘r than 
whai OIK* would jndL':»‘ from appi*araiK*e or psy- 
eholoyietd symptoms. I( slmws. however, (hat the 
I. t^. thus (omul out may po>.slhlv he lower hnt 
«*onld not he hiyher. M'hose found (o hi* superior 
or very snpi'rioi*. hid their a-M* entries (*ar(*fnlly 
vei*ilied smd as most of tlK'in eome (rom eiiliun'd 
families (he entries weri* found to he n-liahle. 

liK'ludiny (hose examined last year the totsil 
nnniher of (•hihlren examined (otaU 1*1 1 7 (inehid- 
iny ahoiit "MO yirls). .\s ehildron of hoth sexes 
have heen exsimiiK il ov«*r a fairly wiile area in cities, 
villayi*.s, in (In Fiast and W est «d the I ’.F. liajpntaiia, 
(owns ami ami I*. — i( may he possible to yet a 
fair idesi of the distribution of intelliyeiiee in 
North Indisi. 

'File tiynres werki*d out are as follows : - 

Tot.il N' I’ C. r. r ill .Niiii-ri^ a 


yrnin*- 
I n. 1 10 iriii 

1 

Vei V Sii)H rli.i 

l.<) lii) 1 to 

.M 

Sii)'«*i i'»i 1 1 > 

III) I 'll 

ip; 

Nil! Mi ll ! 1 ) 

ill) no 

Oli 

Nimi .\i Hill. 1 1 
I.u. SO 00 


M.*iU.ilK 

ilefieiiiit 

1. 0 Im-I.iw SI) 

cir. 


It may he noti*d that (he Simplex 'Fests ;ire 
far iiKire .s«*arehiny (h.in 'Fermaii’s and the tiynres 
for .Vmeriean ehihlreii are based on 'Fermaii’s 
tests. Indian children .s1k»w better results when 
yiveii the latter tots. 
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No rliild li:is been rsl to have an I. (J. 
of iii(>r«‘ than 1 IT). If the te^ts an* reliabh*, it 
follnws that th(» coimlry is |Ma)r in ujeiiiiisfs and 
ii(‘ar geniuses. On the other liaiid (Ik* pr<»| tort ion 
of nK‘nlally delieieiit is also Inw(‘r. I>nt at tin* 
saiiK* time it must bo borne in mind tliat (‘liildreii 
from baekward <*la>se'^ have not bi*en examined so 
far and we have not been abh* to examine <'hildr(*n 
in many s<*hon|s which attra<*t bri.u:ht children. 
'I'Ik* lie'iires «)btained by <*xamininu; ehildreii 
in 'V. N. Selio«)ls for boys and ^irls sliow (liat (he 
a(mo«phere of kindness and freedom a4*(s as a imejinet 
in drawing out all that is best in 1)oys and ^irls 
()n( of I I I boys and ••[iris examined as m iny as l!( 
wer«* found to be superior. whi<*h ufives a p(‘reen(ai»:e 
of |().7 as airainsl the jreneral averai^e of S. 1*. 'flie 
pick of (Ik* stmlent eonimnnity pr<‘fers (<» i^o to 
( Jov('rnnK*n( Schools or (hose witii jrood reputation. 
I 'nfortnnately v<*ry lew (bivr*rnment Si*hools have 
eo-o|)ei'a(ed with ns so far. 

Of (he •| -l-r)| children in (Ik* near ^;enins .and 
very superior jrroups, an overwlielminu: in.ajority 
eoiiK* from literary castes e. f/. Iirahinins, Kayasthas. 
and Vaishyas thoii«ih other eoniiniinities an* not 
iinrepreM‘n(ed. 'riieii aj^ain faniili(*s whi<*h ha\a* 
niiiifrated from other parts .are responsible for a 
disproportioii.ately lari»:e mimbi'r of bright ehildreii 
c. ff. I>(*ni':dis, Kashmiris, I*nnjabis, and Maharas- 
(ra, 'relee:n, '^r.aniil ami ( i njrat i I5rahniins ami so tin. 
'I’Ik* only expl:in:i(ion which e.an be .•ri\a*n is that 
f.amilies wliii-h have niiu:ra(ed ;ii*t* iiioi’e pii>hin*r 
th.an st.ay .at home people, hence hen*dity is in 
f.avoiir of (heir children. .Vimther interesting: 
pheiitinienoii no(i<*ed w.as (h.at even in t I k* c.ases of 
children b(‘lonj 4 :iny: to very in(ellii>;ent eommnnities, 
the I. (J. of ehildr<*n etnnine; from families where* 
drink, hlniutj or sexual viea-s have ;rnt a foothohl. 
was <*onip:iralively hiwer. 

'riie eoneln'^ion ba^sl on these tests .are pro- 
visional only and will need niodilieation in the ii; 4 :h( 
tif n*p«»rts. which have iKit come, but .are (*\peeted, 
and in the li^ht of fnrtiK'r (<‘s(s whi(‘h will be made 
before hiii|j;. 


A disconratrintr plK*nomonon wliich waft noticed 
is that Indian children are slow te» react to njsixms- 
e.s. 'riie modiiied t(‘sts were based on Simplex, only 
because it w.as neee.s.sary to compare the amount of 
nient.al work which the ISritisii childn*!! (*an do in a 
jriveii (iim* as (*ompar(*d to rndian children. The 
Simplex 'Fests ha\a* b<*en found to lcIvc* siiilieii'iit 
w«»rk to Hritish <'hildr(*n for an hour and a half. 
Most of tlK^ pupils e.xamincd here, howev(*r, coin- 
plaim*«1 of the ina(h*i|ii.acy of the time* <i:iv(*n. Hut it 
was .also noticed that they frittered aw.ay a f<*w 
minutes hen* and a few miniit«*s then*. It is possib- 
le tii:it some of tin* (‘hildren would have? secured a 
liii^hc*!* I.C^. had th(*Y been ^ivi*n a little more tiim*. 
Hut a ipiick and eorn*ct respoiisi*, without wasti* id' 
time is also an eleim'iit of intelh*ctual fitness. 

'^Fhe hiy:hest I.t^. reached so laris I In.seon*!! by a 
Henirali Kayastha boy, whose* school record shows 
that his Wiirlh is not appreciated in the cl.ass room. 

What is triK* in (Ik* ease of tliis boy is also true 
oj other efil'ted ehildn n. Only in ;i few eases do 
the s<*hoid’ records iriye any hint of the hiy:h e.ijiaei- 
ty whi(*h Ik‘s latent in (hem. (houii:h on (Ik* whole 
th(*y do not di» b.idly in the cl.ass room. Kroni my 
obs(*rvations id' many of these children, I can say 
that (hey are social, che(*rful and fond of raising: 
knotty :ind troublesome (|uestions in the class room. 
Their health does not seem to be iid'erior to th:i( of 
other boys. 'Fhere does not seem to be mneh ground 
tor (hinkinc: tliat precocity l(*ads to poor health. 

^^nite a lary:e number ol school boys above 
(he averaj^e .•iji'e o! the class were found to be 
either of normal intelligence or below normal, 
and none was found to be above normal. 
( >veray:ed students are id’ two types. '^Fhose 
who h:ive become overaj»;ed b<‘cause of 
retardation in (he lower classes and secondly 
those who befall (heir studies late. It. is not 
dillieiill to understand why the boys of the first (ypr* 
proved to be inferior. Tin* inferiority of the .second 
type of boys is probably due to mental atrophy for 
want of suitable stimulus in early ye:irs. 

'File lar^e proportion of inferior children as 
noticed in the [ireci'din^ paragraph is probably due 
to the fact that their lan^rua^e training has been 
defective and they could not fully understand the 
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liiOiiiiin^s of ])iil to t linn. AUn 

qiii<‘kii<‘ss nfMclion in response to a sHiniiins imt 
tin* rliamctn'istic of Indian (‘liildrni. 

V«*ry fnw cliiUlrni from <’lass tliinl ami fourth 
aitompti'd to answn* tlm tests, prnliahly on aceoniit 
of tilt* tirst reason o;iv(*n in the preeetlinjx paray:raph: 
blit .‘>ti (‘hildreii atteinpt(‘d tin; tests. As many of 
th(*m as 17 wt'i't* fonml to liave (‘ither norin:il or 
siipernormai 1. tj. '^I'liis shows that the tests are not 
suitable for ehildren in these elasses ; but <»n ae- 
eoiiiit of the early introdm'tion of Kiiirlish and 
eoiis(*t|nent iie«[h‘et of I liiidi, tin* linji»:nistie traininir 
is dt*lieient and they cannot attiMiipt the te>ts. 

Summary 

The provisional inf<*rt*nees which can be thsliiceil 
so far are that it is possible to have standanli/.isl 
t(*sts in Hindi, the ajre entries in selnwils neetl care- 
ful scrutiny, tlie early inlrothiction tif tin* study td' 
Kn^Iish is prejudicial to tin* intellectual develop- 
ment of pupils, that bri^'ht <*hiidn*n an* in*ither 
r(*coy;niz(*d by nor a<le(niat(*ly car(*d for in schools 
and overajietl children n(*ed beiiiir taiijiht separately 
and if possible by s<mie tliiny; like a Deemli/ed 
method. Lastly snp<*rior children are •rmK.niHy 
found in cultured families, tliony:h they do not <*oiis- 
titnt(* the monopoly <if any one section ol the 
community. 

During tin* ye:ir lit.'Jo, aiiothei'set ol jrroiip ti*>ts 
on the lim*s of 'rerman was mot read> and about 
two thousand children have r<*i*ently been examim*d. 
^rin* r(*snlts are beinm sci'iitini/.cd. I'^vidently tln*y 
have dom* much b<*fter and tin* prop«irli«m of <-liil- 
drcii i»f superior types is (piite lai’me. It was b*lt 
that the tests in tin* oriminal li.ivinm be(*n >tand.ir' 
<lixed, similar ones in Hindi (*onld lx* adopted with 
suitable moditicatioiis. ]>nt- it now a|)p<‘:irs that Himli 
tests ne<*d lx*inm standardized. Norms are beinm 
prep.'ired and certain modilh*ations ni:ide in tin* lirst 
tests. An I’rdn reiiderinm nlso been mot ready. 
(.)nr Colh*me experiineiitinm ''vith Sealorth s 

A^leabnIary, Lanmname suid Koreimn laiimname apti- 
tude tests. 


rnfortnnately vi-ry litth* work in this direi'tion 
is beinm dom* in India. Some of tin* American 
missionaries are very ke<*n Jilioiit it c. f/. Hr l?i<*e 
of Allaliab.-id, lu*V('reiid Mr. Kinm 'd* (iha/iabad, 
Kevereiid Mr K. W. .Men/el of Hahxla Ilazai* (Rai- 
pur District ('. I*.), Reverend .Mr .1. i\ Koeiiim 
of lh*r:impMr:i and so on. I*rofi*s<or S. dalota ol 
tin* H. .\. V. Colleme, Lahore has ]»r<‘pared I rdii 
tests ,*ind doinm laborious work in preparinm norms. 
.Mr Kamat has pr(*p:ired .M.irliatti to^ts, but I have 
not seen them yet. Mr West tried his tests in 
Dacea, but it is said that he mav<* up tin* work in 
ilespair be«‘aiis<* of the misleadinm ame (‘lit ri«*s. I am 
afraid tin* work at Reiiarcs is likely t(> be wrecked 
(HI the saim* ineheape rock. Tin* labiH’ioiis task (»f 
prep:irinm mnaiis ix'comcs useless when ame records 
an* not reliable. 

Knuii tin* limited experience W(‘ havi* m*ibn*d, it 
se(*ms that tin* t(*sts miv(* a fairly reliabh* ind(*\ as 
to tin* ]>ossihilities of :i child, thoiimh like all olln*r 
hniiiaii ell’orts tin*)' may in*t be perf(*(*l. 1'hey do 
not claim to t(‘st eliar.icter, capacity for sustained 
Work or ability t(( coiifr(d other men, without which 
snc(*ess in lib* can not be assured. I^veii these liavi? 
been tri(*d l(» lx* tested in other ways. Rut tin* 
immediati* iis(‘s (d' tln‘se test-^ in (H‘dinary seinxd or 
colleme wank can be snmnn‘d np as follows 

1. 'I'hey can in‘lp tin* ln*ad master in deeidinm 
(|in'stions about doiibh* promotion and ol 
promotion to the himli'*r class in cases (d 
students who-^e record is doubt ini. 

*J. They can lx* helpful in lindinm (nil which of 
the students Iroiii olln*r schools, w'ho seek 
admission in .'i new sclnud. are fit lor a par- 
ticular class. 

.*>. .Mso in lindinm “iit which (d the students 
are lit for a rnivcisity course, which (d’ them 
art* lit for tin* Himh S"ho«d course and so 
on. Help can then lx* mon* iinmnidmin^ly 
miveii to tin* most deservinm- 

Tin* work in India in this respect is still in tlx* 
(*.\p(*riiiu‘ntal stam'i* as it develops and mon* 

exp(‘ri(*ne(* is m!dln*r‘d it may lx* posNibh* to make 
them nn»r(* ii’^eful. 
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Kvkkv nidio listoiicr, no innttcr in wlint p;u‘t 
of tlu* y:lnl>o lip is sitn:it(‘<i, must luvvo litid, nt 
tiiiK* or otluT, tlio pleasure of Ids radio rpooption 
spoil(>d l)y iiili'rlVriiiiJ: iiois«'s nf various kiiuls 
(MiiaiiatiiijL; from tlu' loiul-spoakcr ol' Ids rpftdvtM*. 
SoniP (d’ tIi(‘S(* noisps may, ptu'liaps, somotimps bp 
trappablp to some I’aull in tin* rcppivpr ; a dania^pd 
«;rid-k*ak, too tiy:lit a PDupIin;^ nf tin* Idj^li-lrptiupiipy 
pnils or a rnn-dnwn lialh'ry may m»t iidVpqupiitly 
l)p one or iimrp «d‘ llip <-:iiisps id' tlip many iin- 
dpsirablp sounds from I In* rp<'pivpr. lint it has 
bppii tin* pxppricnpp of pv<'ry li*«tpnpr that pvpii 
with a modprn, Idj^h-plass iv'ppivcr tlipn* are noises 
whieli cannot lx* as<*ril)<*d to any fault in the 
rcpciver. 'riipsp noises, >Yldph are vory luTsisteiit 
and whi<*h seem to defy every ellbrt. to eliminate 
them by improv<*ment <d‘ the <lesiy:n of the r(*eeiv(*i% 
are (*ommonly known as ‘*slalie”. Static*, aeeonl- 
inj; («) the natun* of their oriyiiii, may be broadly 
divided into two classes. ( )ne class, <’alled “man- 
made static'’, is dm* to <li>turbanc<'s set np by 
eh'ctrii'al .appliances or iiiacldm'ries, which reach 
the rccciviM* through the supply mains, *ir by 
radi.ations from tin* mains, through the aerial. 
The other class, c.alled “atmospherics”, are due to 
natural el<a*trical disturbances in the atmosph<*re 
finding tlicir way to the receiver aloiiy; the aerial. 
Though this artich* is mainly <*oncerned with the 

second t\pe — natural static or atniospheib's yet a 

few words will not be out of pl.icc hc-re 
re^ardin^ tin* first lypt* tin* man-made static. 

Man-made Static 

The city-dwellers who an* surrounded by vast 
network of electrical circuits and by electrical 
a]>pliam*es of :dl kinds are tin* W'orst snner<*rs 
friuii this type of disturbaiKx*^. 


Alt(*rnatin<]r current mains, motors w'ith spark- 
inji brnsh(*s, tramears, electri** Ix'Its, neon siy^ns, 
and, in fact, all appliances whi(‘h employ a make- 
aiid-break contact, device, an^ potential sources 
of man-made static. I'liless sp(*cial precautions 
are tak(*n, they set np electrical distiirbama's which 
travel lonj; distances alon*; tin* electric supply 
lines, 'riie oidy redeeming; feature of this type of 
static is that it tioes not •riMicrally travel lonj' 
<listances over the air. \ sparking motor, for in- 
stance, will prodii(‘(* a crackliiijL;, hnmmin^ noise 
in a set op(*rated from the same supply mains 
as feed the motor, even wdicn the s<'t is situat(‘d 
at a ilistancc* (d‘ I. Km ; it w'ill not, however, 
adept a set at a dislaiu'e of oO metn*s, if this 
l.itter is operat(*d fnun independ(‘nt battj ry and 
is not <‘onne(‘tcd in any way with tlu* supply 
mains. ’I'he surest m(‘ans of stopping such dis- 
tiirbaiu'cs is to (*liminate the <*aus(*s which pro- 
duce them at the soiirci*. Hut this is not always 
pra(*ticid. 1'he other alternativ** method is to (*m- 
plf»y devices at tlu* ri'ceivinji; end, which prevent 
the disturbances from reaidiini; the I'cceiver. It is 
not possible to il(*.scribe such devic(*s Ji(*n* they 
j^ciu*!-: dly I'oiisist of suitably dispos(*d coiuIciim'I's 
and chok»-s. '^fla* 1>. Ik C. lOmpin* Service pamph- 
let, radio ma^a/ines, and radio manufacturers pub- 
lish •’nun time to time tin* d(*tails n*‘;ardin*; sm'h 
devkM*s. Tlu*se, if car(*fully follow’<*d, jjo a lon;^ way 
towards stopping the (*vils of man-niad(* static. 

'^riie other class of static — the atmospherics — are 
much less or, perhaps, not in the least amenable t<» 
human <*ontrol. A very larjj;e amount of study 
h:is b(*en ni:ide to find out the nature ami the 
origin of the atmospherics. Results of such studies 
carried t>ut over lon^ periods and in many eountrics 
show' that tlu* atmospheri<*s are d(‘linitely asso- 


SUIRNCE & 
CULTURE 


430 



ATMOSPHERICS 

witli (liscliiirtrcs in tliiiiulrr<‘loii(ls. 

The j!;ciicr:il iin*fh;iiiisin of <ln* pniihu-tinn of 
jitniosiilicrics is not diiruMilt to nn(Icist;ind. The 
top and tlie bottom of a tlniiith^rrloml an* rliar^rd 
with opposite* kinds of (•li'ctricity. W'licn the 
elec trie, tension diu* to thesi* <*h:ir;ii*s hocomes 
very hij^h, a spark or a diseharire* pa'^srs. Tin* 
disoiiarjje boe'onies the* sonivc eif liijilily dampcsl 
electrical oscillations or waves. Ib- highly damptsl 
we in(‘an that the* oscillations dn not poi^i^t : 
they die away very <[nickly after two or throe* 
swings or, perhaps, at tin* 1*1111 of the* first swin^, 
ill which case it is calk'd apc'riodie f»scillation. 
These sliort-livf'd wave's travel eml in iniic*h the* 
same* way as the e*lectric wave's earryiiiir speeeh 
and nnisie* spread eait freiin the; breiaik'ast trans- 
niitte'r. Wheai they n*a<*li the re*(*e ive*r they pro- 
duce* theise* ^rinelin^, hissing neM‘s<*s e*alleel atinos- 
l»he'rics. The* e*ssential eliHere*ne*e* bctwe*en the*M* i»M*il- 
latienis anel those s<*iit eait from the* breiaele-a-t trans- 
mitte*r is that while* the; latter oe*e*nr with pe*rfe*e*t 
re*'rnlarity, have a de*rniite pe*rieidicily — that me*ans, in 
practice*, that the'y e*an be* tnimd in e»r eait -anel 
preidiie'e* what erne* mijrht e*all cenitimiems wave*s, 
the* fe>rme*r eece'iir irre*y:nlarly, have* im lixe*el periisli- 
city--the*y e*anne)t. be* tnne*el enit — ami proilm*e* 
separate* sheicks in the* re*e*e*ive*r. In fae-t, in ana- 
le»«;y with semnel-waves, e»ne* my it ve*ry aptly call 
the bre»aeh*ast wave*s as mnsie'al elee*irie*al ne>te*s 
and the* slmrt live*el, irre*y:iilar wave*s elm* to liirht- 
ninji dis(*hary:e* as (*le*e*trie'al ne»iH*s. 

Recent Investigations 

Ueeent inve*sliy:atienis have* reve*ale*el many iiite*r 
estinj; featiires eif the*se* (*le*ctrie* eise'illatiems, preieln- 
ee*d by li/jjhtninj^. Ae'corelinjr to the* rapidity with 
which the eescillatiems eiccnr the*y may be* divide*el 
inle.1 a hyi-fre'epirncy (*lass and leiw-lr(’e|ne*iie*y e*lass. 
'riio former has a t‘roepie*iicy eif twei thousand live 
Inindred tei ten thenisaiiel per second, anel the hitter 
of twe) Inindreel and lifty ])i‘r se*cond. The*re are 
also, e»f course, dischar}j:e*s eif ape'rieielic type* — (hat is, 
eonsistine; eif one; swiiijL^ only — sheiwinix only the* rise 
and fall, sei that they have no particular frcepiency. 


A ciirieiiis fae*t about the*se* eiseillatioiis is that the* 
hi^h-fre‘efnene*y eiseilhitiems travel faster than the* 
le)W-frceiiiene*y e)ne*s. It is possible to (*>tiniate 
appreixiniately the* distaiu-e* of the iiriiriii e»f the 
atnieispherics freim the* time* s(*[iarat ieiii of (he tw<i 
types eif atinosplierie's as re*e'orele*el in the* re*ceive*r. 
Aneither inte*re'slin'^ fae*t foiiml is (hat while* some* 
e»f the* atinospherie*s occur in groups, (hat is, a 
nnmbe'r e>f shor(-live*d oM'illatioiis rapielly hn<*cee*d 
eme^ anothe*r and are grouped toge*lher, there are* 
eitlwrs whie*h eiccnr singly. The* fornie*r one*s produce* 
the e'haraeteristie* grinding or hissing noi^* and the* 
lal(e*r eines “click'’ in the* kinel-s|)eake*r. The wlmle* 
phenomena of atnios|ihe*rie‘s. ( hough ve*ry annoying 
tei the* railio lisle*ne*r. pp'seiit many intrigning preib- 
k*nis to (he* scie*ntilie* inve>t igator. 

A e*luiracte*ristic leatun* e»f the* (u*ciirri*nce; eif 
the* atinosphe'rie*s is that they are* more* inte*ns(* and 
iinm(*rons in the night, particularly eliiring its 
e*arlier part, than eliiring (he* elay. In the* (reipics 
in sniiiine*!*, whe*n thiindeisteirms are* fivepieiit, 
this phcneinie*nem is vi*ry niarke*d. 'Fin* re*e*ep- 
tion from moeh'ratcly elistant stations wliie'li, 

till a lew mimite‘s he-fore* snnse*t, was normal 

anel ple*asant, ra|iielly Iwgiiis to bce*einic marre*el and 
spoile*el by a(mosphe*rics of ine*re*asing number and 
violence*, till within a lew niinnti's alti*r sunset 
re*ce*ption be*conics inipeissible* as sp(*i‘ch and music, 
are* dreiwncel by ie*rrilic grineling noi.se*s and clie*k.s. 
I'he* re*ase>n of greater pre*piuiele*rance* of atmosphe- 
rie*s afte*r sunset is the* same* a< that eif be*tte*r re‘e*e*p- 
tiein eif distant statieuis eliiring the* dark liemrs of 
night than during tlay. The* iippe*!* a(nie)S]ihe*re 
plays a ve*ry important pai-t in the* preipagatkiii eif 
raelio wave's roiinel the* curveal snrfae*e* «if the* e*arth. 
^Fiiis is due* to ioni/.atioii, that is, produe'tion ed' 
eharge*<l partie*le*s by the* ae*tion eif the* sun’s rays. 
If the* ioni/..itiein is e-ontincel tei high le*ve*ls- lOt) Km. 
and abeive* it he*lps to giiiele raeliei wave's eive*r gre*at 
elistaiie'c. 1 ’his is the* i*onelition eliiring night, wh(*n 
atmeisphe*rie*s proeliu*e*el by lightning dise'harge*s 
tlieinsaiiels of kileinie'tres away are* brought to the* 
re*i*e*ive*r by the* ieuii/,e*il iippe*!* at nieisphe're*. If, lieiw- 
ever, the* ioni/ation re*ae-he's low le*ve‘l.s, say sixty 
kileim(*tre's anel be*leiw, then the atmeisphe*re* streuigly 
abseirbs raelio wave*s. 'Fliis e-oiielitieui pre-vails eliiring 
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diiy-fiiiH*, wlioii, MS liMs bocii rofoiitly ol)sc*rvo(l at 
( alriitta and also in tlio I '^nitod Sta((‘s and lOn^land, 
tin* atinosplnM’c at lio^its of oven twenty tn thirty 
kiloinotros is i()iii/(‘d. At siioli times atinosplierics 
[irodiiced only by Ineal li^htnin$2[ discharge's reach 
the* re'ceiver, and the elislant ones are a])sorbed by 
tiie atmospliere. 

Eliminating the atmospheric noise 

It is very often asked wliy no method has yet 
been <‘V<ilved t<i <‘onnteraet tlie evils of the atmosph('< 
ries. It is ar«>:m*d tliat if it is possilile with the nse 
of suitable lilt«*rs to <-nt oil* very powerfnl hwal 
stations and to re«*eiv(‘ eomparative'Iy weak, distant 
stations, it onj^lit to be eeinally iiossibh* by seune 


such similar device to stop the electrical distur- 
bances eaiist'd by the atmospherics. I bifortiinately 
this is not so ; and all attempts made hitherto in 
this direction hav(» faih;d to achieve tlio object. 
The r(‘ason is that a radio station, h<»w'ever i>ow- 
erfnl, and how(wer closely situated, generates waves 
of a definit** fre(|nency rang<*. The atmospherics, 
as ex])laincd before, have no such delinitc range of 
freqiieiKMi's. The only means of minimizing the 
etl'cets i>f atm(ispheri(‘s known till now is to employ 
v<*ry high signal strength ami to use short waves. 
A fortune awaits the man who invents a simple 
cleviee to ('liminatc* the (^llects of atmost)heries in a 
bro:ideast receiver.* 

*' Htnai least lecture at the H. 11. C., Iviiipire Pro^i'iiiimie, 
I,r>iiilnti nil lOtli July, l'Mt>. 
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Uses of Migli-Voltcigc lilcctricity 

J. n. MiiKerjcc 

Dopartment of Pliysica. AlluhaliaiJ ITnivcrsily, 


rs On* tcM-liimlntry Jif 

vol1:i^o lins nvrivfd ;i iniprliis, 

mainly because nl' the* inaiiirohl appIit^atidiH imt 
only to i)urc scie'iHilic rcs(*aivhcs but also (o iii<hi>h y. 
A tlccaelc ajfo, a liiiiulml thousmal vnlls ol* pressure* 
was llui maximum at whi<‘h cicctricily cuiihl be* 
])re>(lue*c(l ami utili/e*(l witli siillicicutly lar^e* pi>we*i* 
output tei be (‘eMmomie*aI. Ihit at ])re*scii( tlx* impnive*- 
mciit in t)ie> (l(*si^ii of mae'liincry has bc'cn sn inarve*!- 
h>!is, that iniMiems e»i' horM*-])nwe‘rs e»r rle'ctrical 
cnci’jry arc? th'livcrtMl oveT lon^ <listaii<M*s at a vulta^i* 
which would haves bc‘cn uiitliinkabic soim* \«*ar> airn. 
In scicntilic rc-scarche-s, tn'mc'iidously hiy:h veiltairc's 
of flic eu’elcr of millions arc rcepiircel, bill the |»ow<*r 
j^cncratcd (current voltaire*) is not so larire* as in 
cicc’t ro-f c<*h uoh »jry. 

Ih'forc ^<iin;>[ into (IxMlctails of the* sulij«*e‘t, it 
will be* advisable* te» dclinc the s<*alc <»!’ vollairc’s. <n 
that hiyili aiiel low veiltaircs can be di>tiiiiriiislnMl 
from each either. The domestic supply of clccirie-i' 
ty is ejcne’i’ally niaeic at a voltaic which varies from 
TiO to ‘J'JO volts in dii1cr<*nt coiinfrn*s. In India 
the* supply is generally ke*pt -*J() volts with din‘<*l 
as well as alternating eMirre*nt syslem, Tlie latter 
syst(*m (J'Jt) volts A. (\) is unsafe for deimc>ti<’ 
cMinsnmption, and flu* ye*arly list of clee'iroe-ntieni 
casuaitic>s te‘>tilies to it. Ihiblic o)iiiiie)n in India 
should muster sfre-iiirfh and remove* this highly un- 
safe and eibie'ctieiiialih* system eif eh*etrie supply at 
iVJrt V.A.(\ 'rhe eommereial supply systems have* 
their power lines at a mu<*h hi‘»hc*r veiltajxe*, which 
they have to reduce* to the ve>ltay:e suitable* for doiiic*s- 
tie consumption. In the case of A. ( this is eircc-tcd 
very enicie*ntly by means eif translornu*rs, Imt in 
1).(^ system the me‘|hoels of veilta^e re'eliic'tieiti an* 
costly as it ne*cessltatcs auxiliary apparatus which 
are not only exiiensive, but incilie'icnt and incon- 
veni(*nt. Tin* pr'ibhmi of ve)lt.ay:e transleirmatieni 


with I). (\ has be*en soIvcmI by the* inlreieliictieiii of 
;rrid e*ontrolh*el thyratretiis, but the* |)reM‘e>s is still in 
the? cxp<*rinie*n(al stay:e. The iimst u^ual iuc*lhod of 
voll.'ij^e* re>diie‘l ion in I). ( '. is by the* fhre*(* wire* 

sy'stc*!!!, in which om* wire* is ke*pl at Lrreiunel ]>ote*n- 
tial, sothal if thi*rc is an e*|e*(*lrie*al pri'v^nre* ameiiint- 
in*; to I M) veilts betwce'ii the* twei re'iuainiiiLr c*ondnc*- 
fors, (*ach eef I he*m is ‘J’JII volts above* or bc*low the* 

^reiuinl po|e*ntial. Xeiw. in e*iiiuiue‘re*e, :dl these 

volta}e:e*s u)> to 4 Id veilts are* e‘alle*d hiw-voltaeje*, 
while* the rau^e be*t\ve*e‘n I Id veilts and Id.ddd volts 
as his;h'VoIta;je‘. 'I'he* v<*lta;ie*s abeive* Id.ddd are* 
known as supe'r-hijih-voltajre's. In se'ie*ntilie* te*rmino- 
lojry, heiweve'r, voltages a]>eive* I (MUM) veilts are 
known i\< hi}j:h, while* be*leiw' that it is leiw*ve>ltajje*. 

The* main use*s of hi^h-veillatie* e*le‘e*t rie*ity are* 
in (1) peiwe'i* transmis«.ion over lon^ distances, 

(l?) fe*s|iiiu: e»f e*h'clrie*al appliance's u^e*d in peiwer 
traii'Hiuixieiii, (d) iinlu'^trial, ’^iir^ie'al and the*rape‘Uti- 
e*al radioloiry, and (I) s(*icntilie' re'se*arche*<. 

High Vollat^e in Pf)Wcr Transmission 

hy is it. at all m*<'C'«s;iry tei u>e hi^he*r 
voltajfe*^ in the* I ran•^mi''-i^ln of ch'ctricity ? It is 
bcM-aii^c some* ameiiint eifpowe*r is always lost on 
ti‘aii^mi>siiiii fhreiu' 4 h the* e*onelne'l iiiLj wires. '^Fliis 
can be illu>tra(e*d by .in e*\ample. Suppeise* we* have* 
to electrify an are*a wheisc total leiad is Idd k\V. If 
the* lran''mission is elom* at l!*id volts, the* total 
e-iirre*iit that will How tlireinc:li the* «*einehie*teirs from 
the* main ^e*neratiii^ station to the* bii.s-bars of the* 
elistributinsj: e*eiitn* will be l.'id ampe*re*s, and at lid 
\olfs it will be* !)d0 amps. While* at Id.tidd volts, 
it will be* only Id am|icrcs. 'Fhe* losses that take* 
place* in the* (*onehie‘teirs ele‘pe*nel mainly on the* 
ciirre*nt IhiwiiijL; threiiiirh tlu'in, ami also on their 
h*n}jjth and lhie*km*ss, >o that lar«re*r the* cnrre*nt. 


433 


Vol. II. No. il 
MARCIf 1U37 



USES OF HIGH VOLTAGE ELECTRICITY 

iiKirc will 1)c tli(> loss ill iho (‘ondiK'tors oL* the 
ssniM.! <Toss-s('i*tinn. The loss cim lx; rediiec'd 
iiieiv.-isinjx the eross-seetinii of the eoiidiietor hut 
it will entail hiiy:<* expenditiin^. 'fliis loss in the 
eondne(«»rs has two aspects. It brinj^s about a 
drop in voltai^e e(|iial («» //* where /• is the total 
resistance of the lines and this dri)p reapp(‘;irs as 
heat (M|iiivaleiil to /-/■ watts, which has to lie dis- 
sipatfsl. If the conductor which do(‘s not ^(‘t li(‘at- 
ed by 10 amps of (>l('(‘tric (‘iirrent llowin^ through 
it is used for lol) amperes, it will burn np in a 
Hash like a fns(^ wire, 'riiis is bcs-aiise the h(‘at 
jjeiierated is proportional to s(|iiari‘ <»f the ciirrciit. 
In the e.xample taken abovi' the line losses in -‘Jt) 
volt supply winvs can lx* ma<le the same as that of 
the ItMKJt) volts, if the cross-section of tin* copper 
conductor is I.") times ^n*ater in the latter system. 
As this alternativi* is impracticable, tlx? only me- 
thod of redm-iiij; tin* «*(mdnctor losses is by increas- 
in<j tin* volta^jje. 'Fhe lt)t) k^^' supply will lx* made 
at 10,0tU) volts and at the distributing c<*ntre it 
will b(‘ stepp<*d down to *J2t) V ajiain. This trans- 
formation is only possible with .V. (.\ system, .and 
that is why supply contra<‘to?’s insist on hiy:her 
voltage. 

In ptiwer transmission, in areas where the sup- 
ply system is not very extensive, voltaires of the, 
oi'der of iSt)t) to ‘^t)t)t) volts A. t\are used, '^riiis is 
ejenerally true in the ca.si* of town sii|)ply when* the 
consumption is lar^e. '^riie conductors an* kept 
nnder^ronnd and at snitabh* c(*ntr(*s the voltage is 
steppeal down to a suitable value for distribution. In 
rural areas when* <'omparativ<*ly lar^e distances 
separati* the consnminu: centres from the power 
station, voltajres as hij^h as ID k V to kV are used 
(I kV- ItlDD volts). In extensive •rrid schenn*s 
such as exist in many countries like I'aiirlaiid, 
(jiermany and .Vnn*rica, a .still liiy:ln*r electrical 
pressure is nseil. 'I he Kntrlish m'id schenn* is 
workinji; at 1.52 k\ and it consi.sts of larj»;e niiinIxT 
of thermal power statitms dotti'd ail f)ver the Cixiii- 
try and connect(*d with each other. 1’lie lines 
W'hi(‘h connect these stations an* cri.ss-erossin^ the 
whole country and from tlmse lines the power is 


hipped throns:li siib-statimis where the voltaj^o is 
stepped down and transiniited t (jonsiiniintj centres. 
Thc.se sub-lin(*s are fnrth(*r tapped, and the power 
reaches the individual eonsuiners at a safe low 
voltajje. The si/e of these power stations (or the 
total enertry they have to supply to the inter-eon- 
necteil liin*s) depends on the consiiinption of the 
area which it will servt*. The excess of ixiwcr 
which it prodiK'cs after satisfyinj^ hx*al demands is 
fed into tin* ^rid lin(*s so that it can be transmitted 
to distant places with minimnm of loss. 

Then then* arc othci* ^i^antic schemes of power 
jrein‘ration where a source of pot(*ntial enerjry like 
natural waterfall is utilized to prodiiee eleetrieity. 
In snt‘h cas(*s the amount of enerj|:y available is 
very larj^e but the distance between the source ainl 
the sink of em*r^y becomc*s so considerable that the 
transnii.ssioii voltage h:is to be raised still hij^hcr. 
In this country there are some bydro-el(‘etrie deve- 
lop(*ments but they will pah* into insijrniHeanee before 
the Kreat Bonhicr Dam Scheme of southern (^dibn*- 
nia, when* n*c(*ntly (Sei)tc‘m]x'r last) President 
Roosevelt switched on to tin* lines electrical cncr»ry 
amounting to several Imndrctl thousand kilowatts 
at a pressnn* «»f 220 kV, and clcctrilicd a lary:e tract 
of that country containing; vi(*h mining, industrial, and 
a;>:riciiltnral an‘as. ^rin* ^reat cities of Los nicies 
ainl Hollywood have also been connected to the 
seheiin*. 'riiis new hytln»-eh*etrie i>rojeet is a 
trinm[>h for modern electro-technology. Then* is 
aiiotln*!’ ;;i;;aiitic scln'inc afoot and partly in working: 
condition in Soviet Rii.-^sia. It is tin* Dnieper Stroy 
Dam Scheim* on tuc rivi'i* Dniepi*r where eleetrieity 
is ;^rin*rated to b ed a rural area comprised in the 
Republic of rkraiin* and tin? siirroiindin;; territories, 
^riie voltage at whit'll the I raiisinissioii is beinj; made 
is about kV^ while schemes an* in project 

involvinj; a much hij^licr volt.-ij^e, .")D0 kV. 

Tin* cxistcnci* «»H coal Ix'tl in ;i country .sinndd 
not be an arKument for n(*jrh*ctinK its water- 
power resonrees. Ft is true that Knj;laiid and 
J>el';i!ini, haviiij; no water-power, supply electricity 
at a lower cost than, say, Japan or Norway when* the 
Iarj;e bulk f)f electrical power i.s hydn)-cl(*ctrically 
;;en(*nit(*d. A simph* aririiment will c«)nvinc(» us of 
the ncce.ssity t»f hydro-electric j;encraliou wherever 
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they an» ])<)ssiblo. The coal (l<‘posits ;uc limited in 
extent., an<1 at tlie rapid rate of c»»nsmiipti4»ii it is in»t 
probable that they will la.st lon<r. A noted t!:eo|n^i<<t in 
Kn^land estimated that at tlie rate (if eonsiimptidii 
that existed in IHOO, the total «|nanlity of <*oal will 
not last oOO years. Since IHOO, the < onsnmption tif 
coal is mount injr up everywhere, and in eomiiijr 
cle<*adcs it will ris(‘ fiirtlna'. The result will be that 
coal will become scarce within two 4M* thre*.* •genera- 
tions. The liy<lro-chM'lric systems im* bound n|) 
intimately with the destiny of man, (d' hnmn sapictfs 
or ‘mail the wist*’ as In*, in his ^tiipeinhuis vanity, 
calls himself. As has be(*n pointt*d out liy Mr 11. (J. 
AV(‘lls, a inon* appro])riat(* title im* hnm:m 
species oiijrht t4> be /yo/y/o .v/z/Z/z/.v or ‘man tin- fooP 
becaii.se of tin* way he is eatinj^; up and biirniiur up 
his means of subsistence and reserves. 

A Grid sy.stem for India 

In India tin* problem of super- liiL>'li voltage 
supply 4»n a j^rid seln'iin* is still to <*onn'. d'In* laij^e.'.! 
ar(*as wln*r(‘ el<*ctrieal (*ner;»y is consumed an* tin* 
cities of (alcutta and lioiiibay. 'I'In* (ahulta 
hd(*clric Supply is ciintrolled by tin* ( alcnlla 
Electric Su])ply < ^^rp^u•ation. '^riii'. linn manufac- 
tures (‘lectricity fn»m coal ami ha.^ a tolalli'd 
instalh'd capacity of S(),0t)0 kilowiitt.s. Other citi<*s 
in Ih'ii^al and Mastt'i'n India inamiiacture their 
(•lectricity from coal on a smaller .scale. As ^vas 
pointed out in Sciknci-: tVI: Ori.Ti'i;!-: soim* time ajr**. 
mo.st of these* companies charjije prices of electricity 
which are out of all proportions to the mamifactiir- 
inji; charjues and thus make enormous prolitsftir them- 
selves. .A far better plan woiihl be to work out a 
{rrid syst(*m for the whoh* of eastern India. This 
would consist of a number of super-slat ions of coal- 
miniiij^ areas like; Jhe*rriah and A.saiiseil, manufai*- 
tiirin^ eh'ctricity out of coal and distributing them at 
.'I pressure of HU) tei ‘JOO thou.sand volts over tin* 
whede eif ]]cny[al, Hihar, and ( >ri.ssa. A scheme* like* 
tliis will not only make e-lectricity e*he*ap but h‘ael to 
jrreat industrial improv(‘nienl and clliciene'y. In 
other parts of India when* coal is not available* but 
l^rid systems operating em hydro-electric p(*wcr 
resources may be defvi.'^cd. 


'riie most important pmperty ed’ e*h*e*l rie*ity at 
hijrh voltaic is its tende‘ncy to break throu;i;h any 
iiisiiiation which separates the* charged e-oiidiictor 
from another e'oneliK'lor charged to a lower pote*ntial. 
Hence the* de'velopment ed tln-se methods of power 
transmissions took place* when the problem ed' insnl:i- 
tion w.‘is thoron^ihly iinde'islood ami worke*el upon 
through rcse-arche.^ la.'^tinir Ibr decades, 'riiis will be* 
dealt in a late*!* p:irt of the artieic. 

Surges 

As long-tli.stane*e* power ( raiisiius^ion was gaining 
greiimd, it was found that the* powe*!* lines as we*!! 
as the machinery were siibjcel to a large* numbe*r ed' 
disturbance's ed‘ clee*lrical nature* whie*h we*re* 
iieit only ele*trinie>nt:d to the* life of the* ap|>ara(us 
but ill many cases prove>el fatal feir the*ni 
inveilving a rmane*ial lo^s to the* producer, ine'em- 
ve'uicue'e* tei the public :mel iiielil^triali^ts b(*e*au.se* of 
the* failure* eif >upply. ^riicsc elisturbane*es go by 
the* name* ed' ‘t raiisients* or ‘surges' ami owe* the*ii* 
origin le> llie* stoi-age* eif clcctrie*al e*iie*rgy (hat take*s 
ill e*apae*itive and inductive e'ire'iiils primarily ami 
see*einelly eiut^iele the* system ed' e*imdue*tors us(*el in 
the* transmission. / z., in (he* at mo'‘phe*re*. 'fliis Ialte*r 
phe'iiomenoii is generally kmtwn as a(nii»*>pheric 
e*lee*lrie*ily, and its e*ause*s are* mcte‘oredogie*al. Suj)- 
pei>e* that a highly e*hargcd chuiel bank passes ove*r 
:i e*euiejue*te»r e*arrying e*urre*nt at a high vedtage*. The 
cloud will imliie'c e*h'e*( rie'ity e»n the* conductor, but 
;is >0011 as the* clombbank passos ove*r, the* indiie*cd 
charge* will be* set fre*c ami it will raise* the* pote*ntial 
ed'that |)oint e>n the* comhicte»r to an e*xtent whie*h 
adeh'd to (he* high potential aire*ady e*\istiiig there* 
e*an ea-ily bre*ak threiugh any Ave*ak pednt in the* 
insulating pillars on whie h the* e*einebie*t(»rs have* be*en 
iiioimte-d. '^riiis e*xtra-high pe»te*ntial may bt* .se*v(*ral 
time's the voltage* ed' the* line*, ami as the insulation ii.scel 
is gcm*rally meant feer witlcotaneling the* ve)ltage*ed‘ the* 
line*, the* hi'gh pedeiilial thus ele*velope*d bre*aks thremgh 
the iiisiilatiein. If the* insulation ed' the* line* to 
greiiind is sullie-icnt te» withstaml this pre*.s>ure, the* 
pe)tenti:il (rave*ls like* a wave* ahmg (he* e*ondu(*tors 
and enters the g(*nera(ing ami distributing mae*hine*ry. 
n'he iiisiilatiim inside the>se.* machim*s is much fee*ble*r 
compareel tei theese* enitside* be*twe*cn line* and earth, 
and ceinse‘e|m‘n(ly the mae‘him‘s are damage*d and 
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stop workiii^i:. Fortiiii:il(‘ly, tin's :il)iinrniji1 potential 
ris(‘ is iiioiiieiitary, :is the vj-it ‘ti'ansieiits* 

sii;r^(‘sts and its duration depnids mi tlie aiiioiiiit 
ol' iiidiK'cd cliarjrc as woll as on the el(>etri(‘al emis- 
tants of th(‘ line and tiu* inaeliines. A similar 
traiisiiMit plienom<‘ii()ii takes plac’e during a(‘tiial 
li^rlitniii^ strokes on the line, 'riw' other kind of 
iiKMiientary snrj^e is dm* to the indiietive or eapaeita- 
tive action of tin* (‘ondiietoi's <*arryinjj: eiiiTents. 
'I'hes(‘ do luit matter mneh so Ion»r as a steady <Mir- 
rent is llowin;;, Imt when sjhim* switch which controls 
a larj^i* einreiit is closed in or out, the ener«i:y stored 
in the* two a<*tions referred to alxive* y:ive rise to a 
voltajre* snr<;e\ and its action is injurious to the* 
systi'in. Many m(‘thods have keeai deviseel to coiiii- 
teraet th(‘se Mir^evs but it is found that tin* life of 
an insulator nmh*r the* inltm‘n<‘i> of the snri>;es 
<l(‘pends n|)on the com|)o>ition of the material and 
its ])hysical and v‘li(‘mical conditions. It becaiiu* 
lU'ceLssary to test these insulators nmler (*onditit)ns 
whie'h are identical with those tlH*y will actually 
eiu oimte‘r dnrinjr S(‘rviee. || was known that the 
failure* of insulation does not de^pend on the* extent eif 
the* hiiih peite ntial, but on its rapielity of rise anti 
dnratiem. The* iiisnlateir which is sent emt by 
the mainifactnre'r for sale*, is tiist teste‘d te» 
withstaiiel a sti‘aely e*lectrical pre*ssnre* which may 
be^ twice* eu* thrie'e* as ••■re*at as the pote*ntial to 
wliie-h it will be snbje'e*t(*el to in actual servie*e*. 
It i" aNo siibje*cte>el to ail artitie'ially cn*ate*<I 
siirire* wheise rapidity eif rise* anel eliiratioii e*aii be* 
contreilleel. 'riie* me'e'hanisin which e*reate*s this ve*ry 
hijih pe)te>ntial is knetwn as a siirj^e* j;e*nerate>r, in 
whie*h semie* e‘mieh*iise*rs are* <*hai’‘ie*el in parade*! anil 
elise'liai'ircd ill serie's. .Most of the important maim- 
lae*tiire*rs eif insulators, <*able*s (*te* have* the*s(* siirj^e* 
^f‘n(*rate)rs which e'aii pre)elne'e* thri*e te) feiiir millimi 
veelts* pre*ssnre‘ lasting fe»r hnndre'ilth of a s<*e*onel. 
'Fhe* rate of rise* nf veiltaj^e* e*an be adjnste*d so as to 
imitate* the* cetiielitiems existing: in a lijrlitninji: dis- 
e*har^e‘. In a li^htnin^ e1ise*har^e‘ the total peite*ntial 
stre*ss applie‘el te» tlie* insnl:ite>rs may be Inindivd 
time s as j;re*at as the-se* siirere* y:e*n(*ratf)rs, but as has 
b(*<'n emphasi/e‘el, it is not the* value* of the* potential 
that matt(*rs so ninch as its rate* e>f incirase. 1'he 


rate* eif ine*re‘ase eif the* peitential in the case of snrtjje 
j^ern'rateirs e*an be* adjnste*d t.ei be; the*, same as in 
li^htnim^ discharge*, afte*r this te*st the* faulty insula- 
tors are re‘ie*e*te*el. 

X-ray in Medicine 

The* hi^h voltage* apparatus iise*el in power trans- 
mission we*re* Iwiiiy; de*ve*lope*el siele* by siele* with theise 
nse*d in ane)the*r important applie*atiein i.v. raelieilo(j;y. 
'File* ‘rre*at dise*ov(*ry eif X-rays was maeh* in iSdfi by 
W. (\ Iteintf^e*!!, and soein afte*r that it feuinel nse*fnl 
application in snry:i‘ry. \-rays we*re prove*el te> be* 
radiations eomiujLr out from the* tar‘;e*t w'ithin the* 
X-ray lube*. The tai^e*t is bombanle*ii with (*l(*e*treins 
whie*h e*xisl in the* rar(*iie*ei jras in the* tube*, anel 
the* ne*ce*ssary ae*e*e*le*ration eif the eh*e*trons is ]ire»- 
vide*el by a hi»!:h peitential senire'e* applied be*twe*e*n 
the* tar^e*( anel anei(he>r e*h*e‘treiele e'alle*d the* catheieh*. 
Sn that a source* of hiy;h pote'iitial is ne•e*e*s.•^ary feir 
prodiie'in^ X-rays. For two de*e*aeh*s since* the* 
elise*eive*ry eif X-rays, the* me‘lhoe|s of preieliie'tioii of 
the*se» rays w'e‘re* e*rneh‘, primarily Ibr the fae*t that 
X-ray tubes were* ine*nie*ie*nt. 

'riit* inte*nsily eif X-rays of a e*e*rtain pe*ne*- 
tratin^ powe*r ele*p(*nels einly ein the* aineiinit of 
e‘h*etrie* e*iirre*nt thal is passiiiij: throny:h the* tube*, 
while* the* pe*ne*tratin^ peiwe*r ilse*lf eh‘p(*nels only 
eiii the ve)ltay:e* whie*h has l)e*i*n apiilie'il !•> the* 
e*le*e*treieh* eif the* X.-ray tube*. Neiw, in the* eileh‘r 
kiiul eif y:as-lilh*el tnlie*.s in whie*h the* eh*e*trie* 
ciirre'iit was elm* to the* ieiiii/atiem eif the* ri*sieliial 
«r:is, the nnmhe*r eif ions e»r the* e*arrie*rs of the* 
cnrre*nt was Miiall, so that it was iinpei.ssible* tei 
}ie*ne‘rate* inte*nse* X-rays with sne*h tiib(*s. It was 
in iMld that Dr W. I). (\Milieio-i> weirkiii^ in the 
Ke*sea.*(*h I)e*parlme*nt of (i(‘ne*ral ^]le*e*tril* ( 'ompany 
of Amerie-a preidm*e*el a ne*w type* of X-ray tube* 
in w'hieh the* e*arrie*rs of eh*e*trie*ily were* mit 
de*rived freim the* re*sidnal jras but. from aneithe*r 
soiin*e*. This seiuree? wus a white’-Iiot jilame*ut eif 
tuu«rs((.||. ameiiint eif e*Ieetrie*ity W'hie*h e*au 

be* obt.aim*el from this tihiment de*pe*nels upon its 
le*mpf‘rature and diine‘nsieins. Jk*feir(‘ the* advent, 
eif fhe*se tube*s (known as (*h*ertron tub(*s eir (\ioliely:e 
tubes) the* usual me*thod of proelm'in^ hi^rh pote*ii- 
tiai for runniner them W'as IVoin small jndue*tiein 
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coils of low power output, hut fuirly \\\^\\ vol- 
tatje (Mit|)ut. Ill or«|(‘r to work willi X-ray 1iiIh*s 
eoiisuiniiitj: ljir«ro power aiul «riviiiu: very iiiti>iiM> 
X-rays, these iiidiietioii coils wen* hmim replaced 
by transformers. The h‘ad in this direelion was 
taken ill Ani(‘riea wln-n* tin* foolid**!* luhi* was 
dc‘si^ned and ])erfeefed. .\t proeiil tran^riiriin*r out- 
fits an* usual everywhere in X-ray teelini«|ue. 

It was reeojriii/ed very <*arly that lianl X-ray^i 
hav(* strong th<‘rapeiitieal propertii*-, ami have 
distinct healing action on (‘aneeroiis <rrowths. timioiirs. 
and other afleetations of iMimaii body. 'I'lic practice 
of nuulieo-surjrieal radiolojry <‘an be divkhsl into 
three parts: (ft) Ibidiotrrapliy, (/d riiioroM-iipy. (r) 
Therapy- -snpeiTwial and deep. 

Racliography 

liadio}j:r;iphy consists in taking; sliadow plio«n- 
jrraph of iiiiy part of human boily. Siu h a plio- 
to^ratih is ealhsl a radiogram <»r ."kiai^ram, 
in which tin* dens<‘r (*oin|ionents of the exposed 
part of the body absiirb more X ''a\s than the 
softer parts, ^fhe result is that tliese opacities 
throw a shadow on the photoeraphii* plate. In 
this way the oetMirreiu'c of fVa<‘tiire of bones, uial- 
forniation (d‘ or*>:aus and bones, deposit oftuix'reh* 
ami calear(*a, intrusion of ror<*ie;ii bodies can be 
found out. 'riu* loeali/.atioii of fractures and 
foreieii bodies comes under siireical radioloiry, 
while the examination of organs and tiibereiilar 
de|)osits forms part of diagnosis. Ihil both tlu-^e 
involve the piMK^traliiie; pow<*r of X-rays which, 
i>n tin* other haml, depends on the volta<j;e applied 
to the X-ray tub<*. 1die rantje of Voltaire u*-e»l 
varies from oO kV to SO kN' for dillerent operations, 
'rim hiirher voltajres are used when thicker parts 
of tin* body are examined. But condition'* vary 
so mueh that a hard and fa>t rule caiimit be 
jriv(*n in an article like this. The int<‘nsity of 
X-rays is so adjusted th:it it ffood contrast 

on tin* phofoirniphie film of <’eiiain scaisibilify 
within a tiim* whicdi is small enou'rh imt t»» injun* 
the tissues. 'I'ln* practice of iliajrnosis is more 
diflicult because the radioloy:ist has t«» lind difVer- 


ence in the structure of an or^rmi which has 

almost the saiin* opacity for X-rays as its sur- 
riuindiiiir matf(‘r. It ix'qnires a jrood deal of exjierii'iiee 
and judirment to lake a diao'iioHiis i‘:idio^rani, 

and more so in interpret iii<r it. But the sciema* of 
rrnliolojry has advanced ^o much that very reliable 
information can be obtained with ea>e. 

In flnorosco|)y, instead of l.akini' a pholo<rraph, 
the shallow is thrown on a fluorescent screen made 
of barium plalinocyanide sail deposil(>d on it. 

This salt lienins lo jrlow with irreeni'^li lii^hl as 
soiiii as .\-rays fall upon il. 'I'he Ihiorescent iniay:e 
is examined visually. In this arraii^ianeiit, the 

pein‘l rating powi’r of the X-r:iys is mueh less 
than in tin* ea'ic of radiotrra|)hy. 'This is dm* to 
the fai*! that X-rays of irreal penelralinu; pow<*r 
<‘annot make the screen llunrescj* well. On the 
other hand thc‘ inten''ily of X-rays is kept much 
l.ar^m* be(‘ause visual exaiiiiual ioii demands it. 
'The vollam* nseil varies l)(‘twei>n lO and 7t) kV. 

X-ray Tlierajiy 

Lastly, wi* eome to the method of therapy 
in whieh feeble .\ •ray'* of jireat peiielratiiiiX iiower 
are appliisl to some atVected part of tin* liumaii 
body. Very liijLrli viillanes are ummI with this appli- 
cation of X-ra\s. 

'File dose of .X-raV'j whieh is administe'i'ed to tin* 
binly is measured accurately, ami hence the iiuality 
of .\-rays must be nuiforui and repe:itable ; olher- 
wi'ic one cannol be sure of tin* resnlls. In therapy, 
vollai*:es of the order of I DO k\^ t«» 1 *lM) kV an* used 
for dillerent eu'-cs. It rei|uir<*s a very larire amount 
of exi)i'rim«*nlal work fi»r making a])i>aratus which 
wmihl proihice >uch hi^h voltage. and at the saiiu* liim* 
be within the reach of lueilical prac*t itiouers’ purse 
and space. 'Flie devii-es with wdiieli these hyi 
voltages an* iirodneed from apparatus meant foi' 
Workiuu; at a low voltage are very in;j;euii)iis, but 
they (*anuot be described here. I p till IDlM, ‘J‘JO kV 
X-ray hijih-teusion Hjmierators were the hiirhest 
aehievemeiits in the domain of radioloiry. 'Flm 
trouble was not so’ mueh in ‘reneiators as in .\-ray 
tubes. .\t such liii>h voltai^i's tin* usual pli(‘Uiimenou 
of brush diseh:irji:'e, ioni/ation within tin* diehs'tric, 
bejiins to tak(‘ jilace and vitiate the results. 
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.Inst ns linnl X-niys Imvc |iro|M*rtit*s 

in (‘(‘rtniii oryinnic ;iiliiicn(s, iIkj -rnys Iroiii rn<1inni 
nrc iint v«Ty (lillrii'nt I'min llw formi'i* rnys 
linvc loii^ Ihmmi used for (lint pnrpostv l>nt rndinin 
is so (‘oslly tlint n \vid(‘s|)r(‘n(l (‘Xpri'inuMitation in 
nulimirtlnTjipy \v;is out of (In* (|nos(ioii. For n 
iiniiilH'r oC y<*:ii*s, rc'rtniii Wfirkurs in tin’s (icid wen* 
n(((Mnptin;; (<> conslnict nn \-rny tnlu‘ wliicli would 
produce* rnys ol’ tli(‘ sniiM* pe'iiclrntin^ power ns tlint 
of :’-rnys IVoiii rndinm. In tlint ease*, tin* nse* of 
(*xp(‘ii>iv(* rndinm enii In* (*liminnt(*d, niid niso then* 
will he nn added advantage in oni* ability to vary 
the penetrating power of tin* rays to any extent, 
while ill tin* eaM* of raelinin tin* pe^netrability is lix<*<l. 
^rin* nio>t ^in*e(‘s>fnl experiment is that of \V. I). 
('nolid;f<* who in eons(rnet(*d an X-ray tube of 

special (h'sijrn and workiiiii' on “lOO kV. 'Fliis X-ray 
tube is now in tin* po^se-ssion of ( Mn<*n‘j:o ( ’ain*er 
Uesi'areh Institute, ('oolieljre* fnr(ln*r (*xtended the 
raiij^e e»f vollnire t«i .SOO kV ainl (hen to one million 
volts ( ItiOb k\'). 

Side* by sieh* with tlieso improv<*nn*iits in niedh*o- 
radiolojiieal praetiei*, aiiotln*!' d(*v<*lopiin‘iit was tak- 
ing pia(‘e‘ in tin* indiistriai appli(‘ntion of X-rays. 
X-rays of siiirn*ie*nt pein‘tra(in;r [lower (e*xeited 
by lot) to 10(1 kV) w<*r(* b«*iny: ns<*d in radiography 
(»f m(‘liil (*astini»s, foririn”;s, and mae’hiniiij^s. Tin* 
fi-.ielnres, blow hoh*s, ainl olln*r flaws, which 
(*ans<* the failniv «d' (he metal parts wiiile on 
serviea*, 4*an be easily deteet(*d by X-ray methods. 
Tin* voltajie* ranjj:** was oiradnally pnsln*d np, till 
many woi’ks have* .X-ray fnbe*s and auxiliary 
apiiaratns workimr at one million volts. 

Voltage in Nuclear Research 

The methoil <»f prodneiiiiT ultra-hard .X-rays to 
r(*phn*e radium in eaiieer (reatnn'iit stinml:it<*d re- 
search in still another direction, ainl (his fell in the 
domain of sei«*nliti«* researeh(*s on the strnetnn* of 
(he mieleiis. It is well known that lintln*rford :iiifl 
his eolleamies bianbarded atoms with n-partieles 
frmn radium ; and fnnn (he seatteriiijr of th(*se 
(lartieles by the atomi<* mn*lens, In* obtained sonn* 
very iiiter(*stiii!f result-' about its strnetnn*. Alneh 
of onr knowleilgi* of (In* interhn* of (he mielens is 


derived from these experiments. The iiniiiber of 
n-parlieles which wen* used w«!ro small beeansc* 
nidio-aetive snhstane(‘s are costly and their rate of 
emission of «-partieles is small. When (ViolidgeV 
experiments on the prodnetion of X-rays of gn*at 
penetrating power, ap|iroaehing thos(* of the /'-rays 
from radinm, were snee(*ssfnl, it oeenrn‘d to many 
workers to prodin*!* high-s])e(*d pro((»iis (or positiv(*ly 
charged particles) in the saiin* way. In (andidge’s 
exp(*rinn*iits el(*(*trons W(*re giv(*n high sp(*eil, but 
now it was the turn of the proton. It will lx* out 
of t>laee deserilx* tln*se here, but we can recount 
sonn* of (In* dit1i(*nlties eneonntered. The main 
problem was of (*onstrneting a dis(*harge tube which 
would lx* able to lx‘ar sneh a huge* eleetrii* stn*ss, 
but it was solv(‘d in the mamn*r first snggest(*d by 
(‘oolidge. J5r(*it ami Trnve of (^irnegie Institution 
of Washington <h*veloped in 111)50 a source of high 
pot<*ii(ial of .‘5 to 4 million vo' ts, and sncce(*ded in 
increasing it t<» a mn<*h liiglu*!* value, lint tlu* 
ni:iin defect with tlu*ir arrangement was that (la* 
potential was alt(‘rna(ing at a V(*ry high fre(|ii(*ney. 
It was found that tlx* method was not snitable for 
prodiieiiig high-sp(*(*d ))ar(i(*les. 

In tin* m(*an tiim*, Coi'kroft and Walton of 
(’aveiidish Laboratory, Kngland, (*onstrncted gene- 
rators utilizing tin* prim*iph‘ of voltagi* mnltipli- 
eation as in deep th(‘rapy, but in a modified form, 
:iml .sncceed(*d in prodn(*ing steaily high voltages 
as high as S(1(1,000 vt>l(s. This was a distinct 
a<*hievemenl in tin* Held of high voltage pro- 
dn(*(ion, ;iinl tin* re-'iilts (»f I heir exp(‘riinents have 
siiici* bet*onn* ( lassij*. 44n'y gf*nerateil ]a*otons 
from >pe«*ial type of discharge tube and allow<*d 
them to In* •.n‘c<*h*raled by the applied |iot(*ntial. 
When they had af‘(|nired siilli(*ient vehx'ity (hey 
impiiigeil on a target on whi<*h s«nne light eh*- 
ments liki* beryllium or lithium wi*re put. 'fin* 
high-sp(*ed (irotoiis eans(*d tin? nnelei of tin* atoms 
tti br(*ak np or disintegrate. The ])rodiic(s of 
disiiit<*gra(ioii wc*n* exp(*riiii(*iited upon and from 
(In* results imm(*ns(* light was thrown on the 
strnetnre of tin* iineh*iis. Recently Sir Iferlx*rt 
.\nstin, the famous aiitomobih* magnate, has dona- 
ted a prine(*ly sum of Ljri0,00() for building a high 
Voltage Laboratory at (^niibridge under the 
supervision cif Lord Rutherford. The ii(*xt few y(*ars 
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will sec tlic; (I(?vi'l()|»mcnt rl* ros<*:u*«*li 

to :iii extent never renlized hel’inv. ISiif Ami‘rie;iii 
workers were still heiit n|)on iiu-n-jisin^ llie rjiiiije 
oF hit'll voltjitre. It has been said that tin* limit 
of loAV-freqiieii<*y hit'll voltatri* was about a million 
volts ami above that only hitr|i-rici|iicin'y hi-rh 
voltatre <‘an be ti<*i'‘‘i*J»bHl. Ihit the hiirh rre«|m ii< y 
hit'll voltat'e was misiiitabh* For work with >|n‘e<linix 
III) oF ehart'<‘(l partieles as the j'xporiim nt?. of Iheit 
and Tiive proved. 

CoekroFtand \\\*ilton had pi'odnecd >tr‘ady hi<r|| 
voltat'e blit it was below a million. It bet-ami* appar- 
(Mit that with elec'tro-mai'netit* apparatus it was not 
possible to prodiK'e steady voItat'«‘ liiirher than 
a million. Two diilerent idt-as ero|ipei| up IVoiii 
twf) intren ions workers. Om* was Prof. K.(>. Liw- 
reiiee of .Viiieriea who proposed to produec* hitrh- 
speed partieles without hit'll voltat'e at all. 'Plie 
other was From Van de tijraaF oF Mas>af*lui'*>rttN 
Institute oF 'reelmolot'v, who utilized the eli*<-tro- 
statie iiidiK’tion maehiiie. 

In M. ( ). fiawrenee^s experinn'iits a ehartri’d 
partieh* is sueeessiv<*ly t^iveii aii impiiUe .-imountiut' 
to sev(‘ral thousand volts each tiim*. and alter a num- 
ber oF such impulses the kin(‘tie eneriry oF the parti- 
ede beeaim* v<‘ry lartre. V’lieii it arriv<*d at its de>- 
tination, its velocity was siieh as it it had accelerated 
ill a liidd oF tin* value (‘(pial to tin* number oF impulses 
time the :i|)plicd potential. It is clc.ii' I hat the path 
oF the charj'ed parfi»-le will be very larire. In his 
former e.xperiments, he used a >traii'ht path, but 
then he «*auscd tin- particles to move :ilonii spiral 
by means oF maj'iiclii* lii-ld. Vln-ii these parti<*le> 
arrived at. the periphery oF the >pir;d, it s vr-loeity 
corresponded to a potential Fall oF several million 
volts. With this apparatus he sueeeedeil in eoii- 
lirmiii;' the results of (‘o«'kroFt and Walton. 

Van d(; jifraaF in liKM <-oii-'trueted a small eleetr»)- 
statie «'enerator, in which :i bro.-ul paper belt Avas 
moved raphlly ovm* two pullcAs one ol Avhieh Avas 
on the ground and eoiineeted to the shalt i»l a hij'h- 
speed (‘leetri<‘ motor, and tin- otiu'r pulley Avas 
mounted Ini'll aboA’e the ground insidi* a holloAV 
aliimiiiiiim sphen* insulated From the ground. The 


paper belt passeil throiii'h the sphere tliroiii'li ;iper- 
tiires mad(‘ For them. As the b.-lt nioveil rajiidly 
over tin* loAVer pulley, it Avas charged up, and the 
i-harj'e aa'.is earrii-d up to tin- iii-^ulatiMl sphere. In 
the ori^'iiial apparatus hi- sneeeeded iu |)rodm'in^ 
)» to I million volts of pressure Ix-tweeu the I'l'ound 
and tin* sphen-. 

A •'re.-it deal oF experimental dillieiilfy aa'.is en- 
eonnt(-red in i-n-etinj' this liiiih-voltajLii' plant, and in 
its pn-sent Form it is very Far From its oi'iirinal. Ihit 
the experieiu-e i^aiiieil Avas unii|Ue, and it av:is utilized 
by '^FiiA-e oF ( ‘arnejrie Institute oF NN a-'liiiii'ton iu 
atom-ilisint<‘‘'ralin*r <-\periuients. 'rin- ehari'e .it Ini'll 
potential di-velopi-il in these (-h-et I’o-stal ie irenerators 
can be storetl only on the- '*urFaee oF the aluminium 
sphen-s, which act like eondcus«*rs. A lari'e amount 
oF the- eh;irue le.iks away into tin- :iir in the Form i)F 
(-orona iliseharn'e. 'I'Ik- :ihimiiiium -^phi-res used by 
Van de I'raaF AVere :d>out |l) Ft in diameter, and it 
was pri>posed to iu^tal a laboratory litti-il Avith 
lieiH-rators For powt-r Avithin the -phen-. 'riu- |M)A\a*r 
Avoiihl be (h-rived.From the movini!: bell. There Avill 
be two such spheres at some distance aAvay From 
(-aeh other and they will be* ehariied to opposite 
pot(-nlials. 'The diM-harired tula- Avill be (-onm-etetl 
betAVeeii them. Such :i '*eheme is in tin- process of 
buihiini' up at Itoimd Hill in-ar lloston under the 
ailspii-es oF .Massaeluissetts Iie»tilute of 'reehiioloiry. 
It may produce soin-thiu;.' between b") to ‘JP million 
A'olts. Tuve I'enerator Avas on a laboi-.ilory scale, 
:ind in- extended ('oekroFt and ^\'allon's AVork miieh 
Further. 

I Mi'll voltage phenomenon is not only interesting 
but also Fasciiial ini'. 1 liimau ai'eiicy has siieci-eded 
in prodiieini; ailiiieial liirht iiinir Avhieh Avill jump 
over a I'ap oF 7A) Ft. Ihit human inii'euuity is Far 
la-hind the i-Iectrie pofential Avhich nature careless- 
ly |)rodue<‘s in the skii-*'. 

It has been estimated by earel'ul workers that 
potential din’ereiiee ih-veloped b'*tA\’cen the elond- 
baiiks at tin- lime oF disehari'e may In- ;is Ini'll as 
lUt) million volts. Avhile in the casi- oF cloud to earth 
<lis(-hare:e it mieht be many timc'i more. '^I'wo darin<r 
AV«»rker.-«, liraseln- ami l/ini'e, iu (b-nuany atli-mpti-il 
to Use th<-s(- hijL;h-volta.i'e*s lieiierated in the sky bir 
l.-ibonitory i-xperimeiit.s. 'I'liey slret<-hcd a cable be- 
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twfCMi two |jill-toi»s ill Alpine rejricuis where 

tliiimler-stnrins sire very iVeiiiieiil. 'rin? e;ibl<‘ w;is 
insul;ite<l from the Mippt»rts by means of heavy 


pnreolain pieces each of which wc*it<h(Hl 10 tons. The 
laboratfiry was situated in the valhiy below, and a 
eoiidnctor led from the cable to th(* laboratory. Th(‘y 
found that very hijrh poti^ntials eonid lx* obtained 
by these nic>ans. 


Rural Survey in Travancore 

lidvcnclu Duttci Mcijuindcr 


[n I)(‘eember, an ass»»eiation for rural reeoiis- 

tnietion naim'd “Jana-Srva Mamlali’* was formed in 
(Adentta on the initiative of Mr lleiiK'iidra Nath 
Datta with Air Uamaiiaiida (^liattt'rjet* as 
Secretary. My servie<‘s were re(|iii>ition(Ml by this 
association, and in (‘onneetioii with tliis work, myself 
with two eolleajies, Messrs d. X.andy .Majnmder and 
S. X. Datta, proeeedeil to tin* rural (h'velopmeiit 
eeiitn* at .Martandhum in 'rravaiieon* State in Mar<di, 
ItKI.'t. This centre is under the V.M.tAA., and Dr 
Sp(>m‘(*r nat<'h is in (‘liar^i* of tin' ort^aiii/ation. At 
that time a short, one montirs trainiiu;: course was 
bein^ held there', and students caim' from ail pro- 
vinces of India to jf»in tin* coursi*. Tlim’<* were also 
four .Vmericans, one Kii^lishmaii, and one Dane 
in tin* frainiiiji; camp, 'I’he i-oiirx* c<»n>ist<‘d of 
theoretical and prar'tical le»ons in various >iibjeets, 
such as rural sanitation, rural education, |)oultry' 
farminjj:, bee-kei-pin^, rnral survey, etc. 

While at .Martandam, I undertook siirve>> of two 
villaj4«*s — one a health and sanitation survey of 
.Maruthankodi* and tin; other a ^c'lieral village 
survey of Ivannankodt*. In tin* first survey, there 
were in my ^ronp two ladies, oin* Marathi and om^ 
.\meri(‘an, and two gentlemen, (nie local and one 
Danish. In the si eond, I laid with nn* tlir(*<* yjentle- 
men, one from the D. P., om* local, and one Danish. 
.1 take this opportunity of aeknowled^in^^ iiiy j^rate- 
fulness to all my eolIr‘a<rii(.s and the villagers for 
their hearty eo-op(*rati«m with me. A suiiiniary of 
the two siirvr'vs is given below. 


Marnthaiikodi* is a small village, two and a half 
iiiih's tt) th(^ n(»rlh-w(*st of Martandam, situated on 
r<icky and sandy hills which are olV-shoots of tin* 
Western (ihats. The houses an* mostly detacheil, 
one-storieil, and built of mud ami “emljaii”. (Aidjan 
means <'ocoannl. Ieav<*s ; these an* wovt'ii t«»gether 
and then ns(*d. 

From tin* sanitary point of view, the houses of 
the poor are better than those* of the we'll-to-do. 
For the latter, though in a good (*ondition, are 
(*onstrm*t('d in sm*li a fashion as to banish light and 
air. Some five or six rooms are haplia/.ardly Imilt 
without, any properly placed window, ami they hmk 
like* ve*rital)le dnngj'ons. \ poor man’s Inuise 
pn‘s(>nts (jiiite a difVereiil picture, :i miserable thatch 
with broken miid walls and big gajis between the 
roof and the weMs, whicli admit light and air. In 
most of tin* hoiise.N there are palmyra, <*o<*oannl, 
mango, and jack fruit trees in the eompounds and 
the surrounding jihn'cs. Ibilibisii and kitein‘n re*fus<* 
are g<*in*rally scatt(*red all over the eompounds. 'riiere 
is no systematic arrangeim'iit for using tiu'iu as 
manure. Drains an* (*onspi(‘uous by t,h(>ir absence. 
Then^ is no latrine system in the* village*. In einly 
one* he)use did we* find a be»re*-hole* latrine. It is a 
haluti with the pe*e)ple there, irresp(*etive^ e)f age and 
sex, to go into tlm near-by jungles b>r the purpe>se*. 

The villag(*r.s obtain their wate*r-supply maiidy 
freuu we^lIs, dug and built. Very often there are* 
parapet walls, abeuit ft high and built of bricks 
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sHui stoiios. Tn tlift winter, tlio of wnter 

vjiries from 1.3 ft to ‘JO ff, hut in I lie sninim-r, most 
of (ii(> wells ilry, ami the villaji[*-rs tlijr w:itc*r oiH 
of tanks or springs. 

During oiir liealtli ami sanitation survey, we inadi, 
some (MKiniries as to the eeononiie <'om1i(ion of the 
l)eople. 'riie majority of fin* villay:e-foIk an* very 
poor, wlu>I<* families eonsisfiiijNr of five inemhers 
(l(‘pemlin«r iiI)on live* annas a elay, someliiin‘s h-ss 
lor dra}ZK«»fr <»» their existenee. Many of them are 
palmyra-elimbers, a sef>arate easfo hy themselves. 
Palmyra-elimhinjr is an ardiions avoiU ; for fhe men 
liave eaeh to eliinh -10 trees, all ahoni, HO ft hyi, 
twi<*e daily. I did not fiml a sin^h* adnlf palmyra- 
<*limlM*r wilt) liad not a thick, rtuiml e«>ni in fhe 
middle* portiem of his e'he*st, which was the l•^‘snlt of 
constant frie'tion with the frees. The worst viefims 
of ])eiverfy se*e‘ni to he the ( Miristiaiis. One (Mirisfian 
fialmyra-elimhe'r has a family td* (ivt* inemhers :intl 
his montldy iiieoine is only Us. Very few tjf fin* 
(Miristians ptissess lands; some of fln*m are* 
(*at(*(*hisls. 

The* palniyra-e*limhe*rs hehuii; fo a wiehdy elisfri- 
hiife*e| trihe*, e'alleel Izlnivaiis or Ilia vans, iiihahifimi: 
Malahar, Ootdiin, anel '^rravaiieort*. 'I’liey are known 
in Neirtli Malahar as Tiyyans, ami in Ooehiii ami 
^rravaiU’ore* as (’Imvans or I/lnivaiis. Knun the 
etymological meaning td’ fhe woreU * l/lnivaii” ami 
‘*'^riyyan’* if can he inferretl that they are iiimnjrranfs 
from Oeylon. 'riie; worel "riyyaid, aimfher lorm id’ 
‘l)we*e*paii\ me'ans an islander, anel ‘Izlnivair siirnilies 
one* wlio helon^s to 1/ham, an oltl name for ( 'eyloii. 
The*y are elivitletl into se'veral snhelivisioiis nr snh- 
eastes. Broaelly s|)e‘akinir, there are fiiree snheastes, 
namely, 'flyya Ohone, (( ‘hovan) Paiidy Ohone, ami 
Velakamii (’Innn*, in Oo<*hin, ami two, namely, Naeli 
(’heme anel Patdnlli (’horn*, in Travaneon*. 'rin*y 
are alsei elivieled info lllants ami Kirhffints (taiiiily 
^roiifis) which corrcsfioml to fhe Iirahmanie* tjninnus. 

Anionir the.* l/.lnivans, in former times, intermar- 
riajje* he*twe*e*n im'inhers of the same* locality was 
the ride*, any violation of which was visited with 
seie'ial ('xe*ommnnication. Tlie*re* has he(*n, howe*vt*r, 
eif late_^ a teaidency towarels violatiem of this rule*. 


Kxo»raniy is ohs<*rve*el with re‘fe*rcnce to the illaiii or 
hiriyam, (’ross cousin inarriai^e* or marriay;e* with 
tin* daii^hte*!' ed' motln*r's hrother is re«rarele*el as the^ 
best form id' marriage*. A man has fin* liherfy to 
marry more* than one* woman, hnt the practice is 
se*lele)m re*se)rte*el tei. Aelnlfe*ry is le)oke*el down upon 
ami veTy rare? anionir the* l/.liiivans. There* is prei- 
vision for elivore;e* en* Afirhannu Knt/ffJdvt. A 
partneT-hip may he* eli.wdve'd e'lthe*!' hy nnifiial 
e‘iinse*nf e»r at the* will ed’ fin* spoiiv in fhe fedleiwinji; 
ease's, nann*ly, want e»f mnfiial alVee-fioii he*fwe*en 
hiishaml ami wife*, iiitieh'lity em tin* part, ed’ the* Inis- 
hainl or tin* wife*, iinpe»te-ne*e*, harre*inie*ss, levity ed’ 
e'onduct, insanity, anel othe*r like* cause's. 

I/hiivaiis profi'ss Ilindnism. 'rin* intlnem*e of 
the* cnlt e>f Shiva is (rreafe*r upon the*m than that e»f 
Vishnu. Animism also plays a not whedly ne*;j;li^ihle* 
part. Ihif < 'hristianity is ^raehially makiiijr proirivss 
aiiioi)^ the* ponre'i* se‘e*fions. Ane-i'^for-worship is 
pre*vale*nf amoii«r tln*m. '^I'ln* ele*ael aiie'e'sfor is siip- 
pose*el to ])e*e*emn* a ile*irn‘e| spirit affe*r the* pe*rfe)r- 
niaiie'e* ed' fiim*ral rili's and fo |n‘ole*e'f the* nn*nihe*rs 
ed* the* family. .\e‘y:le‘et in tin* pe*rformane'e of fin* 
re'^nlar rile's is siijipeiseel to turn fin* eh'parleel spirif. 
into a pishurhn en* foni, wande*rin^: spirif, dispose*!! 
fe» fake* re*ve*n;re* on the* memh'‘rs id’ fin* family. An 
imlie'afietii ed’ tin* custom of si*rpe*nt-worship is fonml 
in tin* fael that there* is a se-rpi'iif Lijrove* in tin* soufh- 
we*st e*orne*r ed' the* e'ompoinnl ed' the* heiiise* of e*ve*ry 
nn*mhe*r ed’ the* e'aste*, anel that any elisre‘spe*e*t tei- 
warels fhe:*.!* shriin*s is he*lie*ve*el fo e*anse* fin* se*rpe*nts 
fe* e*xe*re*ise‘ an e-vil inllne*ne*e*. 

Kroni ve*ry e*arly time's, tin* eii‘e*npalieni of tin* 
I/.hnv:ins consiste>el in fin* re ‘.iri ii.il!: ninl eidtivafion 
ed’ e'oe'oamit. ami palmyra palms, foihly elrawin;;, ami 
arrae'k-elistillin^. Tln*y alsee inamifae'tnre* e'oarse* 
sn^rar I jajxjie'ry) frenn toehly.*' 

l''reim the* fore'jrenner siirve*y, it will he* e*viele*nt. 
that flie'ie* are fwe» elisfim-f e-lasses i»f vill:i}j:ers 
the* rie'h ami the* poor, 'rin* formi*r are* in innin*- 
eliate* ami nry:e*nl ne*e-d eif he*in^ e*diie‘ate>el in f)e*r- 

■ Tin* social facts re-juanllii*; the palmyra cliiiihcrs have 
hccii taken from Thu Cochin Tribes and Cattes V^ol. 1, hy 
Di I,. K. Aiiaiitha Krishna lye-r. 
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sniiiil Mild pnlilic J^iit wliat tho poor 

stand most in iicchI (►!' is primarily tin* h(*tti*r- 
mcnt of tli(‘ir (‘(‘omimn* (Mwiditinn. A roasoiialiln 
sfaiidanl of living niiist he l)roii;r||t within tlioir 
roach and all olVorts should be diri'ctcd to that 
imrposo. 

Kannanko(l(‘ is a village about <tiu> mile to the 
ii(»rth-(>ast of Martandani. \\\^ MirveycMl ‘Jo houses 
of tin* villas*. Of them 10 an* Hindu ami lo 
Christian houses. The total population of all the 
houses is UO, im'hidiu^ .‘iO adult males, .‘{Q adult 
f(‘inal(‘s, TJ boys, and .‘51 «;irls. The averaj^e niiinber 
of members per family is o. It is (n be noted 
that the number of f(‘mah‘s is l(‘ss than that of 
males in the villay:e. 

Nineteen houses an* deta(‘hed and only six 
(*ontimious. 'I'lie eondition nf 1 houses (belon^Lii^ 
to four Xayar I lindii families) is j^ood, of 10 fair, 
and of J very bad (praetieally until for hunian 
habitation), ^^fuf], eadjan, .sun-dri(*d bri<*ks and 
tiles are tlu* mat (‘rials used in building hons(*s. 
The ehoiee of tin* mat(*rials is <l(*p(*nd(‘iit upon 
(Tononiie. capacity. h]v(‘n in w<*II-to-d(i houses lijrht, 
and V(*ntihition is ])oor, and that is due to the 
defeetiv(» (‘onstruetion (»f buildings, 'riiere an* no 
latrines. O'ln* villaj^ers obtain their water-supply 
from w(*lls, tanks, and rivers. 

Klenientary (‘du(*ation is eiieourajjjed by the 
State ( (OV(‘rnment. O'Ik* mmib(*r of literate* adult 
males is Jl, and that of femals U ; of J7 ehildren 
of school -j^oiny; ajze, Jl are in school. The p(*r- 
(‘(‘iitaj^e* f»f literacy is <11.!], much higher than tlu* 
standard of any Heniral villay:e. 

(’omintj: to o(*eupation, we lind that 10 are 
farim*rs, 1 teacher, J palmyra-(*linibers, I mason, J 
coolies, and J bn.‘'ine.ssiuen. Kij^hly p(*r cent (»f the 
people depend upon a^rieiiltun*, and ‘JO p(*r ('(*nt 
on iiKiiiiial laboiii* aloiu', uuaid(*d by laud. The 
averajxe annual income per family is Hs lol-la 
only. 

The only eottage* industry we found there was 
ja^r^^ery-m■lIviM^^, and that too in only live families. 
The :iv(*ra^e annual net profit per family from 


this .source is Rs 11 •• only. Tapioca, paddy, pal- 
myra, (‘oeoanut, jack, laurel, tamarind, and plantain 
tree.s are amoii}' the crops which constitute sub- 
sidiary sources of in(*onu*. Tlu; average total pro- 
tit from crops per family per year is IN bO/-. 
They do not (*ultivate any kit(*hen or flour garden. 

'riu* farmers are all peasant proprietors. Cn- 
like in other parts of India, sjieeially Benji;al, landed 
middh*-m(*n an? abs(*nt lu*re. Tw(*ntyf(»ur and half 
acres of land arc dry and b acres wet. The per- 
(*(‘nta^(i of wet land is only ‘JO. This is one (»f 
tlu* main n':isons why Kamiankode is comparatively 
free from tlu* evils of nial:iria and hookworm. 

()nly il houses hav(* f^ot poultry yards. Tlu*r(! 
are TJ pure-bred and Jl country fowls. Three 
hons(‘s sell tlu*ir through the Martandani 

Y.M.(\.V. (\)-oper:itive Sah's Soei(‘ty, and two 
thr(»u<rh the lo(‘al market. Four hous(*s eimsiime 
llu*ir (‘‘Tjrs. 'rh(‘re an* no sanitary poultry houses, 
and tlu* peoph* arc* not ke(‘n on iuer(*asin^ their 
stock, 

Tlu* (*alth‘ present a horrible picture. Their 
condition is as bad a'< it can possibly lu*. Fourle(*u 
hoiis<*s tojjether pos.s(»ss (i bulls, 1 b cows, S calves, 
and -I bulValoes. The averajjje price* of a bull is 

IN is of a cow IN 115 -, of a calf Us li -, and of 
a bullalo IN Hi The avc*ray:(* period (»f tlu* 
calvinj? of a cow is li y(*ar.s. In all (*ases, milk 
is consum(‘d and lud sold. Straw and j^rass an* 
^ivc*n as fodd(*r in all tlu; houses, li hous(‘s ^iv(; 
bran, and only 1 house* ii;iv(*s oi]-(*ak(*s also. M'hn*(*- 
foiirths of an anna is the avei*ay:e cost ])er e(»w 

per day. No special lodder is rais(*d. Farmyard 
niaiiure is kept in opi*n spa(*(* and aft(*rwards us(*d 
in fields. Cattle :in; hous(>d iu thatcluul mojisooii 
sheds. 

S(?v(*n housr*s have *uot IJ j^oats, all country- 

bred. The averajje pric(^ of a jxoat is IN .‘5 S -. 
(inis.s, ^reen leavivs :ind oiI-eake,s are i»;iven as 
food. The av(*raj;(? cost, of k(*(*pin«if a ;jfoat per 
day is 4 anna, 'rhere an; no separab; sheds f(*r 

^oats ; tlu*y arc k(;pt alonj; with the cattle. 

The averaije household purchase per family 
per year on .‘u*coiint of a<rricultnral imiilcments, 
clothe.s, betel, tobacco, seeds, furniture, etc,, amounts 
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ti» Its If)/-. Tli<‘ cost of fond is lint iiM‘Iii(l(‘d in 
the :d)nv(‘. Tliirt(‘cii lioiiscs hire <‘nnlies I'nrtMitti- 
VMtinii, :ind nii mm nveni^e OMch liniiM* .spends 
Its. IJ) - p<T year on tliis M<Toiiiit. The aviTajre 
aiiiinal expe^nditnn* per raiinily nn eharitii's (ineliid- 
injj; relitriniis rites) is Us I 

Sixteen hnn.scLs are indelited tn <lie extent nf 
Ks .‘V--! Three houses liave Jenf innne\ ti» tlie 
extent of Ks TOO 'fin* avi'raj^e ainoiint of in- 
debledne.ss per family is |{s 1*01 'll In nn(> 
house we found the rate of interest to lie IJ 
per eeiit. 


No family has any hank at'eniint. Four house's 
liave tetal saving; of Ks l,Sl*J/- in tin* h»rm of 
paiUly. Twentyenu* Innises posse-ss j<‘Wi‘llery worth 
Ks iVJI.'i/-. TIh‘ averajre value of je*welh'ry per 
family is Ks 110 |/-. 

Se'veiiteeii hoiisivs have to pay an animal doe- 
tor’s hill of Ks 71 S 'I’he average per family is 
Ks 1/1/-. 

The? above aeM'oiint of .sona* villa;ie's of 'I’ravnn- 
eon* Slate is yiiven in eirder to imlieate* in <ml- 
line tin' liviiijj; (‘onditions then' and it is hopesl 
that .similar siirvi'ys with details may he carried 
out with (^roiips of viiiatre.s in (»th(‘r parts of India 
to iri't a jrrasp eif the aetnal conditions. 


Indian Science Congress, Hyderabad 


Till’: l*-lth se'.ssioii of (he Indian Science ( ’onj;re.-s 
was h<‘ld (his ye'ar in the city of Ilyderahael 
(IK'ccaii) from the* I’nd to the Stli of *janiiar> ami 
was a jrreat siiece.ss from every point of view, 
thanks to the* liospitality (»f the Osmania l 'nive*rsity 
and of 11. K. II. the Ni/ani\s (jiove'rnmeiit. 'rin* 
loi*al .se'crelarie.s, im'inhc'i's of the local e'onmiittee, 
and the volunteers are to he eonjiratnlated on the 
ellicic'iit maniK'i' in wliich they carried out (heir 
ardiioii.s, .self-imposed tasks. 

'The niiml)er of delegates was about 100, and 
th<*y eaim? from ail parts of India, 'riiey were 
eomfortahly lodj^c'd in tlu; two majiniliceni ho.stels 
of (he Osmania I 'iiiversity and the .sectional 
iiK'ctin^rs were* held at. tin* temiiorary (’ollcjre 
biiildine^s of tin? rniv(*rsity. Tlie presidential 
adilre.ss and i)opular eveninj; lectures were (h'livered 
at the Town Hall, with a view to (irovide an 
opportunity to the «i:eneral iinblic to atti'iid. 
Elaborate and free conveyance aiTan<r<*nients were 
made with motor buses and ears for carry in*r the 


ih'le^ates fnnn tin* lio.sti'Is to the sectional meetiiiy:s, 
popular l(M*(nrcs, e.xcnrsions t«» variinis places of 
intere.'.ts in tin* Stati', and to and from (he station. 

Owiny: to (he unavoidable absence of ii. ii. (In* 
Prim*e of Ih'rar who was to opi'ii the session, the 
procc<*diny:s i»f the t 'onlVrencc wert‘ opcnc'd by Sir 
•Mxhar llydari, who bi't’ore di*liverin»j; his inaugural 
addri'.ss read out a messa|j.’c from ii. K. ii. the Xi/am 
Wi'lcoinin^ the deh'ij;at«‘s t<» his cajiital. In the 
course of his speech, Sir .\kbar .saiil that by a happy 
I’haiKM* the iMth .session of tin* Indian Scii'nia* ( 'oii- 
ii:res.s at llydi*rabad happi'iied to coinchh* with tin* 
Silver rluhilec year of the Ni/.ain’s reiy:n, and In* 
hoped that the dele^'atc.s who had :i.*’:semhled at 
Hyderabad fnnn all parts of India would be abh* to 
notiiM* what, all-round pm^rc.ss the State had made* 
under tin* prcst'ut Ni/.am. The Osmania I’nivi'i-sity 
bon*, testinnmy to tin*, "[real intent of ii. k. ii. tin* 
Ni/am in the educational and (‘ultural uplift of the 
peoph*. I'In* decision to ado|)t Hindusthani as (he 
medium of instruction in the ().<-niania I'niversity 
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was a ^ivat step innvanl in tin* (lin'ction of iiatiniiat 
unity and synllM'si.s. “'Pliat tlf<*i.si<ui is (lit* 
st(»n(‘ of niir <‘dni'atinii:il policy aial fortirn'd l>y 
c.xpcricncc slniids more iiTcv«u*;d)Ic today than it 
di<l in any prcviniis time” 'flie d<*le«rates wen* wel- 
comed in a siiitahle speech l>y Nawal> Mehdi Yar 
Janj;, Viee-( 'haneell(n* of tin* Osmaiiia I niversity and 
Minister of hMiieathai of tin* Ni/aiiTs ilominion. 

^rht> daily proirraimm* dnriii;^ tin* .se.ssinn was 
iix(‘d as usual : sectional meetings in th(‘ morning, 
exenrsioiis in tlie afternoon, and parties and popular 
l(M*tnres in the eveninj;. 

\Ye have already pnhlished the speeeh of Dr 
Venkataraman, the ('oiiirn*ss IVeshh'iit, who is wj‘II 
known throii^hont India for his work on I^laiit 
y:eneli<*s and for the l)re(Mlin^ of the various new 
types of sn;rareaiie plants which are known thnniLfh- 
nnt India as ( \)ini1)atore vari(‘ti('s ami' which have 
mad<‘ the sn^ar industry possible in India. A part of 
Dr Veiikataraman^s address, whi<‘h was not iiieinded 
in onr previous pnblieation, dealt with his work on 
the bree<lin‘r of new varieties of siiirareane. We 
hope to pnblisli an a<‘e(Mint of this w'ork in the in^ar 
future. 

A welcome feature <»f the programme, w’hieh is 
comparatively recent but is o-rowinjr very popniar, 
was a mimber of di><'nssions on a number of impi»r- 
tant and highly int<*res(injj; seientilie topics, 'riu* 
following disen.Nsion.N look phav : ut) Wejreiier’s 


theory of (.\)ntinental drift applied to Tndia, (/>) 
Nutrition, (e) Soil snrvciy of India, (//) Aj*:** of the 
Deccan Trap, (c) Conditioned lleflexos, (/') Cilyco- 
snria. S.hiic (»f the.^e discussions were hiiflily snccess- 
fnl and important from even a purely stdcntiiie 
point of view'. The one on the We^ener^s theory W'as 
able to attract one vahiabh* |»aper from Dr Seymour 
Stwvfdl, eontaininu: an account of the original tiiKliiiirs 
of tile expedition under him in the Arabian S(‘a. 

Th(‘ state of Hyderabad contains a niiinlaT of 
places of threat arehaeo’otrical int(‘n‘st like Ajaiita, 
Kllora, Waranjral, Danlatabad ; exenrsions w'cre 
arranijiMl to these placets and many ilelejrates took 
this o])port unity of visitiiijx these places. Trips w'ere 
also arran^iul to Kidar, ancient (‘apital of the Hahnia- 
iiis w'ho rnled this part of .southern India from 
l.‘».‘57-ir)|S A. I)., to the ancient ca.stle of (lolconda 
W'hich is on tin' outskirts of llyderabid, and to 
Nizamsaj^ar, a laryje artificial laki* of ab<ait IDt) 
si|. mih's foniH'd by bloekin^r a river. 

Aft(*r till* eonchision tif the .session, a immbc‘r of 
dch*^ales made a trip to Kllora and Ajanta,th(‘ w'orld 
famous I'aves, on their w'ay back. Doth these 
cavi's W'ere reached by lonjr motor j«)nrn(*ys 
from .Vnran^abad. ^fr Hafiz, the "l(*hsildar of 
.Viiran^abad, ri'iidered ^reat help to the delej^ates and 
made all the arrangements for convc‘yanee, boariliny: 
and lod^in^, etc. 'riianks to the hospitality of the 
curators of the .Vjaiila and the Kllora eave.s, and the 
tehsildar, the excursion was very siieei'.ssfni and 
thoronj>;hly enjo\ .able. 
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Motes and Mews 

Veterinary Research at Muktesar 

What must be «'on.siclere(l as one of the most ini 
pnrtant advances yet made, in llic eniiipaifrn afrainsl 
India’s livesloek diseases look plaec during tlie 
year a.s a result of many years of intensive work on 
the rinderpest virus. 

'I’lie Direetor, Imperial Veterinary Ueseareh 
Institute at Muktesar, in his report on the Institute for 
the year refers in particular to llie sueeess 

achieved in making a vaccine from the spleen iiifcelcd 
artificially with rinderpesU and points <}ut that 
althouj^h its adoption will reduce and, in the end. 
eliminate any revenue from tlu? scale of anti- rinderpest 
sera, it is a most valuable discovery for the protec- 
tion of the ryot in India, being a rc'inedy which is lK»th 
cheap and perinaiient. 'I'ho method of vaoeination 
known as goat virus alone, using eilluT .spleen or 
blood, will give lasting iminiinity against rinderpest 
— the most dreaded cattle plague in India — with the 
miiiimiiiii ninoiint of trouble and expense. 

As much time as could be spared was devoted to 
the. diseases of poultr}', the mutter b<-iiig now «»f 
considerable imporliinee, as the improv<'ment of pool 
try figures largely in rural development work. As 
a result of the investigations at the institute, con- 
siderable advance has b(Vii made in knowledge in 
regard to the incidence of fowl pox, ami the ef!i<*ient 
vaccine, is now available, for the control of this dis- 
ease. The .search for a similar agent for use 
against the more dreaded eoinpluiiit, Doyle’s 
(Uanikliet) disease, Jiowever, still dudes everj* 
worker, but as a residt of work done in the Serology 
Section last year there is .some slight hope that .suc- 
cess is not .so remote as it previously was. It may 
be hoped that efforts in this direction will be inleiisi 
fied, as soon as the Poultry Ueseareh Section of the 
Institute is functioning. 

Studies were continued on Bovine Haemal uria 
(passage of blood with the urine). The reported 
finding of an Entamoeba as the causative organi.sm 


has not yet heeii confirmed hy other workers. The 
eaii.se of tin' disease, therefore, still rt'inains un- 
dt'termimsl. 

The finding of worm larvae in the lachrymal 
gland of a horse snilering from what is called 
“JVriodie Optlialinia” in certain parts of the 
Punjab was rejmrled hy tile Serology Section in last 
year’s report. As a result of more intensive work 
during llie year under review, the eonstant ])n‘.senec 
of iiiiero filaria in the tissues of the eyes and lachry- 
mal gland ill liiivse eases has been ileiiioii.stratt‘d, so 
that although the spei'ies of worms involved have 
not yt t h(‘t II identified, there eaii no longer l>e any 
iloubt that this eondition is verminous in origin, and 
treatment has now become a siinph* iiialler. 

'I’wo other disc'ases which Iiave recently been 
shown to be diii' to worm infection are hump-sore in 
cattle and prickly heat in horses. Both of these 
wire imdcT study during the year, and it has been 
found that these (siiiditions arc associated with worms 
of eerlaiii aseerta’iied genera. But in neither ease 
has it yet heeii possible to determine the exact 
speei«‘s ri'sponsible. 

The appoint iiienf of a Veterinary Ueseareh Officer 
to take charge of the Protozoology Seelioii has been 
agreed to. and when he joins, the Institute will be in 
a position to undertake investigation of any problem 
in Veterinary /.oology that may arise. 

'I’lie Imperial Coiinejl of .\grieiilliiral Ueseareh 
havt* agreeil to provide f units for the invi'stigalioii of 
tiiber<*u1osis anil .lohne’s diseasi* among animals in 
India and also fiW the iiivestigatinii of contagious 
abortion and the Warble fly pest. 'I’lie details of 
these schemes are now heiiig examitii'd, and it is hop- 
ed to eommi'iici^ work .sliorlly. 

Tlu re lia.s been considerable demand ftir the 
major products of the. Institute during the year, 
which show.s that, as riiidcrpivst is lu'iiig brought 
iiniler control, the field staffs arc able to pay more 
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attcnlion to oIIkt livcslork maladies^ and that tlicre 
is still vrry important work for the Hiologieal Pro- 
ducts Seetion of the Institute to do. 

The fmperial VVterinary Rescareh Institute, it 
may be noted, eoiidiiets researehes into the diseases 
of doiiiestie animals in India, and endeavours to pre- 
pare biological products for the prevention and cure 
of such diseases. When successful, these products 
are sold to local (rovernineiits, the Army, and even 
outside India. Muktesar, therefore, is not only a re- 
search institute but also a large inanufactiiring con- 
cern. 

Rut though the primary function of the Institute 
is research, and it is not run on a profit-making 
basis, it so happens that a good deal of the expendi- 
ture on research is recou])ed through revenue from 
the sale of the products maiiiifaetiired by the Insti- 
tute and its Sub-Stalion at Izatnagar. 

During the Institute sup))lied pro- 

ducts, in the shapi'. of serum, vaccines and 
diagnostic agents, to deal with such varied 
conditions as rinderpest, anthrax, haemorrhagic 
septicaemia (malignant sore throat), blackquartcr, 
tuberculosis, Joime’s disease, and contagious abortion 
in cattle, strangles, contagious abortion and glanders 
in horses, and fi)wl cholera ami fowl pox in poultry. 
The total quantity of these products manufaetured 
during the year was .‘D dos<;s, and a sun of 

Us. 5,1 was realized from their .sale. 

'rile total income of tlie Institute for the year, 
ineluding all sales both at Muktesar and Izatnagar, 
amounted to Us. 5,H,Hi;-, and the expenditure l«i 
Us. - so that tiu* nett c<ist of the Institute 

to the CJoveriiinent of India was less than 
Us. 1,50,()00|-. 

Survey of India 

How few people know that though India is In'ing 
mapped yearly at the rate of 40,000 sqiian* miles — 
an area roughly that of England—, yet she would 
require some 15 years more to have a complete 
modern map.^ 

Ihc work is being carried on, from year to year, 
not without oceasional adventure, by the Survey of 


India, with its eleven Parties, through .snows and 
sands, on mountains and in deserts, in forests and in 
plains. 

But the hopes expressed in 1905 — that modern 
maps on the scale would be available for the entire 
Indian Empire within 25 years — are. still far from 
realization in just over half the total area of 

India having been completed by now on that scale. 
Although new surveys are carried out every year, 
covering nearly 40,000 square miles, the maps of a 
large part of this siih-coiit incut are still over 50 years 
old, printed mostly in black only and with hill features 
shown by roughly skelehed form lines or hachures; 
all such changes in town sites, canals and communica- 
tions as have been embodied in them have not been 
surveyed on the ground but have Iwen entered from 
data gathered from outside sources. 

In 1915, when it was realized that for various 
reasons it would be impossible to complete the V* sur- 
veys in the time allotted, a seliemc for the reduction of 
the scale of survey in the less populous areas was 
sanctioned by the Secretary of Stale. But in spite 
of the reduction in sale, only two-thirds of the country 
is us ycl covered by m<»dcrn maps. 'Fhc t<-ndeiiey to 
revert to the V' scale in special eircumstanees, such 
as in areas of more liian ordinary military, geological 
or engineering importanee, the ncressily which fre- 
quently arises to rc-survey on the scale areas which 
have already been surveyed on smaller scales as the.y 
grow in importanee, the necessity for the comparative- 
ly frequent revision of existing surveys in the more 
]iopulous areas, and last hut by no means the least 
iinportanl, the recent urgent necessity for economy- - 
tall tJicse factors have operated to delay still further 
the eoinplelion of the programmes even as amended in 
1915. 

Dwiiig to iiiianeial stringency, the establishment 
of the Department was severely cut down and its 
annual expenditure halved in 1951. Since that date, 
though original surveys are being carried out at the 
rate of almiit 40,000 square miles )>cr annum, India 
would require some 15 years more to complete its 
survey programme. 

During the year 1930, for which the report has 
just been published, survey was completed at 57,036 
square miles, of which 3,987 square miles were areas 
previously surveyed in the more thickly populated 
districts and now brought up to dale. Original survey 
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was completed in 53,049 square miles on various scales, 
thus completinfi^ for India a total of 1,304,453 square* 
miles of modern survey up to the present, leaving 
580,187 square miles yet to be surveyed. 

'rhe methods used were mainly tri angulation or 
traverse framework, with the details filled in by 
plane table, or in some eases surveys from air photo- 
graphs. 

Various largeseale eity and eantonmeiit surveys 
were also carried out, the most notable amongst which 
was the combined air ground survey of Nagpur in the 
Central Provinces. 

The first authoritative map of India, it may be 
noted, was published hy D’Anville in 1752, wlien the 
exploration of the then unknown India was still large- 
ly in French hands. It had Ixien compiled from re- 
ports of solitary travellers and rough charts of the 
coasts. 

The Survey of India may be said to have been 
founded in 17G7, ten years after the Hattie of Plassey, 
when Lord Clive formally a])pointed Major ,Tames 
Pennell, the first Surveyor-General of Hcngal, at the 
time the most important of the East India rom])anv’s 
poss(^ssions. 

Penneirs maps were originally military neon- 
naissanees, anil later general surveys based on 
astronomically fixed points, and did not pretend to the 
aeeuraey of modern maps of India based on the rigid 
system of triangulation eoinineneed at Madras in 1802 
and since extended over and beyond India. Flven now, 
however, the relative accuracy of these old maps makes 
them valuable in legal dis])utes, as for instance in 
proving that the holding of a Hengal landow'ner was 
river area at the time of the Permanent Seltleinenl 
of 1793, and that he is therefore, debarred from the 
benefits of the Permanent Settlement. 

From these beginnings, this ne])artment (the 
Survey of India) has gradually become primarily 
responsible, for all topogra])hieal surveys, exploration 
and the maintenance of geographical maps of the 
greater part of Southern Asia and also for geodetic 
work. 

In the past the Department u.sed to carry out 
large scale revenue surveys for most of India and was 


still doing tin's work for Central and Kastern India 
and Purina in 1905. '['hough the revenue survey is 
primarily a record of individual proprietary bounda- 
ries and has iiotliiiig to do with surface features, 
ground levies and exact geograpliieal position essen- 
tial to a topographical survey, it was on the whole 
found economical to carry out both these surveys 
together. 

Hy 1905, however, the sinallscale topographical 
surveys, compiled from the largeseale revenue maps, 
had fallen seriously in arrears owing to tlie relatively 
smaller eompass and ineoinpleteiiess of the latter, 
on which " waste " non-revenue paying areas are 
normally shown blank. 

An authoritative Survey Committee appointed 
hy the f/overnmi’iit of India considered the po.siLioii 
in 1905. It was apprehended that the sejiaralion 
of the topographieal and the revenue surveys might 
result in a wasteful diiplieatiori of work and in the 
overlapping of two mutually disiTepaiit .systems of 
mapping. It was deeided, tliiTefore, that the basis of 
both |]je systems of survey should he identical, and 
lie provided for hy the Survey of India or uiuUt its 
supervision. Siihjeet to this principle, tlio remain-* 
ing revenue surveys were handed over lo the Provinces 
and the Survey of India was put in a ])o.sitiori to 
concentrate its energies on a complete new series of 
modern topographical maps in several colours on the 
I" lo the mile .seal". 

'I’liis new series hail heeii rendered iieeessary hy 
the natural demand fur iin)re detailed infonnalion 
to he shown on maps, espeeially as regards the por- 
trayal of hilly fealiires hy enntoiirs, proper ela.ssifica- 
tion of the eommuniealions. and reeeiitly hy air traffic 
requirements. 

It was iiiteTided that this 1905 survey should 
he eoinpleled in 25 years, and then revised periodi- 
cally every 30 years. Owing, however, lo the War, 
and more reeenlly ret reiiehmenl, only about two thirds 
of the programme had been ^•llmpIeted hy 1930 in 
spite of the reduction of the scale for the le.s.s 
important areas. 

The maps published during the year include 
lo])ogra]>hieal maps on scales between l/S" and 1" 
to the mile, small geographical maps on scales of 
10 and 32 miles lo the inch, and special guide iiiajis. 
Province maps, etc, 'I’lie total number published 
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during tlic yrar was about 650, and the total map 
slicets now in stoek and available for issue to the 
public number 2.] millions. 

The Mathematieal Instruments Office, inaiiitained 
by the Department at C’aleiitta, assists all Government 
Departments as well as non-oflieial by main- 
taining up-to-date instruments and optical equipment 
and by tnatiiifaeluring and repairing instruments 
M'hieh would otherwise have to be replaced from 
abroad. 

An important part of the activities of the Depart- 
ment was its geodetic work. Ksseiitial as geodesy 
is in any large survey, it may be said to the credit of 
India that she was the first to have iiiiliattHl syste- 
matic gravity investigations now being c-arried 
out intensively in all I'ivilized countries. Indian 
geodesy has disclosed wid»‘spread anomalies of the 
gravitational dir(‘(‘tion in the I'arth's crust which have 
recently led to a n'cnnsideratioii of the whole theory 
of isoslasy. 

Geodesy nu'aiis the, investigation of the si/.e, shape 
and strneture of the earth, whereby points fixed by 
triangulation can be accurately located on its curved 
surface. This system of fixed jxiinls holds together 
all topographical and revenue surveys, and the exis- 
tence of such a system from the early days of the 
Deparliiient has enabled to evade the einbarrassiiieiits 
caused in other countries where isolated topographical 
surveys have been started without a rigid framework 
with the inevitable result that they could not l>e filled 
together. 

There are, however, a number of other activities 
which can be suitably (‘ornbiiied with geodetic work, 
and the following are some of those which are being 
carried out in India: I’reeis*- levelling for the deter- 
mination of heights, tidal predictions and the piibli 
cation of 'Fide Tables for H ports between Suez 
and Singapore, magnetic survey, observations of the 
direction and force of gravity, astronomical observa- 
tions to determine latitude, longitude and time, and 
seismographieal and meteorological observations at 
Dehra Dun. 

Though tin* primary duties of the Survey of 
India are geodetic, topographical, and geographical, 
the Department is also developing co operation with 


local survey agencies with a view to mutual economy, 
and is now doing a con.sidcrablc amount of miscella- 
neous outside work on payment, besides advising and 
assisting the Provincial Governments with local and 
settlement surveys as required. 

A special Party, it may be mentioned, was form- 
ed in October 1935, to assist the Sino-Burinese 
Boundary Commission. 

The work of the Department during 1936 has 
not been without adventure. A Party penetrated the 
"Inner Sanctuary” of Xanda Devi, of which they made 
a photographic survey under very arduous conditions. 
.\ surveyor and his party wt^rc almost overwhelmed 
by a severe snow-storm in the upper reaches of the 
Gangotri (ilaeiiT in Tehri-Garhwal, and narrowly 
escaped with their lives. Surveyors accompanied the 
Visscr Kxpedition to the Karakoram in 1935, which 
rt‘turfH‘d to India shortly after the opening of the 
present survey year, with satisfactory results, and a 
surveyor is still with Sir Aurel Stein on his archaeo- 
logical expt'ditioii to Iran. And it goes without say- 
ing that in portions of the area under regular sur- 
vey, elephants, tigers, and panthers were numerous 
and gave tin* alarmed surveyors some; uiu'asy moments. 

The net actual cost of the Department for the 
year, after deducting recoveries amounting to Its. 10 
lakhs, was Rs. 21 lakhs. 

Archaeological Survey of India 

Had India a prc-hislorie civilization long before 
other countries of the world which have a history 
had any? 

A partial answer to this question will he found 
ill the i onsfdidated annual report of the Archaeological 
Survey of India just issued l»y the Direetor General 
of Arehacology. 'i'lie record of the sleaily and conlinu- 
t>iis diseoverh's made during the last decade almost 
makes one think that the time is not far di.stant when 
it would be possible to write the aiieicnl history of 
India anew, with fidler and more accepted details. 

A linear measure with regular markings showing 
onee again and eoiifirming the eoiielu.sion already arriv- 
ed at as a result of a previous discovery of graduated 
w'eights ill the decimal and binary scales, that the deci- 
mal .system was known and used in India in about 2700 
B.C. was one among the interesting discoveries made 
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at the excavations at Mohenjodaro in Sind which were 
continued up to the end of 1931. Amonj^st the other 
important finds arc a clay seal depietinfr a complicated 
legendary scene of tree worship and a drawing of 
great interest portraying a river Iniat. Evidence has 
also been found about the recurrence of floods which 
brought about the decay of the town. 

Excavations at Ilarappa, the other city of the 
ancients in the Punjab, conducted by Mr. ^fadho 
Sarup Vats, have resulted in tlic discovery, amongst 
other things, of a number of skeletal remains and 
poliery jars with skulls and human bones. These arc 
about the only definite burials known of the ancient 
Indians in the Indus Valley. Another discovery as 
a result of recent excavations is a portion of the city 
which can justly be described as workmen’s quarters 
in contradistinction to the more substantially built and 
commodious houses of the rich and middle classes. 

A brief account is also given of Mr. N. (i. 
Majumdar’s valuable explorations in Sind. These 
explorations reveal the existence of a number of [irc- 
historic settlements, .some in the hilly region and 
others on the banks of a lake, and add to our know- 
ledg<! of tlie conditions of life in those far-off times. 

Other important excavations during the period 
covered by this report w'cre those at Paharpur in 
llengal, Nnlanda in Hihar, and last but not the least 
at Taxila in the Punjab. 

The excavatiiin of the lofty temple and magnifieeiit 
monastery of Paharpur which started in 1923 has 
now been completctl, together with the excavation of 
a similar site alino.st adjoining it, known as Satya 
Pir Bhita, which is now identified as the iein]ilc of 
Tara, the Buddhist Saviourcss. The Monastery of 
Paharpur, ineasiiring 922 ft. by 919 ft. contained 
nearly 200 eubiedcs for monks, arranged around a vast 
<'ourtyard with an imposing four-terraced temple, in 
the middle and various other structures at other points 
ranging in date from the 6lh to the 11th century A.D. 
The structural complex at Paharpur is one of the 
most gigantic establishments ever found in this coun- 
try. The credit for this niagnifi<*c‘nt piece of archaeo- 
logical work goes largely to Rao Bahadur K. N. 
Dikshit. 

Nalanda, one of the most prominent centres of 
Buddhist learning and devotion over a thousand years 


ago, is now found as a result of systematic excavations 
to have consisted of a scries of sacrctl shrines and 
monasteries erected in rows. Several further shrines 
and monasteries have beim brought to light, although 
the operations arc as yet far from complete. The 
most iinporlanl dise«n’eries at this site arc .some ex- 
tremely fine stone images of Buddhist deities and a 
large hoard of bronze images belonging to the Gtb — 
loth fVnturies A.l)., of many of which photographic 
plates have boon given in the. report. 

'riie most intensive cam])aign of excavation con- 
ducted by tin? Archaeological Survey at one place is 
at the ancient site, of Taxila, which has from the 
earliest times dominated the approach to the Indian 
plains from the North West. The present report 
contains the last contribution on the work at Taxila 
from the pen of that distingiiislu'd excavator, Sir John 
Marshall, who personally eonducti'd this work for 
over 20 years and has left Ix'liind him in India a 
sphmdid example of how siich work should be con- 
ducted. In an intrt)duetory review. Sir John sum- 
marizes his latest conclusions on the various influences 
that are in c vicleiiee at 'I'axila and gives an illuminat- 
ing analysis of siiec'i'ssive eiiltiiral strata which he has 
so skilfully luuarthed. 'I’o the dozt'ii or more sites 
comprised within 'IVixila, whieh have, already been 
explon‘d, Sir John has addt'd two more, namely 
Bhamala and Kalawan .MonasttTies, whieh were 
cleared during the pc'riod covered by this report. 

One of tlic most inlfTt'Stiiig portions of tbe report 
deals w'itli tin* discovery of Biiddhistie and 
Brahinanistie wall paintings in Burma by Mating Mya. 
These arc fully illustrated in tlie. plates and the 
eoloured froiilispieee n-produees an exceedingly inter- 
esting and fine fresco of the lOili Nth eeiilnry, a 
period of wbieli m» jiaintiiigs liad hitlu'rto bi‘en known. 

Details are also givt'ii of voluminous ejiigrapbieal 
works and of numerous discoveries made during the 
years covered by the report. The museums during 
this ]>criod have been steailily enrielu'd wdtli numerou.s 
objects of tlie greatest interest ami value to areliacolo- 
gists and lovers of art. Among tlio.se .so enriched the 
Archaeological Seetinn of the Indian Mii.sciiin at 
Calcutta of course ranks the foremost. But all the 
minor museums under the care of the Department, at 
Taxila, in the Delhi and I.ahorc Forts, al Sarnath, at 
Kalanda, at Mohenjodaro, and at the Central Asian 
Antiquities Mii.scum, New Delhi, al.so have had fresh 
acquisitions. 
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A lonp: enumeration of finds of various importance, 
among which the most outstanding is tlie large find 
of medieval bronze images at Kurkihar, now deposited 
in the Patna Museum, is recorded in the section on 
Treasure-trove. 

Excavations and new discoveries were, however, 
not the only activities of the Department during these 
years. Active steps were taken for repairing and 
restoring what time had made dilapidated and decay- 
ed, and the Arohaeologii*al Chemist, Khan Bahadur M. 
Sanaiillah, was exclusively emplo3'ed on this work. 
The number of monuments whieh have been repaired 
by the Department during the j’cars under review, 
runs into huiiflrcds, of which the two outstanding 
instances are the extensive conservation work carried 
out at the ancient Buddhist Monastic Seliool of 
Xalanda in Bihar and at the other famous Buddhist 
sih*, Rajgir. where during the repair works and the 
clearing of the neighbouring ground, another cave of 
considerable historical importance was discovered. 

'riie report now issued chronicles the activities of 
four years ending jVfarch. A novel feature and 

one of great value to students and interested readers 
is the addition of an index at the end as well as a 
short but useful glossary of technical terms. 

It may be mentioned that the results achieved were 
obtained in the face of heav^’ odds. “Although there 
are a iium])cr of discoveries of no mean importance 
embodied in this volume”, the Direet<ir-Gcneral of 
Archaeology observes, “the year 1931 marks the be- 
ginning of a severe finaneinl stress and a general 
decline in the activities of the Department. All the 
branches of the Archaeological Survey have sufTered 
from this serious handicap of lack «if inoiic}'; cxeava 
tions had to be reduced to the minimum, and conserva- 
tion confined to the most urgent repairs onlj’“. 


Air Survey of Nagpur 

A Ifi-ineh to the mile map of Nagpur City and 
its environments has just been completed from air- 
photographs taken by Indian Air Survey and Trans- 
port Idd. combined with ground-survey, drawing 
and map printing by the Survey of India. The total 
area mapped covers approx imatel}*^ 82 square miles, 
of w’hich 14 are mainly conge.sted city area and 18 
are suburbs and surrounding country; the map of the 
city area was produced by rigid survey methods 
and will be published in colours, while that of the 
rest is taken more directly from the photographs, 
with less ground cheek, and will be in black only. 

'riiis method of air-cum-ground survey is lieing 
adopted widely in India as it aifords far the cheap- 
est and quickest method of producing accurate maps 
of congested areas on medium scales. A further 
advantage is that a photo-mosaic, can be prepared 
which supplements the information appearing on the 
map, and on wdiich every tn*e and bush is easil}' dis- 
cernible. 'rile stereoscopic examination of pairs of 
photos yields a perfect picture of the ground in minia- 
ture on which everything stands up in relief. When 
preparing the map, to correct any distortion, to 
clear up doubtful points and to complete such areas 
as are hidden by trees, etc., it is necessary to ink 
up the photographs on the ground, after taking the 
necessary measurennents, etc. I'his inking up u'as 
done, in the <-ase of Nagpur l>y a new method f»f 
working on blue-toned prints, llui blue disa]>pear- 
ing when the field sheets arc .siibsequeiill^' photo- 
graphed for completion of the map. 

Apropos of air-survey, it may la* mentioned that 
a folding mirror stereoscope for the stereoscopic 
examination of air-photographs has recently been 
made by the Mathematical Instrument Office of the 
Survey of India and has been found very satisfactory. 
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Science in Industry 

Indian Lac; its Possibilities 

A recent estimate made of the production and 
consumption of indigenous lac reveals how India is 
yet far from making the fullest use of her lac wt‘alth. 
I'he total lac production in llritish India though yet 
much below her producing capacity was in H):n> 
11,27,000 maiinds, and the value of lac exports 
amounted that year to Us. 1 ,58,10, •i5«5. The home 
consumption, however, was only 21,000 tnaimds, or 
barely 2 per cent of the total production, and appro' 
ximatcly equivalent to 8 per cent of llie total exports. 
These figures tell their own tale, and show that 
the industrial possibilities of lac yet remain iinexplurt'd 
in India, while good use is being made of it b}' those 
who arc importing it. 

The only well known and widely adopted use of 
lac in India is for polishing furniture. Most of the 
carpenters in Northern India, if not all, buy small 
quantities of shellac at a time, dissolve it in methylated 
spirit and use up the polish for their immediate re- 
quirements. But this use of lae can obviously absorb 
only a very limited quantity of the produce. Another 
use for it is in hot lacquering of w'oodcn toys, pen- 
holders, etc., with coloured lac sticks. But in this 
use, too, the consumption, though on the increa.se, is 
yet very small. A third way in which lae is utilized 
is in the manufacture of bangles from refuses lae. 
Refuse lac is also ihscfl in filling hollow gold and silver 
articles. But in both these uses consumption is on the 
decrease. On the whole it is not perhaps incorrect 
to say that all the above uses put together do not take 
up even one per cent of the total lac ))roduce in India. 

So far as shellac moulding is concerned, it appears 
to be confined in India only to the manufacture of 
gramophone records. Originally in plastic mouliling, 
use was made of rubber, bitumen, nitro-ccllulosc, ca.se- 
in and similar other materials. Shellac came in when 
it was found that it could be used in the moulding of 
telephone mouth-pieces, electric insulators, buttons, etc. 
But shellac was only one of a number of other suitable 
materials for the moulding trade, till tlie rise of the 


gramophone record inilustry gave shellac the unique 
place ill the inilustry which it now occupies, no 
synthetic resin having yet been able to replace it in 
this Held. .Vmong liigh-elass gramophone records, 
those witii a shellac base arc still uiiiiouhtedly the best. 

'flic steady iinprovciiiciit in the condition of the lac 
industry from IPOO onwards is iliic in a large measure 
to the growth of the gramo])hoiic industry. At pre- 
sent, 10 to .'iO per cent of the total oiilput of lac is 
c‘onsiimcd in the maniifactiirc of gramophone records. 
Though the radio threatens to be a formidable rival 
to the gramophone, it is possible Unit this increasing 
competition will only bring about for a long time to 
conic A diversion of markets rather than a shrinkage. 
In the Bast, for example, there is yet a large jHilciitial 
market for gramophones. It is not improbable that 
it is largely to explore this market that .Tapaii during 
the last two years lias considerably increased her tak- 
ings of shellac. A few new ventures arc also being 
started in Bombay and Calcutta, but in its present 
slate, the local industry consumes no appreciable 
quantity of the total. 

The gramophone industry, besides being the largest 
moulders, has taken up elsewhere other types of mould- 
ing too. In Tonbridge, Kent, for instance, handles 
(electrical), hand wheels, wireless control knobs, 
panels, ete., are being manufactured from lae. In 
addition, it appears that shellac is being used, either 
alone or in eombinatioii with syiitlietie resins, for the 
manufaeture of moulded articles known as Duranoid, 
Laeanite, uiul Insulate produced in the United States, 
and Soliilite ])rodueed in England. 

Ill Ihc electric insulation trade, shellac mouldings 
were of very common oeeiirrenee nearly 15 years ago, 
but the advent of synthetic, resins has atTeeted shellae 
in uses where higher thermal resistivity is required. 
But because of its relative cheapness, its superior jier- 
formanee in a special held (where sparks are likely 
to create tracks), and its improved thermal properties 
on prolonged baking, slicllae still holds its ground sue- 
eessfully, in many spheres. In the electrical industry, 
therefore, there is yet considerable use for lae pro- 
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ductSj chiefly as insulating varnishes and as a bonding 
material for laminated insulating articles, such as 
paper boards, pajxT tubes, etc., and for bonding mica 
flakes to form mieaiiite sheet. It is also used as a 
bonding cement for basing electric light bulbs and 
wireless valves. 

In the moulding of buttons, shellac has practically 
given place to casein, urea resins, and east ])hennlies, 
and .so far as the moulding of general utility wares 
is concerned, the phenolic and urea resins have practi- 
cally created for themselves the licld which they are 
now supplying and shellac liad never a place in it. 

I 

Hut still th(‘re is a wide range of miscellaneous 
industries which use shellac. Of these, mention may 
be made of the hatting trade in which lac is used as 
a stifTeiiing agent. Nearly 10 per cent of the annual 
lac output is eonsunied in this industry, and in this 
line synthetic resins have not made much advance yet. 
Other industries which use shellac arc sealing wax 
manufaelure, leather fltiisliing, rubber flnishing, paper 
flnishing, photographic negative varnish, tinfoil flnish- 
ing, manufaelure of lithographic? iidv, cements and 
gums, munitions and fire works, emery grinding, wheel 
industry, and confect ioncry. 

In general, it may be said that in spite of the in- 
troduetioii of synthetic resins, the export of shellac 
has nut sensibly diminished, and that in the plastic 
fleld, shellac fulfils practically all the recjuiremeiils of 
the gramophone trade and a fraction of the electric 
insulation trade, but with improvements in heat resist- 
ance and mechanical stn'Ugth, a v('ry wide field of 
application which the synthetic resins have opened 
up can still be exploited by .shellac, either alone or 
in combination with other resinous materials. The 
Indian Lac Ttesearch Institute at Naiukiirn and its 
fellow research organizations in J^oiidon and New 
York arc actively engaged in investigating these open- 
ings, together with the imssibilitics of improvements 
ill cultivation, pest control, etc., which will lead to the 
production of a better grade of raw material. 

In the moulding of common articles like eontainer.s, 
soap cases, bottle caps, pen and inkstands, pin cushion 
base.s, knobs, door handles, etc., the results already 
attained by the Indian Lac Ucscarch Institute are con- 
siderable, and with proper assemblage of factory 
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equipments, the country may hope to sec the inaugura- 
tion of this important industry in the near future. 

The scmi-tcehnieal isolation of hard lac by the 
I^ondon Workers under the Lac Cess Committee haa 
opened up the prospect of a new field for shellac in 
practically every industry which requires better me- 
chanical, thermal and electrical properties. The 
recover}' of waste shellac, an important factor in the 
indigenous process of shellac manufacture, has also 
been tackled by the Indian I^ac Research Institute 
which will have an important cflcct on the general 
quality of shellac and shellac products. An encourag- 
ing factor is that the present price of shellac is half of 
Hie price of bakclitc or moulding powder. 

During the last session of the Council of State, 
it may be noti'd, in reply to a suggestion that the 
duty on bakelite powder should be reduced, Govern- 
liwnt explained that as moulded goods were also being 
manufactured in India from Indian lac, reduction of 
duly on moulding powder (bakclitc or other types) 
would cflcct prejudicially the prospects of such manu- 
facture from indigenous natural lac. 

With the wide range of utility which shellac 
Iiosscsscs, shoulil not Indian enterprise be forthcoming 
to exploit a produce which is practically a monopoly 
of India and which India can produce in yet larger 
and larger quantities? There arc possibilities of ex- 
pansion both in the external and internal markets and 
India must needs explore both. 

Vegetable Oils and Oilseeds 

The Imperial lu‘onomic Committee, in a statistical 
review of world production and trade entitled 
iablc Oils and Oilseeds**, points out that the consump- 
tion of fatty oils of vegetable origin has developed 
enormously with the in(?reascd demand for fats, 
although animal products, that is butter, lard and 
tallow, remain the principal individual fat.s of com- 
men-e. The seeds and nuts of many difl'creiit jilanls 
and trees can be made to yield oil, the review deals 
w'ilh those of chief commercial importance, (and in 
view of the strength of its rivalry adds a statement 
on whale oil.) 

The Hritish Empire, particularly in India and the 
Colonics, is an important producer of vegetable oils 
and oilseeds, and many parts of the Empire carry 
on a considerable export trade. On balance, the 
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Empire lias a siilistantial nel export for many of the 
oilseeds and nuts, notably ground nuts, palm keriit‘is 
and copra. 'I'liere is, however, a large net iin[>orl 
into the Empire of cottonseed, linseed, and soya beans. 

Prices for vegetable* oils and oilseeds fell severely 
during the depression. 'I’he lowest sterling priees 
were reached in l)es])itc the improvemeiil whit'li 

took place in the average prit‘es in that year 

for most kinds of oils and oilseeds ranged betwe(‘ii oO 
and 70 per cent of the average. 'I’liere was 

generally a further improvement in 

A feature of special interest is an A])pendi\ 
analysing the utilization of fats and oils in the I'liited 
Kingdom, by the soap, margarine and eompoiind lard 
industries between 1027 and 10.‘15. 'I’his has been 
rendered possible by the co-operation <»f the manufae- 
turing tirms. The analysis shows that tlie soap indiis 
try uses about 200,000 tons of oils and fats aiiniially. 
but that consumption in the margarine industry tlecliii 
ed from a peak of 170,000 tons in lt)20 to 1 .‘15,000 tcuis 
in 10:11-, recovering somewhat to I t 7, 000 tons in U):i5. 
'riiere has been a eonsi<lerable increase in the manii- 
fac‘ture of com])ound lard, (‘onsiimptioii of oils and 
fats f«»r this purpose has risen steailily from 20,000 
tons in 1.027 to 7:1,000 tons in 10:i5. 

In respect of all three products, the outstanding 
development has been the increasing utilization of 
whale oil. In the soap industry, the prtiportion of 
whale oil used has increased from 5 pc*r «» nt in 1.02V to 
IS per cent in 10:i5. 'I'his has been at llu‘ exptnsc 
of animal oils and fats: the proportion of vegetable 
oils (chiefly ))aiin, palm kernel and eoeoaiint ) was 
actually higher at 0.*! l)er cent in I0:i5 than it hatl 
been in 1027. In the margarine industry, whale oil 
increased over the same period from Hi to :17 per 
cent, chiefly at the e.\l)ense of vegetable oils (mainly 


eoeonniit, groimdniii. palm kernel and cottonseed.) 
Ill till- manufaeture of compound lard there w'as little 
change until 10:i5, when the pro])ortion of vc'gt'tablc 
oils fell, and that of marine oils advanced. Despite 
tin's the actual (piaiitity of vegetable oils list'd in mak- 
ing compound lard was higher than ever. 

CottoiiNi'ed is an imptirtant sourt't* of income to 
the cotton farmer. Almost the entire output in the 
t'nited .‘•'tali-s, which is In- far tlie largc'st producer, 
is eonsiimed at home anti exports from India, the 
seeoiitl largest producer, have been negligible in recent 
years. Kgypt, the .Vngiti f‘'.gyptian Sudan and [.'ganda 
art' tlu' print'i)ial exporters of t'tttlonst'etl. while there 
art' only Iwti large importers, the I'nited kingflom 

I t 

.Vrgt'iitina. tht' largt'sl prothit't'r of linst t'd, aeeouiits 
for over ft>ur fifths of the wi»rlil t'xports. India anti 
rriiguay are iit'xl in importance. Imports into the 
L’nilt'fl Kingilom t'oiiu' alnitisl entirely from Argentina 
and Intlia anti since the latter has been the 

t'hit'f sup])lier t'xt't'pl in l!i:i5. 

Intlia and China are (he priiit'ipal protliieers of 
groundnuts, but both retain a largt* part of their 
proiliit'tion. Semgal. Nigeria and (he (iambia, on tlie 
tidier haritl, export tht* gri'ali r part of tlii'ir output. 
Kraiiet'. the first I'.uropean country tti imptirl grtiuiul- 
nnls. still maintains its plaet' as the It'ading importer. 

'I’ht' largt'st t'xportt'rs of t'opra are tht' Xetherlands, 
Kast hitlit's, aritl the Philippiiu's, tht' latlt'r also ship 
ping largt' i|uantilits tif eot'oanut oil. Kx])or(K from 
l^lllpire I'tiuniries amount to rtiughly oiie-^thirtl tif the 
worlil total. Hritish .Malaya anti ('eylt)ii are the 
ehit'f Kmpirt' exporli'i's, but the trade is of greatest 
iiiiportaiit'f tti biji. aet-oiinling for about i:i per cent 
tif die value of all doiiieslie e.xports betwtni and 

nKt.V. Iiiiptirts into the I'nited Kingdom, wliit'li have 
tended to increase, are imw sliipped t'litirely from the 
Kmpire. 
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Indicin Luc Industiy 

1 1. K. Sen 

Dircct'ir, Indiiin I.ac Rc Parch Institutp. Ranchi. 

|l)uriii}{ the hist .srssirui of Hit* IiKlian Science Conj^rc'ss 
hclil in llvderahiul in January I'rnf. Dr II. K. Sen, 

Director <if the Indian Lao Research Institute, Natiikuin, 
drew the attention of the seientirio jjatherinj^ to the lac 
industry hv means of an interestinjr two-reol einenia film at 
the Town Hall and f>|)ened a ilisetission on The Problems of 
Shellac Chemistry' in the Cheinieal Seetion of the Con^^ress. 
The iihn slmweil hf»\v lae is cnltivalcil and inaiinfactiired 
into shellac and what the principal activities of the Re^ 
search Institute at Xainlcimi are, in the rej^ioii of entumolo- 
fjical ami chemical iiivi’stiKJttioiis. The followiiijr aiticle is 
haj-ed on the lecture referral to. 

K(.'ito? — SciiiNtic AND Cui/ri Ri*: . 



ri^r. 1. Lareifur {Tachardia) lacca, Kerr, o larva 
immediately after emcrijence. 


Lae holds u unique fmsition amon^if natural resin.s 
in so far as it is the only one seereted by an inseel. 
iiurdly measuring half a iiiilliinetrc al birth but 
swarming in millions, the lae inseet produees (10,000 
to 70,000 Ions of raw lae year after year. Approxi- 
mately, 8,100,000,000,000 female iii.seels arc respon- 
sible for this output, the. male, taking praelieally no 
share in it. r<ae and lae-dye have been known and 
used in India from very aneienl times, but it is only 
since the beginning of this i*enltiry that its economic 
importance was n'ali/ed. With the. advent of syntlu:- 
tie dyes, lae dye for which lae was initially prixed 
was forgotten, but the rtrsin oeeiipied tlie im)>ortanl 
position which it now does. In numerous industries, 
lae plays its part, in most inslanees, however, only 
in small proportions, the aggregate of which is very 
(*onsiderahh\ An idea of its use may he had from 
the ])ereenlage consumption of the total lae in the 
various big industries; — Gramophone records (.*15- 
elcelrieal insulation paint and 

varnish industry (15%), hat stilfening (10%), sealing 
wax (5%,), 1ae(|uering, grinding wheels, cle. (the rest). 
The consumption of shellac was eonhtied till lately to 
the liighly indiistrialixed eounlric'S of Europe anil 
America, but recently .Japan and Itussia have been 
importing large qiiantilies of tin* resin. India and 
lliirma account for 05% of the wtirld’s prodiietion of 
shellac, and yet less than 5% is utilixed in the country 
of its origin. 'I’lie production has kept pace w'ith 
the dt'inand, and the capacity to meet steady increased 
requirements st't'ins well-nigh unlimited. 'The exports 
of shellac have, increased from 2,000 tons in 18(58 to 
10,000 in lUOO and :55,()00 in 10:J(5. Koughly, one 
part of sliellac is prodiu'cd from 2 parts of raw lae, 
called scraped lae or slick lae. 

The lae inseet (I-aecifer laeea) is very exclusive, 
flourishing at its best in Hiliar and the Central I’rovin- 
ees, although certain parts of the Punjab, Sind,1Icnga], 
A.ssam, Iliirma, Hyderabad, and ]\fysore provide hos- 
pitable surroundings for it. T'he favourite trees (called 
‘hosts') for the insect arc Kiisiim {Schleichera iri- 
jufja), Palas (lUiiea frondosa), Ber {Zisyphus 
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jujuha), and Kliair (Acacia Catechu). The insects 
settle on the fresh shoots of these trees, and deriving 
their siistenanec from the sap of these trees, secrete 
lac as a resinous coating over their bodies. After a 
few months, when they liave run their life-eyele and 
produced the maxiniuin amount of resin, the next 
generation of larvae arc ready to come out and settle 
on other trees. 

'rile lae-encnisted shoots are now cut off the trees 
(at this stage they are called ’broods’) and temporarily 
tied on the branches of other fresh ones to help the 
young ones find their settling places. When the 
* swarming ’ and settling arc over, the old Jae sticks 
are removed from the branches and ulili/etl 
for shollae manufaetiirc. Vor this purpose, lac is 
first scraped off the twigs, crushed lightly, 
washed in water lii remove the dead inseel 
bodies. dy<* matter, etc. and dried in the open. It is 
obtaiiit'd as an aiiiber-eoloiired granular material, call 
cd Choicri or seedlac. 'Fhe ehowri is next packed into 
long sausage-shaped cloth bags, (about 40 feet long), 
held in front of a charcoal fire and twisted. The lae 
melts and flows out through the pores of the eloth 
which, ac'ting ns a strainer, retains the inipiiritit's 
(ealh'd “Kiri”) inside. 'I’he clean inattc'r, lae, is c-ither 
dropped on a cold surface to solitlify in round butt«ni 
sha])ed pieces (button-lac) or slrelehed into thin shet'ts 
called shellac. 

On the rceoinmendation of a C'ommiltrc of Knqiiiry 
appointed by the (iovernnient of India, the T.ae Ite- 
seareh Institute was started in for studying the 

scientific basis of lae cultivation in all its aspects, x^iz., 
biochemical, entomological, and silvi<'idtural. 'I’lie life- 
history, morphology, etc., of the Jae insect and those of 
two important predators, Euhlewma amahilis and //of- 
cocera ptilverca, have been exhaustively studied at the. 
Namkum Research Institute. 'I'lie damage done by 
thc.se predators is very serious, amounting to 
of the crop, and simple methods have been worked out 
to minimi/c, if not eradicate, Iheni completely. 'Fwo 
other insects, Micrabraron fjrernii and Microhracan 
hchetor, have been found to destroy these, and the 
application of this di.seovcry in a ]}ractical manner by 
breeding them in large nnmhers and liberating them 
in lac-growing areas is under examination. The effi- 
ciency of lac secretion will depend on tlie provision of 
suitable healthy fresh shoots on the host trees by 

455 

12 


keeping them free from pests and pruning tlieiii at 
the proper season iireecding lac infection. The plan- 
tation attached to the Institute, where these experi- 
ments are carried out on a fichl scale, is stocked with 
all the principal luisl-trccs and covers an area of 
N0-1)0 acres. 

In recent years, the Institute has paid greater 
attention to improvements in the methods of manu- 
facturing lac and their application in the industries. 
More important amongst these an* the reconditioning 
of old and (h'teriorated lac, improvcmcnl of .shellac 
varnishes as regards water .and weather resistance, 
blenching of lac. modifying properties of sludlac by 
combination with sulphur, urea, polycarboxy acids, 
ct«*., and the iitili/alioii of shellac and its by-products 
in making ])lastic moulded articles. 'I'lie Institute is 
well c<|uippcd with all the ne<-essary appliances for 
pn-paring the above on a laboratory scale and testing 
them according to standard methods. An air-condi- 
tioned riMun maintained at and liO"/, ndativc 

iinmidity serves ft»r testing paint and varnish films, 
whilst there exist in the Institute hydraidie pres.ses 
and standard testing (‘fpiipincnts for plastic moulded 
articles. 

The I.ae (’«*ss Committet* has (‘stablishcd research 
centres in London and New York lor solving the im- 
mediate* probh'ins e>f the eetnsuming inelustrie's and /iiiil- 
ing ne w uses fevr lae*. In Lemdeni, iseilatiem and iitiliza- 
tiem e»f the harder resinous part e»f lac (70 80%) 
has given premiise e.f a wider field for the utilization 
e)f lae*. and sulphitc*d and fatty e)il acids meielificd lac 
arc cxpe*e*te*d te> h*ad the way le> furthe*r uses. In 
.\nicrica, improveme nts in she*llac moulded articles 
have be-e’ii invcsligati*d and jiroble-ms arising out of 
the shellac varnish industry us regards sedvent media, 
preiper packaging te> j>re*ve*nl elf*lerieiratiori during 
storage and wearing projie'rtie s eni enitdeieir cxpeisiirc 
have been largely seelvcd. 'riic future* feir shellac as 
re’gards ceinsumjition in fe)r(*ign cenintrics as well as 
the possibilitie's of incr(*ased use* in India are* definitely 
bright, preivideil spce'iilatiein anel aelnlteratie)ii do rmt 
je'opardizi* its prii*e levels or rpiality. Synthetier 
resins, whilst peissessing .some* dce*i<leilly better qiiali- 
ti^vs, yie*1d to shellac in many e)the*rs, the iiieisl im- 
portant of which is its low price. 

Sticklae, i.v., lac as obtained fremi the host trees, 
contains dyes, waxes, lae-resiii itself, albuminous 
imiltcrs, and extraneous impurities. (a) The dye 
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for which initially lac was so much prized may Ik* 
divided into two parts: the water-soluhle portion 
which is mainly laccaio acid, the constitution of wliicli 
is as yet doubtful, bcin/r a mixture of acids probably 
of antlira<piinonc origin; the water-insoluble but alkali- 
soluble portion of tlic dye, crythrola<*cin, has been 
more definitely identified to be a telrahy<lroxy methyl 
antliracpiirioiit*. 'Die total lac dye is about 5-(i% of 
the sticklac, of which the water-soluble portion ^ave 
the dye of commerce. 'I'lic colour of seedlac or shellac 
is due to crylhrolaccin. (h) 'I'lic waxes eonstitute 
also about of sticklae, and are a mixture of 


storing sticklac. These latter arc mostly sand, pieces 
of wood, etc. 

Although there is adhering moisture in sticklae, 
seedlac, and shc*llae, on attempting to dry a sample, 
elimination of water through condensation docs take 
place. 'Phis is an important problem in lac research, 
as tin* viscosity and a few other properties depend 
uj)en the moisture content. 

'Pile natural lac resin docs undergo slight rnodifi- 
eatioii in its being conv»*rtcd into shellac. The purest 
shellac of coiiimertr can be separated into three frac- 
tions with distinct properties by successive extractions 
with petrolciiin ether and ethyl ether: 


Shellac 

IVfrolciiui ether exfraetinn 

I I , 

IX) H.-suliio Ws.x (!-()««) 

Ktber extract inn 


I" 

(V) Ktber insoluble (/) 

resin (7t)-S0'/y) 


myricyl and c-eryl alcohols, free, or combined with 
mclissyl and cerotiii oils and palmitic acid, (c) The 
lac resin itself forming about of sticklac 

has been c«)nsidercd ns a mixture of hydroxy fatty 
acids cither as lactidcs or lactones or as both. 'Phe 
free acidity of lac is regarded as being <lue to such 
carboxyl or portion of carboxyl that has not had 
the chance of lactiding or laetonixing due to ))ositionaI 
relationship between the reacting groups (OH and 
(’OOH). 'Pile possibility of an ecpiilibriiim bctw’ecn 
lactide, lactone and free acid group cannot be als«i 
altogether ignored, seeing how' sensitive la«* is to 
various rrag«'nls. 'Phe polymerization «)f the hydroxy 
acid molecules amongst themselves by mutual eoiidcn- 
sution is thus clear, and this tendency encourages one 
to look for more polymerized products by chemical or 
))hysical Ircatinenls in the laboratory. (d) 'Phe 
albuminous matters associated with sticklac are the 
results of the insect secretion, and (e) the extraneous 
matU'rs find their way during collecting, .scraping, and 


Ktber soluble n*sin (‘J.V.'IO ) eont.iiniiig also 
erytlirohieein (1-2/^) 


'Phe elu'inical anil physical investigations of shellac 
have centred round the residue (X), as (Y) has been 
found more suitable for certain insulating varnish 
purposes. In all varnishes two characteristics imisl 
be present, the coaling or film property as also the 
])lastie properly. It is, therefore, necessary to add 
‘plasticizers’ to resin materials when they are ab.senl. 
I'oriunately, shellac has an almost ideal plasticizer 
in it. the ether-soluble portion, which, though unw'(‘l-- 
come b>r certain specific purposes, c.r/., quick harden 
ing lends to shellac the superiority it enjoys. 'Phe free 
acid value of shellac is betw'een (iO and 70 and the 'ester 
value’ 220 ~()0"- 100. 'Phese values have reference to the 
milligrams of KOH per gram of .shellac. The titra- 
tion of alcoholic .shellac .solutions being inconvenient 
except with the help of outside indicator (bromuthymol 
blue is generally used) on account of the darkne.s.s of 
the .solution, a method is being devclo])ed at Namkiim 
dependent on the change of floiirescence of neutralized 
shellac solutions in the pre.sencc of ultraviolet light. 
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The technique leaves as yel somewhat to be «lcsire«l, 
but the suitability of this melhotl seems certain. 

The action of alkali, strong and weak, as also 
bicarbonate of sodium, is a next item of researeli, 
although much has already been done on this head by 
previous workers. A clear understanding of the ac- 
tion of alkali is expected to throw much liglit on the 
constitutional questions of the shellac complex. So 
far, all attempts at isolating the various eonslitiieiits 
of shellac (ether .soluble or insoluble) have been pre- 
ceded by its hydroly.sis which has naturally caused 
deep-set changes in the shellac complex, rnfereiiees, 
therefore, however useful, cannot be regarded as flaw- 
less. To take an instaiiec, the isolation of the only 
two known acids, aleiiritic and shcllolic, has been 
effected after a bilcrably severe hydroly.sis by alkali 
of the shellac complex, and it may be reasonable to 
argue that these two acids do not probably exist in 
the way in which investigators have repres<-iited to 
build up the shellac moleeule. Xag(‘l and liaumann 
(fViss. Veriiff. SUnticns-Konzern, Vol. XI, page 10 1. 
1932) have given to the shellac complex the following 
formula, (I), whilst Hhattaeharya and Venuan have 
made an alternative suggestion (11)*: 
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Formula 1 


From our experience, an ether linkage is more 
unlikely, though ether from a secondary alcohol may 
be assumed to be easily susceptible of hydrolysis by 
alkali. This point requires to be settled by the actual 
study of hydrolysis of ethers from aleuritie and 
shcllolic acids. 


* Unpublished information 


As aleuritie acid is the only substance the eonstitu 
lion of which may be taken as deiinite, and as it 
oeeiirs in yield of shellac, the largest of any 

known definite chemical substance in the resin, its 
technical production l\)r st'lf polymerization, or poly- 
merization with .synthetic chemicals, has been given 
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CHON 


ChOH 
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--CO 


Formula II 


attention to. As a result, a commercially feasible 
method of preparing the aeiil, bused on its precipita- 
tion by the treatment of saponified lac solution with 
hydrochloric acid and aluminium sails has been deve- 
loped at tht' Indian Lae ltt‘S(‘areh Institute. This 
has made two further investigations so far possible, 
the .self-<*ondensation of aleuritie ac*id under heal and 
the formation of clear, water-resistant .synthetics with 
phthalic acid, with retpiisite plasticity to allow of the 
(‘oiideii.sat ion ]>roduet being usi‘d bn* coaling fibres for 
water proofing, adhesives, etc. .Aleuritie acid may 
also be expected to take part in line and heavy chemi- 
cal iinlustries. 


The distillation of the ealeiiim salts of both aloiiri- 
tie acid and shellac (or ‘Kiri’, a by-j)rodu<-t of little 
value in the .shellac maiiufaeture) has opened up a 
new line of investigation, yielding ketones and .several 
terpeiies, the heavier fractions of the latter )>eing 
suitable for the eommereial production of cart grea.se, 
;iiid paint vehicles. The high iodine valut' of the 
oils indicates the temperament of the two eontignons 
hytlroxy groups in aleuritie acid, whilst their property 
of dissolving raw rubber may be useful in riibber- 
shellae eombiiiations. 

The o.\idalion of aleuritie acid has given rise to 
the following products: — 

1. Tin: half aldehyde, CHO (CHa); COOH. 

2. Azelaic acid, COOH ((’Ha), COOH. 
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3. The alcohol ahlehydc CHjOH (CHj),CHO. 

4. rimclic acid COOH (CH,)»COOH. 

Hcsidrs^.tlien: is reason to believe that the dialdehycic 
of pimelic aeid^ CIIO (CH 2 )aC'HO^ is also in our 
hands. 'I'hesc oxidation products point to the accepted 
constitution of aleiiritic acid as irihydroxy palmitic 
acid, from which Nagel and Harries, by reduction with 
hydriodic acid, could obtain palmitic acid itself. 

'File isolation of .slicllnlic acid (m.p. 1 99-20 l^C) 
by Nagel was follow^ed sevcTal j'cars later by the 
isolation of an acid by lihattacharya, ostensibly shel- 
lolic acid, but the melting point of this compound is 
only 90-9 l^C, and based on anah*sis, corresponds to 
Cj 5 II 22 O 5 , instead of H 20 Oo as given by Nagel 
and Harries. Later, Bhattacharya has isolated an 
acid identical with Nagel's shellolic acid. Work in 
this direction is necessary before the constitution of 
dicllolic acid could be definitely established. 

The American Shellac Bureau has gone a step 
further by the separation of certain fractions from 
the lupiid resins, which give fairly sharp melting 
points. Their constitution is now under study, on the 
completion of wiiieh, attempts to build up the picture 
of a shellac molecule will have surer guidance. 

The problem of the hardening of the ether-soluble 
portion of shellac is a very important one, as this 
will not only create a new field for itself, but will also 
make the use of hard resin (the ether-insoluble portion 
of shellac) technical ly feasible. 'I’hc London Shellac 
Ileseareli Bureau has done a very important work in 
this respect by semi- technically sejiarating bj' toluene 
extraction this hard resin which is mixed up with 
still a considerable proportion of the clher-solublc soft 
resin. An alternative method has been developed at 
Namkiim which consists in treating an acetone solu- 
tion of shellac with (>- 8 % of urea on the weight of 
shellac used. On keeping, the shellac polymerizes, 
i.e., becomes insoluble and sets into a solid (this 
hardening of shellac by urea is the outcome of investi- 
gations at the Indian Lac llesearch Institute) which 
(‘an be cut into small bits and powdered. The mass 
is washed once or twice with acetone, to remove the 
soft resin which does not suffer polymerization and 
the residue boiled with water, with the result that the 
hard resin is got back in a fusible and soluble form 
again. The mass is waslicd and dried, and can then 
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be used for purposes for which the toluene extracted 
hard resin was used, with this difference that the hard 
lac obtained by the acetone urea method is practically 
free from soft resin, and has a much lietter appearance. 
The use of this variety of hard lac in the moulding 
industry is now being studied, whilst films on glass, 
copper and other metals have definitely superior cha- 
racter than straight shellac. 

A very important outlet for shellac is in the 
French polish industry, but it (*onsumes something 
like 15% of the total output of shellac only. Con- 
secpiently a more suitable line of consumption for shel- 
lac is l>eing soiiglit in the building industry. Paints 
with shellac and boiled oils have already been inves- 
tigated, which promise fair to be capable of being 
used as (‘cment floor paints, distempers, etc. In 
I.ondon quite an interesting diversion of shellac has 
been proposed by its being condensed with linseed 
oil acids in the presence of glycerine and suitable 
catalysts. This work is in progress still, and its suc' 
eessful conclusion is being bwked forward to. 

'Flic gramophone industry wdiich is the largest 
(‘onsiimcr (about i0% of the total shellac) of shellac 
is now being (‘onstantly offered synthetic resins for 
their record-making, but as yet none has been found 
of (piality and price to be able to replai'c shellac. 
Intensive researc'li is necessary to retain this mono- 
poly market for shellac, and efforts at Namkum are 
being directed to this end with a view to lay the 
foundation of a sound record industry in India. In 
llie same line, the moulding of cvery-day articles out 
of shellac is being 'nvestigated, with the result that 
already passable samples of containers for cigarettes, 
powder box, pin trays, shaving soap boxes, etc., have 
been prodiu'cd at the Namkum Institute at costs very 
much lower than those of synthetic-made commodities. 
Assenudage of proper machines and moulds are now 
under progress with the hope that an entirely Indian 
moulding industry on India’s own raw materials may 
be realized. 

From the commercial point of view the standardi- 
zation of shellac is becoming an increasingly important 
factor, specially in view of standardized synthetics. 
Improved analytical methods, readily applicable to 
such examinations, have to be here and there deve- 
loped. At Namkum reliable methods for estimating 
the adulterant, orpiment, in shellac and the determina- 
tion of the unsaturation in shellac as a means of detect- 
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ing adulteration with rosin, are being developed. The 
present time-consuming method of estimating orpiment 
has been replaced by a half-micro estimation in special- 
ly constructed glass apparatus wliich could l)c used 
on the working bench without risk of fumes, three 
experiments at a lime, 'riic special feature of the 
digestion apparatus is its compactness and applicabi- 
lity to Kjeldahl estimation of nitrogen in organic sub- 
stances, the noxious fumes of nitric and sulphuric acid 
being led away by a gentle suction of the watt'r pump. 
In the development of a method for determining un- 
saturation in shellac, advantage has been taken of the 
mobile chlorine atoms of aryliodochloridcs, PhK^J 
which removes the unsaturation in a much 
shorter time, yielding quite reliable results, 
specially in the case of fats and oils. The 
inconvenience of preparing Wij’s solution is thus 
removed, as phenyl iodide is an ordinary laboratory 


reagent from which on simple chlorination in chloro- 
form solution, the iodochloridc precipitates in pure 
form. The stability of the iodochloridc solution in 
glacial acetic acid leaves iiiiich to bt‘ desired, hut it 
is stable enough to allow of estimations over a period 
of a w’cek wlicn fresh solution will have to he made. As 
already iiicniioni*d, the determination of extraneous 
moisture and water of constitution is an important 
prohlem, which is being ta<'kh*d both in Amc'rica and 
at Namkum, whilst a rational bleaching test to aid 
the suppliers and consuiners is an important problem 
In-fore shellac* chemists. This has led to the working 
out of a process for manufacturing the best-quality 
scedlac which could he ])1accd in the market as stand- 
ard products and, indeed, might replace the inanufac- 
tur€; of shellac in most instances. The j)ro<’css df^pends 
upon the washing out of colouring matters in .shellac 
with the. help of an alum solution in a centrifugal 
machine, and so far, it has the promise of being a tech- 
nically feasible operation. 
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The Influence of Fertilizers on the Carotin and 
Vitamin C content of Plants 

('arotciio arnl vihnnin ocriir in v(‘jr«*tal)Ics as 
products of plant iiictabolisin. It is tlicrcfun* iiitcr- 
cstiiijj to oxaniiiic if tlic carott'iic and vitamin (' 
contents can be iniliif'iiced by soil treatment and 
Iiarticniarly by IV*rt ili/ers. |*\ir (his purpose,.!. H. II. 
Jjdo, [liinrhent, ./. ,t(K ‘J.JtlT, !!».*!(») earned out an 
invest ijijation to decide if (lie eoneeiit ration of the 
elements necessary in plant j'rowth had any inllii- 
ence on tin* earotein» and vitamin (' contents of 
the plant. 

The inv<‘sti(rations were <*aiTied out by means of 
p»»t ex|)erimenls. In a number of the experiments 
the |i(»ts <Mmtaincsl tmre washed quart/ sand, and in 
other eases an exactly analysed .sandy soil, wliieli 
besides K and P detieieney also showed a low pi I. 
Th(.* p<its wore supplied wdtli a salt solution, contab 
ninj^ know'll amounts of M.i>:S(),, KCl, Xl[| XC).j, 
XaNOy, (\illP()i at pll -- 7. 2. (.)in* or more com- 

ponents of this solution w'en; omitted or administe- 
red in inerea.sed amounts so that by distnrbanee of 
the eonditioiis of life an insi^iit etadd be }>;ained into 
the eondition of the formation of vitamins in plants. 

Spinach was used a.s a test plant, as it has the 
advanta<rc of irrowiny: rapidly and containing coiisi- 
di*rable (piantitics of cMn>tcne and vitamin (\ 'riic 
plants were kc[)t in ;>:las’<hoiis(>, the fiill^rowai plants 
W'ere cut W'ith scissors and «udy tin* leaves were 
analy.scd. Vitamin C w'as d<‘tcrmiiicd by the tit- 
ration method and carotciu^ by the Zeiss stnb*npho- 
toineter. 

Re.siilts of analysis show that the carotene and 
ascorbic acid contents of the test plants largely 
depend on the amounts of X and K in the soil. A 
larger amount of X results in greater carotene and 
vitamin (5 eontmits, wdioreas an inereasiiig K content 
of the soil causes a (leeri’aso in earotenc content 
and an inerea.se in vitamin C. 

SCIENCE ft 
CIJLTURE 


The author eoneliidos that N and K stand in 
<*Iosc inbuTchitioii phy.siologically, K deficiency has 
the effect of X excess and K execss acts like N 
dclieif'iiey. 

//. .V. 7A 


A new fossil Skull from Fyassi, East Africa 

Dr li. S. B. L(‘akey in an illu.strated article in 
Xninre (!)(*«*. 1? J, l!Kh>) has de.scribed the results of 
his preliminary inv(‘stigatioiis on the new fossil hii- 
man .skull diseovered by Dr K.ohl-I/irsen in the 
<*oiir.se of a scientilie expe'dition to the Eyiissi I/ike 
B.isin in Tanganyika Territory in East Africa in 
.Vltogether, parts of threi* fossil human 
skulls were found associated with stone artefacts 
and fossil mammalian remains. Two of the .skulls 
arc repre.sentcd by a small fragment t)f (‘ach, while 
the third, though diseovered in a very large number 
of fragments, is capable of excellent recon.strnetion 
spetMally on th(‘ occijiital and tin* left temporal 
region. T'he finds were diseovered at the north east 
einl of tin* I /ike Eyassi and the fossils w’cre cxpo.sf*d 
oil the floor of the present lake basin, where they 
w’^ere ln*ld up by the n*c(ission of the watiirs during 
the dry .sca.^on. Dr Kolil-T/irseii noted three dis- 
tinet strata and the materials w'erc found from the 
middle one. 

The as.sociated fauna w^ere all heavily iniin‘raliz(;d 
and the extinct types include a few teeth of Wppn- 
ihm and a few teeth of a baboon, apparently of the 
Si mopithccus type, and some teeth of a large gini- 
f)id, a bovid of the Biibalus type, an antelope and a 
large carnivore. The fauna appears to belong to the 
Upper Pleistocene period. The stone artefacts 
bcdoiig to the I^evallois type but a few broken 
Acheiil(*an hand axes were also found along with 
many lumps of lava. 
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The importance of the discovery largely centres 
round the skull which, after flu* fraginoiitary pieces 
had been fitted up, was found to repre.s(*nt 

(f/) the greater part of the left parietal. 

(/>) the greater part of the oecipitsd, and 
ir) the greater part of the left teiiipond iiielii- 
ding the mastoid and petrous portions. 

In addition several parts of the frontal bones 
were also found associated with two otlM*r fragments 
of the supraorbital region. The foramen magnum 
wdiich is represented in part is inclined backwards 
at an angle comparable to that of the great apes and 
unlike any Ilomn, The skull approaches the grea- 
test width about the mastoids like that of the Shtnn^ 
thropHs pckhiCHsis and the latter is also a))proached 
ill the massiveness of the torus. 'Flien* is a fragment 
of the left maxilla, containing the broken sockets of 
the incisors, the left canine, and first prcmolar, and 


the broken socket of second promolar. A loose molar 
has also been found. The canine is of human form 
and there appears to have no diastema. A part of 
the right tymphani(^ plate (that of the left is broken 
aw'ay although the temporal bone of this is fairly 
complete) is remarkably like that (>f a chimpanzee. 
Dr Kohl-I/irsen has thus discovered sonu* extremely 
important and interesting remains f>f early man. The 
skull represents a low type of man with some mar- 
keel anthropoid characters and approaches more the 
type represented by ShfnHihrnptts than any other 
known human fossils. Dr Kolil-Iy.irsen and Prof. 
Reck have attributed it to the genus l^ilacoanthro- 
pHs while Dr Leakey supports its place in a new 
generic rank. The skull, however, once again shows 
the association of the great rj(‘vallois-Mimsterian 
culture complex with that himiaii stiu'k characteri- 
zed by a massive torus and other specialized features 
uncommon to the ITnntn Sfrpietfs. 

S. S, Sfirhtr. 


( Cnnthmctl from page IHii ) 


It is gratifying to learn that facilities for training 
medieal students in psychological methods of treat- 
ing nieiital cases have been provided in the hospital 
and that lectures and demonstrations are frequently 
arranged by the Superintendent for this purpose. 

Dr Pacheco pleads for increased accommodation 
and a few more qualified nurses. It is an undoub- 
ted fact that the number of patients who have to go 


nneared for outside, the h(»spital is far in excess of 
that receiving treatment in the hospital. We, 
therefore, fully sii])|)ort the modest and just demand 
that he has put forth and hope that th(*re will not 
la*, any delay in sanctioning by the authorities con- 
cerned the extra expenditure that will necessarily 
be involved. 

i9. C. Mitrn, 
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University and Academy Mews 


Royal Asiatic ' Society of Bengal 

A inoetiiif; of tlio Modicnl Soction of the Royal 
Asiatic Society of Bengal was held on Monday the 
14th Deceniber in the Lecture Theatre of the 

S<*hool of Tropical Medicine. The undermentioned 
papers were read. 

1. D. X. Roy — Maggot tr(‘atiiieiit in surgical 
therapy. 

2. L. K. Napier tit R. N. Choudhuri — A Hos- 
pital case r(‘port. 

3. Siindar Rao'— The value of Koiiadiii in the 
treatment of Filariasis 

4. B. Miikli(;rji — IVeatmeiit of eyjiiiide poistni- 
ing aial the nieehaiiism of a(4ioii of 
antidotes. 


Indian Chemical Society 

All (irtliiiary iiieetiiig of the rndiaii Chemical 
Society was held on Friday, the 20th of Xovember 
1936, in the Chemical Lecture Theatre, TTniversity 
(College of Science, Calcutta. 

Dr P. C. Mitter took the chair. 

The folhiwing gentlemen were duly admitted, their 
subscriptions having been rec(*ived for the first time : 

1. Baradaiiaiida Chatterjee. 

2. Narayan Chandra Sen-Gupta. 

3. M. I '. Parmar. 

4. P. D. Swami. 

5. K. S. Nargiind. 

6. N. N. Ray. 

The following gentlemen were elected by ballot 
as Fellows, Dr K. N. Bagchi and Rev. Father J. Van 
Neste acting as scrutators. 

1. D. G. Walawalkar (Waltair). 

2. Md. Abdul Saboor (Rajshahi). 


Dr D. Chakra varti read the following paper in 
the meeting — Synthesis of couinarins and chromones. 
4-chlon)- and 4-bromo-l-naphthol and alkyl aceto- 
acetic esters. 


Annual Mkktino 

The Thirteenth Annual General Meeting of the 
Indian Chemical Society was held on Wednesday, 
the 6th January 1937, at 2-30 p. m. in the Chemistry 
Lecture Theatre, Osmania University, Hyderabad, 
Deccan. 

In the absence of tlui President, Prof. P. C. 
Mitter, one of the Vice-Presidents, took the chair. 

1. The Chairniaii read a telegraphic ni(?ssage 
and a h*tter from Sir II. X. Brahmachari, the Presi- 
dent, intimating his inability to attend the function 
and conveying his best wishes for the sucec^ss of the 
meeting and his hearty congratulations to his 
suci»cssor. 

2. The Chairman read the following nomina- 
tions of the ofiicc-bearers, made by the Council. 


President ... Prof. J. C. Ghosh 

Tlony. Serretnry ... Prof. B. C. Guha 
Iftmy. Treasurer ... Prof. P. Xeogi 
ffony, Kdifors ... Dr S. S. Joshi 
Dr A. C. Sircar 
ffony. Audi tors ... Mr P. C. Nandi 

Mr T. K. Rf)y Choudhuri. 


The Chairman announced the following names 
which have secured the maximum number of votes 
by ballot in the election as onlinary members of the 
Council for the respective areas. 


Calcutta (3) 


Bihar Sl Orissa 

Bombay 

C.P. 

The Punjab 


Dr P. K. Bose 
Dr Siidhamoy Ghosh 
Dr M. N. Goswaini 
Dr H. K. Sen 
Prof. K. O. Naik 
Dr A. N. Kappanna 
Prof. S. S. Bhatnagar 
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U. P. (3) Mrs Sheila Dhsir 

Dr S. Dutt 
Dr S. Krishna 

S. Tnd*a (:i) Prof. B. B. Dey 

Dr B. L. Mniijiinath 
Pnif. V . Si ibra h iivi nyaii 


Benf^al (exeiiulin^ CalcMitta) — Dr S. S. Ciiiha 
Sircar and Dr J. K. (’howdhiiry having sceiirod the 
same liiiinber of votes, the (^hairniaii jjav<‘ his eas- 
ting vote in favour of the sitting member. Dr J. K. 
Chowdhury. 

3. The Ifony. Seerefary read his rei>ort b»r 
the year 193(5. 

4. The Hony. S(»eretary read tiie Treasiin^r’s 
statement of aeeoitnts for 193(i. 

r). The Chairman annonneed that the Board of 
F.xaminers had reeommended the name of Dr P. B. 
Sarkar for the award of Sir P. C. Ray 70th Birthday 
(Commemoration medal. 


7. (a) The (Chairman annonneed the names of the 

following gentlemen as members of the Pub- 
lication (Committee for 1937. 


Prof. S. S. Bhatnagar 
Dr A. N. Kappnnnn 
Dr J. N. Ray 
Dr H. K. vSen 
Prof. V. Subrahnia- 


Dr T. S. Wheeler 
Dr S. S. Joslii 
Prof, B. C. Giiha 
Prof. P. Neogi 
Dr C. Sircar 


I E’jr^ffiico. 

J 


7. (h) The following proiiosals of Dr M. S. Patel 

wore considered : 

(«) “The Indian CCheniical Society should pub- 
lish a New'-s hCdition of the Joftrunl c»f the 
Indian ('’hemieal Society 4 time.s in a year 
more or less on the .same lines as the N^iiws 
hCdition of the Industrial and Kngiueeriug 
Chetnistry of the Americ.an Chemical So- 
ciety in order to popularize Chemi.'*try and 
its application.s.’' 

(*/) “That a new form of additiiinal mend)ership 
may be instituted in the Society such as the 
tJnnior or Associate member, 'fhese mem- 
bers can be enrolled on a payment of Rs 3 
per year and will not be eligible for voting 
at the Annual General or local Meetings nor 


will they be entitled to the of the 

Indian ClnMiiical Socii*ty. They will, how- 
ever. be entitliMl to the pntpo.sed News 
Kdition of the dnunud. 'fhe ago limit for 
th(‘se members miy be fixed at 18. No 
person above 2(i will be allowed to remain 
or to be a .Innior or Assoeiale member. They 
may be allowed to elect one repre.si*ntative 
to the CiMincii”. 

Dr. J. N. Mnkh(‘ri(‘e mnv»Ml that the (\>iineil b<* 
asked tn ascprhiin (In* Ihiaiieial possibilities of the 
scheme suggested by Dr l\‘itel ; and in ease the 
Council consider the scheme practicable they be 
aiitliorixf'd to take net'cssary .steps in the matter. 

The Chairman read the following resolutions of 
the Fine (Miemii^al Committee. 

“Resolved that a «*irciilar be issued by the Ilony. 
Secretary of the Indian (’hemical Society to Cni- 
versities, (Colleges, and Research rnstitiitcs re(pie.sting 
them to send (‘opi(>s of their indents for organic and 
inorganic chemicals for the last three years with 
(ptaiitities and [>rie(\” 

“Resolved further that a snb-eomiiiittee consisting 
of the following, wdth power to co-opt, bc» ap])oint<ul 
to consider the replies receiviMl — Prof. P. (\ Mitter 
(convener), Drs M. S. Patel, B. C. Gnha, H. K. 
Sen, and K. H. lla.s.san.” 

Indian Physical Society 

'rhe Third Annual Meeting of the Indian Physical 
Society was held in the Mathemati<*s and Physics 
section room, Indian Science (_\uigres.s, Hyderabad 
(Deccan) on the (ith .January, at 11-30 a. m., with 
Prof. M. N. Saha (President) in the chair; a large 
number of fello\vs and visitors were ])resent. 

The President chdivered an addn»ss on “Mission 
of Physicists in India” which was followed by a talk 
on (N>smie rays. 

The report of the eonncil for the year 193(5 W’as 
presented and adopted iinaninionsly. 

The following were duly elected oflice-bearer.s 
and meiiibers of the (.’ouncil for 1937. 

Presideut 

Pi*of. M. N. Saha, Allahabad. 


463 


Vol. IL Mo, • 
MARCH Itn 



UNIVERSITY AND ACADEMY NEWS 

Vire~Presit1en(s : — 

Dr S. K. Poon:i. 

Prof. D. M. Pnso, 

Prof. G. P. Piniiijpo, ni)iiih:iy. 

Prof. If. P. Warnii, Madras. 

Serrctary : — 

Prof. S. K. ^^itra. GaU-iitta. 

Treasurer - 

Prof. P. X.Gliosli, (^iloiitta. 

Members of the (hutte/f : — 

Prof. A. C\ Panorjoo, Allahabad. 

Prof. S. N. Roso, Da(*(*a. 

Dr R. \. CliiHikorvatty, ( Viloiitta. 

Prf>f. P. K. Datta, Ronart's. 

Prof. K. Prasad, Patna. 

Dr K. R. Rao, Waltair. 

Prof. R. R. Ibiy, Calcutta. 

Prof. N. C. Ray, (^dciitta. 

Principal R. Sen, Calcutta. 

IVif. X. R. Sen, Calcutta. 

Prof. J. R. Seth, Lahore. 

Prof. M. R, Siddifpii, Hyderabad. 

Calcutta Mathematical Society 

The .Vriniial (iciieral .Mcetinjr nl' the t^dciitta 
Mathematical Society was held in the Society's 
1130111, on Sunday the 'list .January, UK17, at -1 p. ni. 

1. The Annual Report of the So<'icty for the 

year 193t) was adopted. 

2. The Auditors' report for the year Ifl.'lti 

was considc>red. 

3. All address was delivered by Professor 

N. R. Son, 13. .sr., i»h. i)., on “Mathciiiatic’s 
and Realitiy.” 


4. T'he following papers were read 

(rt) TT. Ijcbesgiie. : — Sur ccrtaiiies expressiones 
irnitionncllcs illiniitees. 

(h) 10. T. Bell ; — Numerical Functions of the 
Lattice points of < »/. 

(e) C. V. Ilamimanta Rao. ; — On an analogue 
of Gaskin's theorem. 

(f/) R. R. Sharnia. : - On Gaskin's theorem. 

(c) .1. G Anand. : — On the inpohirity of a 
conic to a circle. 

(f) A. Moessner : — Niimerische rdentitaten. 

The iinderiiariK'd gentlemen were declared elect- 
e<i as oirice-bearcrs and nieinbers of the (\>iincil for 
the y<*ar ltl.37. 

Presitleut 

Professor Syamadas ^Iiikherjee. 

rVee- Pres/f/eufs 

Principal R. M. Sen, The Hon'ble Sir S. !\r. 
Sulainiaii, Professor C. V. rianiimanta Rao, 
Dr N. N. Sen, and Professor F. W. Levi. 

Treasurer 

Mr Sati.s Chandra Ghosh. 

Seerefary 

Mr S. K. Chakravarty. 

Other Memtmrs of the Council 
Professor N. C. Roy, Dr S. M. (xangiily, Mr 
Ramaprosad Mukherjee, Professor N. R. S<mi, 
Prof(?ssor C. Ran(*rjee, Dr P. L. Srivastava, 
Dr jM. R. Siddifine, Professor N. M. Rasii, 
J.)r V, N. Sriniva-sienger, Dr .1. Ghosh, Dr R. 
N. Sen, and Dr S. C. Dhar. 
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Book Review 

A Treatise on Heat (being the second and revised 
edition of a Text Book of HcatJ inj M.\, Stihti, f).Sr. 

(ittfi //..V. Srintsfarri, M. Sr. The Imlhtn 
Press' Ijftl. ( AlhthfihtuI nml (^thuttn) ^ /.9.7.>. 

Tli« r.ipicl projrn.ss of physirs liiis not milv 
induced n>vo1iilion.s in the Avorld of abstruse eon- 
(‘e|)ts and abstrai't tlieori(‘s, but has also iiitrodiu'ed 
novel methods, and aehieve«l notable experimental 
results ill all its domains. It thus diMiiaiids a 
thorough revision of the iiM'thods of exposition of 
the snbj<*(‘t in oiir text-books and in oiir elass-rooms. 
A eriti<*al exposition of the recent expcn'iineiital 
methods is now just as important as a clear preseiifa- 
tioii of recondite th(»ories. The ama/ing ih'velop- 
nients in recent, years hav(j thus put almost all the 
earli(*r t<*xt-books out of <lat.<* and the teachers and 
the young h*arners are often in very great ditlicni- 
ties in (inding a siiitabh* trcati.se which presents the 
newer aeqnisitions of knowh*dg<* in a logi<*al iiianmT 
and in lh(‘ir proper p<*rspeetiv<', and (establishes at 
the same time tlu*ir connee.tions with the classical 
results. 

Til no branch of physics, is this n(*ed more 
imperative than in thermodynamies and h(>at. Om* 
has oidy to think of the recent methods of speeilie 
heat mesiiremeiits or of the low temperature w«»rk, 
or again of tlKMliiba'eut statistical theories, to become 
immediately convinced of the dmiiand of a modern 
treatise which will help the young students witli tin? 
latest reference to all the important results achieved 
so far and serv(‘ at the same time, as a valuable 
guide through tlu' mazes of the abstract theories. 

The aeudeiiiie world, therefore, owes to Pnd'essor 
8ahu a profound debt of gratitude for having revised 
Ills first edition of the Tr.rt Jinn/,- n/' Ilrut. Almost 
every chapter of the earlier work has imw been 
thoroughly revis<*d and rewritten and brought up-to- 
date in his new Trcntisc mt Heat. One has only 
to look through the eoutents to be imniediately aware 
that here every aspect of this fascinating subject 
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has ])een duly dist-ii'.isiMl and all the diilienifies (»f 
the abstract th(‘orii‘s h;ive b«'en siuis»:ht to be reinovecl 
by thorough and illuminating disensj-iems of the 
fnndammital assumptions. l’rofi‘-.>.or Saha is a 
ree«»gnisf*d ina'^tm' of the siilijeet. and his long f*x- 
perienee as an inspiring teacher, has I'nabled him 
to .‘leeomplisli a task, whii‘h will win the admiration 
and gratitude of all his eolleagiies. 'riiis systematic 
and up-to-date ti'(‘atise r(‘nioves a longfelt want in 
t he academic eireh*. May it pn>vc a vital and frnit- 
fni >timnlns to all the young aspirants of knowliMlge 
and indm‘(‘ fr(^-'h work and di‘cpcr invi^stigation into 
the myst(‘ries of natnri*. 

S.X.Ji. 

Triennial Report on the working of the Ranchi 
Indian Mental Hospital, Kanke. 1933-35.—/;// ifr J. X, 
l\irhrrn. .1/. //. T. />., f. M.lK, (ff'fff, Sffpc- 

rinfetufetfl. Prirr Us. / //-. 

'riie report, reveals the valuable work done in tln^ 
Indian Mental Hospital, Kanke, towards alh'viating 
the snllcrings of tin* imatlally alllicted ones. In 
the three years under rcvi(‘w tin* ages of most of 
the patients ranged between ti> oD ye.irs and the 
iin>re freijiient malady seeim’S to havi* been Schizo- 
phrenia and I)eiiH>nlia praeeox. In the majority of 
such eases the* critical ])erioil of adoleset^nec? and 
doiiK'stie worry were n«)teil to be the prime condi- 
tions of tin* oii’-et of the disea.M*. Dr I*aehe«‘o is doing 
all he can to givr* relief to the unfortunate patient.s, 
and he has not failed to utilize in this eonne(*tion 
the modern p>yeho-therapentii*al nieasnr(*s. Ihit. 
the report should foreibls draw the att(*ntion of all 
eonet'rned to the t)roper methoil of (h'l'iling with 
children dni'ing the critical ;ido|i*seent. period of 
their lives and to the neee>^'..ity of reducing as far as 
po.ssible the doiiiesl ie worries, l^syeho-analysis can 
h(*lp us a good (l(*al in both these matters. 

( ('nnliiiHril nn jKiffr Ifil ) 
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Ephcdrinc Cumphor Sulphoiuitc. 

The alkaloiil epluMlriiie in Ihc form of its salts is licinj^ 
extensively nsivl in the treatment fif astliiiia. Hut the iIiuk 
has a consiilerahle depressant action tm the cardiac iiitiscle 
and often* prtxlm'es toxic syni])tonis such as nervous exci- 
teiiiCMit, palpitation ami in -omnia. So a salt this alkaloid 
with caniphor snlplionie acid, the sodiiiin salt of which 
is now hein;' nseil as a vasomotor stininlaiit, has hecn 
])repare<l in the expectation of in-nrin;' a prompt response 
in enierjr;.'nelcs «if circnlatitui an»l res])iration. 

A eoneentrateil nqneons so'iition of ejihcflriiie hxilro- 
chlf)ride was niailc stroiijLjly alkaline with caustic soda 
(S0%) solution and the hase was extracted with chloroform. 
The chloroform solution was dried over anhydrous sodium 
sulphate and then treated with a moleeiilar i)roiioi tioii of 
caniphor siilphoiiic acid prepared acconlinjr to Reychlei *. 
Kvajioratinj' the solvent on a steam hath a syrupy residue 
that was left behind, soon set to a ervstillinc solid on 


CO^it CM MOCH CHj Hx 





.scratching with the addition of few c. c. of pctroleiini ether. 
This crystallized from boiling ethyl acctal(! in fim* silky 
needles, m. p. l73-ir4* siiiteriiij; a few de)»recs earlier. A 
nitro>;en estimation of the coinpmiml agreed with the 
formulae,,, H,. ON. C,.. H,, O, S. 

The salt is easily solnhle in xvaler, alcohol and chloro 
form, hut insnlnhle in ether, li][;rfiiii or petroleum ether. 
A solution of the .salt has a pH ea 5. 4. 

U. ]3a.su. 

Research I.ahoratory, 

ReiiRal Tmmnnity, 

Baranaj^ore, Calcutta, 

18.1. 1037. 

1. Chin ami Schmidt, Medicine, 9^ I, 1030. 

2, Reychler, Ihdl. Snc. Chim., 111^ 120, ISOS. 


Synthesis of Pyridindcnc Derivatives. 

A tautomeric e impound of the ketiinine-enaminc type 

(X.CH:CR.N1I, ^ y X CH,. CR : Nir, where X=CN, 

COR or CO,R Kronp) has been foiiml* to react readily with 
ilillerent hy«lroxymcthylcMe ketones to ftive ri.se to various 
pyriilinc ilerivative.s. Reaetiufr now the hyilroxymethylene 
d»*rivative deriveil from eyelojientanone w’ith a moleeiilar 
proportion of ethyl /y-amlnocrotoiiate at 100® for several 
lumrs, an yellow licpiid, 1i. p. ITS-IJ^O®/ 25 mm has been 
Isolated by e\lraclinj> the reaction mixture with dilute 
hj’drochloric acid and then neiitraliziiijr the acid extract with 
.soiliiim carbonate. The oil on hydrolysis with l.S% can.stic 
pota.sh solution ^ave a caihoxylic aci<! separating from 
hoilinj.; alcohol as colourless iiee<lle.s, in. p. 20.S® (decomp). 
The acid when distilletl with soila-linie afTordi il O-niethyl 
2:3-dihydro-/f-pyndindene (1) as an almost colourless, 



s N 


(1) 

hit;hly refractinj^ liquid, h. p. 195-10f>®/ 750 inni. The coii- 
r>e «>f the reaction is heiii)^ represented by the scheme : 

It is obvious that snlistituiin;* i thyl d-:iminocr<itonatc 
by .siniil.'r other taiUonioric cnnqiound the above reaction 
would ailonl an easx method for the synthesis of a new 
class of jiyridine clerivativcs, /f-pyridindeiies. They are 
heiii^ re;{ardeil as di rivalivcs of the hxqiothetic compound 
(II), termed /f-pyridindeiie in analo^ry with the /?-(|uinin- 
dene (III), .several derivatives of which have been prepared 
by Perkin, Plant and others.* 

OP 

N N 

fm) 
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The details of the work v.oiilil be published in I,eibi>;'s 
Annalen der Chemie. 

Research Laboratory, 

Ilen^ral Iiiiniunity, 1'. Hasu. 

Ilaranagore, Calcutta 

3.2.1937 

1. r. Basil, Annalen, 5/2, 131, 1031; 5/.{, 2o2, |035; 
J. Indian Chem. Soe., 12, 280, 1035 ; iJasu and Banerii, 

p()h5 1035 . 

2. J. Chem. Soc.,\i hY\ 1028; p 1075, lo20. 

r3iffcrcncc meiss (21 1 “ — Me*) ctilaildfccl by 
Dis-inlccimtioii dcitu. 

Aston’s new iiiasS’S])eetrojrraph data for the difference 
in mass between a deuterium iiudeciile and a hcliitni atom 
seem to be widely (liveryent from his older value's ainl tlH».se 
of Bainhrid>;e ; ami as Aston himself states that ‘ his newer 
values are in better accord with the iniicli more but less 
direct ealciilations from the eiierjiry relations in the e^pia- 
tion of artificial disintcji'ralion” it .seems worth while fo 
compute this tlilferenee from a set «>f well chosen dhsintegra* 
tioii <lala. Ill our calculations reactions have been sSi ehc»- 
sen that the mass diU'ereiice {a) (2112 {h) (IP -j- iP 

— ir-) have been directly obtained or they ha\e been 
obtained in combination. An accurate knowledjie of 
thes* two quantities .seems very fuiidameiital in the pre<*ise 
determination of atomic wei^^hts by means of di.siatc'i'ration 
data. 
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i.s jrivoii by 

(A^ (L>) (1) } (:’.i Ml) « :V2 MKV 
(r.) (2) -(l) + (’))-(b) -2:nb.:.*27 MKV 

(2!I‘-IIc‘) “ (il’ * 11 * - 11') is oiveii by 

{(^) (7) + (.s) 21-27 •:! MKV 

(I» (!») + (I 0 )-(ll) » (s) 21.77 TiMKV ? 

(K) (12) (li) ( 1 : 5 ) 21-211 -21 MKV 
(K) (1 D- «*>)-( ir.) 2r:{2 -22MKV 
(d) (1) i-(is)4 (II) 1(7) -21V‘)I MKV 
(II) (i)b(Hi) i-(i.s) 2rn-L-2:> mkv 

(II' + 11 ' - 11") ix (livi'ii liy 
(D ( I) -di!) -i Ki '-•2 MKV 
(J) (;5) I (I) -(III)- (2)-(I.s)-2-(mu •;?ii MKV 

(A) ail.! (11) }j;ive ])raclie.illy the same value. The 
appatent diserepane\ in Ihfir seef)nd places of decimal 
also di.sappears if the reaction em-r^y in {>) is taken as 
the diffen'iiee betwi'cn (.3) ami (17). Thus the value of 
the term (21I» He') is reasonably taken as (‘2.3 4»J_\32) 
MKV. (I) ami fj) ;.;i\e directly tin* valn(M)f the bindinj;' 
ctier| 4 :y of the deiiteroii \\}ii<'h has heen provi.sioiially 
taken as (IP | n* — H*)~2‘ir !:‘25 MIC\'. The remaiiiin;^ six 
reaction ei|nations inelmh' both the (pi.intities {a) ami 
{h), and Kb‘* fairly eoneoidant results when the errors 
in imlividiial nh.servatioii are madi' room for. Reaction 
eiieiji»\ in (11) is doubtful ami seems very low. This 
reaetion nia\ be obtained as llu* dilVerenee of reaetions 
(10) ami (7); wlieri the ener;.;y of release for this reae- 
lion becomes 10 ^ I .Mh;V. In th.it ease (HJ merges 
into (C) ; and (0) into (H). Miller'", Diine.in ami May 
j>ive the value of iliis reaction as low as 3’1 AlliV. 
Cockroft’ and Lewis are f)f r)pinion that this reaction 
cannot be rcKardcil as satisfactory. 

Reaction energy in (IS) appears to be somewhat liij«:h, 
tIiou,<>;h ( )lipli.'int *, k'l'iiiptoii, ami Rutherford j»i\e a value 
stdl lii!»her e. ;j. lUMJ^V. If tlii> valm- in (|S) as /;;iven 
here is reduced by about '17 MKV, the apparent hij;h 
value for (II) and the low value for (J) disappears; 
ami th<*v a*;re<* to (»ur i.duc's satislaettirily. 

Reaetion eiierj^y in (li) -I'liMKV is apparently low' as 
Clia«lwiek* and ( ‘.ohlhaher sn.Li;»esleil that the energy 
release is about 5 MIvV. Disinte^^nitioii value for Li* by 
slow neutron bombarilment is j;iveii by Livinijjstone* ' and 
HofTimiiiii as 1 n7 Ji'CS MICV. With this value of energy 
release in (11); (F) approaches our \ nlue. 

hhieri^v release term in (In) lias been decidedly }»tveti 
by Olipliant*, Kempton, and Rnllierford to be lr9 
MhA" ; which is hmnd on c.ileulalion from their values 
of ct)rrecleil masses. If. Wilson** also has ^iveii 
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weif^ht to this value. The value of 14'.?±'5 MKV f^iveti 
by Bonner* * and Brubaker seems to be low. 

Tlie value of the hindiiij^ cnerjry of deuteron as 
calculated here by mass defect method seems to be pro- 
bable on the basis of the photo disintegration experi- 
ments of Chadwick** and (bddhaber and of Keather'*, 
as al.so on the basis of the theoretical work of Bethe** 
and Pierls and others. Duo to uncertainties in the 
energies of reactions involved in both (I) and (J) this 
value or the value for the mass difference of (2H* — He*) 
=23*44 *32 MKV cannot be asserted more definitely. 
The present value of the iiia.ss difference of deuterium 
molecule and helium is nearer to Bainbridge's value 
(23'4it'’2) MI\V than to .\ston*s most recent value of 
(23 rfi±: 2) Mh'V. A check on this value of the binding 
energy of ileiiteron has been obtaineil by Bainbridge* *,* • 
and Jordan's new mass spectrograph data of the mass 
difference (N* '01074 ' *0002 mass units com- 

bined with the mass difference of (2H* - 1 1 ')= 001 53 ± 0004 
mass units ; when the value of the binding energy of 
deuteron turns to be about 2'15 The value of 

(2H*— He*) herein calculated lend support to the di.siii- 
tegration mass scale given by Cockroft* and I^ewis. 

idly sics Department S. C. Biswas. 

Dacca Tlniversity. 

10 . 2 . 1036 . 
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ficccl of a Radio Rescaicli Board for India 


Introduction 

Tt is only too well known tiinfc oonipnrcd to ofhc*r 
civilized c'onntric.s of the world, Indiji is di'iilonibly 
hjickwnrd in iiumy matters of vital iniportanee. 
'Phn de(iei(>ney is nowhere more eonspicnons than in 
those* Iwanehes of national activity which d(‘p(‘nd 
directly or indirectly on the applications of modcTii 
scientilie knowledge. In SeaKXCK am» (^ i.Trni-: we 
have repeatedly pleaded for greater application of 
scientilie knowledj^e to various problems of onr intio- 
nal life, e.f/., electrical development, irrifiation and 
erop-planninu, industrial projijress, broadea-^tinj;, etc. 

[jike many other activities of a civilized soeietj*, 
India is hopelessly backward in Imiadeastinj; tn<». 
This will be clear from the fact that while the total 
niiniber of wirehss lieemres in force in (Jreat Britain 
in Anjjnst ItKIo was about 7 inillion.s, the eorre.s- 
pondin}^ figure for India was about 1S,(I0() (March 
IbHo'. One promising feature, however, is that the 
number of listeners is rapidly increasing and tlie 
figure for March lIKhl is estimated to l)e approx i< 
mately iS,0()0. India is a vast country, and oilers 
an enormous field for further progress. It i.s, there- 
fore, liopcful that at last the flovernment of India 
seem to have realiz(»d the importance? of broadcast- 
ing in national life. 


Ill any braneli of seiiMitiiie ai*|ivily. fnmiamentnl 
and intensive* re.seareh work is ne(*('>.sary if continu- 
ous progre.ss is to be maintained. In all civilized 
eonntries, the State as w(‘ll as the private indu.strial- 
i.sts are well awan* of this, and have fully eipiipped 
re.seareh departments for eondiieting the necessary 
investigations. In many cases, siu'h scientific 
invc*.stigat ions can b(* carried out inside a laboratory, 
but research into tin* fnn(lament:il probh'iiis of radio 
coiiiiminieatinn can ."jcureely be* limited in this way, 
since it is olt( n necessary to collect scientific data 
from many parts cif the world, and considerable 
resoinves sind mnch eo-op(*ration are needed to stage 
the e.xperimcntal wnrk on an adecpiati* basis. Such 
(*onsiderations as tli(*s(* have l(‘d to tlie formation 
of radio research boards, tlie first, of which was 
formed in (ireat Britain in while others have 

followed in Australia and ('anada. Beeently the 
need of ^^stabli.shlllcnt of a national radio research 
board for India has be(‘n felt and di.scns.scd in 
various iinartcrs. In Srir.M i: am> ( h'l/rnUK, June 
Ib.'hi, w(* liavi* already pnl)lishc(l an account of a 
meeting organized by IVnf. S. K. Mitra in London, 
in which a number of ))rominent Brili.sh scientists 
bad a diseiissiim on iIh* .subject. Prof. K. V. 
Appleton, j\ n. s., who was pr(‘.s(‘nl. said that India 
bad its own radio problems, the solutions of whieh 
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Upon w()rlv(>t's ill India. Those <‘aniiot 
follow from work carried out in other parts of iho 
world. It seemed to him that th(‘ formation of an 
Imliaii radio research hoard, in which workers in 
universities would be assocdated to eneoura;re and 
extend radio inve.vlijralion, was m*e<*ssary hi make 
<‘ertain that facilities for r(‘seareh wi-re ade<|iiate. A 
wonderful eppMi'timity lor servinj; seienee and th(‘ 
eonntry was ollered to such a Imard and he felt (|nite 
sure that the npportmiity would not he missed. OiImt 
eminent persons <'omieeted with tiu* radio also ^avi* 
support to tli(‘ proposal. 

The authorities in India are, ImwevcT, 

apparently of the oi)inion that all the neec'ssary re- 
search on radio prohlem in India could he very well 
iindertak(‘n hy the newly formed rcsi^andi section of 
the All Indi.i Itadio, and its orjraii, Intlittn 
in an (‘ditorial, cjaN^* r*xpre.ssion to the same vi<‘W. 
In a Letter to the hiditor, {Imlinit Lisicncr, Aiij^., 
7, Ih.’hl), Prof. M. N. Saha pointed out several 
reasons why the research section of the A. I. It. 
cannot perform the fumdions of a national radio 
research ht>ai'd. 

“In the fust place, tin* research seclioii will he nu»re 
c«m(’criie<l with iinincdiate onj'iin'criiiji; ])rohlcins of a 
coiliaierHiil nalurc, and will not he ahle tf> nmtertake 
investij^ration of prohh ins of a fniulainental «'liaracU*r, which 
is one of the main ilenis in the jiroj^rainme of work, of the 
K.'idio Ucscanli Moards. Tliis is liecanse the actidcinic 
atiiiosplicre which is necessary for the study of such 
prohleins is entirely in the research section of a hrtmd- 
cnsliii}' ur^ani/ation. 

Secondly, it has hccii oiir sad cx])crienc.c in the past that 
when a '.*overnnient Dejnirtnieiit takes upon its(df the task 
of cariyini( (.n Iniidamcnlal research work, the duties of the 
oflicer eiijja^cd for the jnirpose very often !)e«in and end in 
f^oinji;^ thron;>h an inlet niiiialde series of ollicial ides and 
the ortlcor is liardly rdlowrfd .'iiiy time for cpiiet thinking' 
ami sustained w»»rk ; the desire of the Goveriinient to carry 
out such investi,i;ations nltimately ie«lnecs ton mere pious 
hoj)('. 

Tiiirdly, it has not he«m found possible for the research 
sections of <ithcr and iiiiieh iiijif^er liroadcastiiij; concerns 
lo take upon Ihemselves the ])erformanre of fnnclioiis of 
Radio Rfseareli hoards, and it will no more he so for the 
newly f«>rmed similar section of the A. I. K. 

(It may not j;cnerallv he known that the llritish Hroad- 
custinj' Corjiondion has a research section of which 
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Mr. Kirke is the head. It deals with problems arisinj; out 
of the teelinieal flevelojmieiit of the eiifriueeriiig of bioad- 
eastinff and it has neither been within its »c 'pe, nor it has 
ever hren its aim, nor indeed it is jiossihle for it to ]uM'form 
the functions of the Radio Research Hoard)". 

Xtiffirc li:is commented more tlinii once on tin* 
dosirabilily of estiihlisliinj^ :i radio research hoard 
for India. In an edittirial (AV//i//y', March -111, 
liKhi), it was*, pointed mit that hroadeastiiiR liad a 
<rreat flit lire* in India, and for its pronrress, all the 
seieiitiiie problems eonneeted with radio eommnniea- 
tion in India had to he thoroughly invest itrahul. 
('arryvn^ out a eompreliensive plan of research will 
he, Imwever, beyond the means of anybody (*x<'ept. a 
national radio nvseareli hoard. A;r<iin in a not(‘ in 
tin* News and Vi(*\vs sc'ction, Xiiliirr, (dan. liKIT) 
<‘oiilirm(‘d the saiin* opinion and express(*d the vi('W 
that the research si*etion of the .A.I.R., heiiijx more 
oeenpied with appli(‘d research, will not he ahh* to 
a(‘t as a snhstitnti* of a radio resear(*li board. 

Why India should have a co-ordinating body like 
the Radio Research Board 

III eonu(*.\ioii with the (*\tensioM of radio eoin- 
mimieatioii service, problems of a local nature are 
met with in <‘v<‘ry (‘onntry, tin* study and stilntion of 
wliieh are ossc‘nlial for satisfactory proirress of the 
iiiti*nd(*d ext(*nsion or dev(*h»pmr‘nt. India is no ex- 
eeptiim to this rule. Such problems, for instaiiet*, 
are : I’adio Held streiic;tli survey, t*Ii‘e(rieai proper- 
ties of the soil, (lireetioiis of arrival and field streiijrth 
tif atmospher(*s, allocation of the most snitahh* wave- 
lengths for lonjr- and short-wave broadcast iny;, etc. 
.Vpart form the local needs of hroadeastin;!^, various 
Iirobleins arise* in i*(innexion with Kmpire. hroadeastinjj: 
for the solution of which a world-wide study is ne- 
cessary. Tin* data, for instan(*(‘, rejjfardiiiji; field 
streiiy;ths of reeeiv(‘d sijiriials at ditlereiit hours of the 
day, in diflen'nt seasons of tin* year, on diHerc'nt wave- 
lengths, and with diiVerently disposed transmitting 
serial systems, and the angles at whii*h the rays cor- 
responding to such signals are incident at the rt*- 
eeivers, are extremely iin^agn* in India. 

Pn)h](*nis enumerated above cannot he sneeess- 
fnlly stndi(*d hy isolated bodies like nniv(*rsiti<‘s 
(wli<?re only .siKth study is now being carried on in 
India) , working independently of one another. A 
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co-ordi Hating bndy liko tlio radio ivscarcli board is 
(»ss(Mi(ial for tlio pnrpoM\ 'riu* board should <lra\v 
lip a roiiiipotod prograniiiK* and ailorato its itonis and 
tin* funds at its disposal to tho various bodies whieii 
arc willing to co-opcralc and have suitable iimmi to 
undertake tin* study of the problems. 

lb>siilts of investigations carried out on a «‘om- 
prehensivc* basis like this will, t»n the nne hand, have 
immediate application to the solntinn of problems eon- 
in*et<'il with the exttaision of ra<lio s<-rviee in India 
and, on the* other hand, h‘ad to fuller utili/.ation of 
the Kmpire Hroadeasting Service at Daveiitry, 
whi<*h aims at reaching every part of the Kmpire. 
Further, tin* results of the investigations, as a whole, 
will be of immense value to the progress of 
the sci(‘nc(* and art of radio. 

Tmportant resean’h work eonin*cted with radio 
has been earri(*<l out at tin* ( biiversiiy of ( ^dciitta 
during the last ten years, on Held strength surveys, 
ioinispherii* Indglit and density ineasnremeiits, inllnein'e 
of solar eclipse, et<*. lonospheru* iiiv<*stigations are 
also being (*ondnct(‘d at the University of Allahabad. 
Th<*se works have, how<'ver, lost much <d' lln‘ir value 
for want of a proper (M»-ordinating liody. 

I'he lieneiits to lx* d(*rived from a new organiz- 
ation of the type iiinh'i' discussion are Ix'st ap|)re(*i- 
ated from a brief review of the work of those radio 
research Ixiards which are alr(*ady functioning. 

Radio Research In England 

fn |{)‘J0 tin* Radio Ib'soarch Hoard was ostabli hed 
imd(*r the (\*nnnitt.e(? of tin* l*rivy Council for 
Scientific and Industrial Research, 'riie object was 
‘‘to assist in tin* co-ordination of radio rcs(*arch work 
carried out by the lighting services ami tin* P<»vt 
OHiee and to iirovide bn* research work of /Wm/o- 
liffit/dl udinre in din*ctions when* it was lacking 
and wln*ro it was likely to lead to useful applica- 
tions.” In recent years the Hoard has ceased to be 
responsible for direct co-t»rdiiiati<»n of (jovernmenl 
radio res(*arch and is d(*voting its attention mostly 
to the primary object for whi<*h it was appi»infed, 
namely, “to bring into direct relationship with the 


liraetical advances of the art of wireh'ss signalling 
physicists wliose main interest in radio research had 
lain in w«»rk on the theoretical sid** and to place 
those concerned with the <leveh»pim'nt «»f apparatus 
into clo>er contaet with men of scienee w(*ll vei*sed 
in tin* phy.-i<*Ml rinnnlalions r>sential lor the satis- 
fa<*tory progn-ss of tin* art.” 

Tin* programme id’ re.*>(‘arch is: 

1. Propagation nf wave-;. 

1?. Atmo<phcri«‘s. 

.‘i. Directional wirde-s. 

-I. Thermiimic valves. 

'rin* pn'»gramme al-o includes ic-carch work <»f 
an international characli>r. and the memlna's id' tin* 
Ho:ird and its (*ommiltce*i take promiin'iit part, 
thmiigh the Hriti^h National ( 'ommiltis*, in tin* work 
id’ tin* I 'niou Ibnlio Srif^ntitiiim* liitcrnalionah*. 

In the (‘ommittcj* (d’ the Ixiard there are re- 
pr(*sentativc,s of tin* Po^t ( )11ice, tin* H. H. (\, tin* 
.\dmiralty, the .\ir Ministry, the War < )lliee, the 
.National Physical I laboratory, tin* .Meteorological 
Dcj)arlnn*nl. and the universities. 

The programim* suggested by the Hoard is carried 
out p;i?*tly in tin* .National Physi<*al Laboratory and 
partly in the univ<*rsity lal)oralorii*s where there 
are facilities for uinlertaking radio ves(‘ar«*h. 

The fiiinls are provided by the Ih partnn*nt of 
Scieiililic and Industrial Rc'scarch and by the Post 
( mice. 

Radio Research in Australia 

\ confen*nce was convem-d in P.t'Jti by the 
Council for Scientilii* and Industrial Research and 
was att(*ndeil by d(*legates from tin* Postinaster- 
(lenerals Department, the Def(*n(‘e Department, the 
iiniver.''itie‘<, and the broad(*asting interest.s. The 
eonierence* gave* tin* opinion that “tin* establiishinent 
of a Radio Resear<*h Hoard would be i»f advantage 
to all radio interests in .Vu>tralia and that the pri- 
mary function of tin* Hoard is to originate, facilitate, 
and co-ordinate radio r(*s(*arch investigations.’’ It 
further siiggcst(*d th.-it “such a Hoard eonld, with 
advantage, ilirect its att('iition to {tt) (‘o-opernlibn 
with tin* ih'itish Radio Research Hoard and with the 
r.R.S.l., (//) (‘onsideratioii of st'ientiiie prohleiiis 
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rolat.iiij; fo hrondrastiii^ fii .Aiistnilia, and {(*) tli(^ 
iiii])rov(»iiion< of r(|iiipinoii(. and ollu*r facilities avail- 
able ill Australia f«»r ele<'(ncal ineasnrenients at 
radio fref|iicii(*i(‘s." 

The n>co)niiiendatioiis of the cnnferepce were 
accepted by the (\iiiiHah as a rcsidt of whiidi the 
Iladio Heseareh Ih»ard *»f Australia was established 
in 1!VJ7. 

The projirainine nf n'searches is : 

1. Kidd strenjvth measnreinent. 

2. Heaviside layer and fading work. 

X Atinosplieries. 

In the personnel of the Ikiard then* are repn‘sen- 
tatives of the universities, the Poslniastf‘r-(ienerars 
Department and tin' ])i‘|)artnn>nt of D(‘fenee. 

A lar^(' jiroportion of the work is carried out 
iiiidcT the ans])ices of rniversities .of Sydney and 
Arelbonrnc. 'rin* funds are ])rovidcd jointly by the 
Council of Scientilic and Finlnstrial Ib'Scandi and 
by the Postinaster-Oenerars Departiin'iit. 

Radio Research in Canada 

The National Research (kaincil f)f Canada 
established an Associate Committee on Hadi<i Re- 
Roareh in lO'lO with objects similar to those of the 
British and Australian Boards. The projjrannne of 
researches is : 

1. .\tmo>pheri<-s. 

2. Measurements and Spiiidards. 

X Wave propjijration. 

•1. Direction finders and antennas. 

The Dc'partnu'iil <d’ National Deb'iiee is p.arti- 
cnlarly inlcresieil in tin* study of atmospherics be- 
canse it is h(»|ie<l that by locatinji: the sources of the 
atmrispherics snnie added information c:in be obtain- 
ed r<*«(ardinii: the projrress of storms. The iiibirm- 
ntion would be of nse in ineteorolojrical forecastiiijr 
and, <*onsei|nently, of service fo aeronanti<*s. 

fn the personnel (d‘ tlu' ( \>mmittee there are re- 
presentatives of th(> nnivf'isities, the Nation.'il Re- 
S(‘areh ( \aincil, the Di'partment. nf Marine, and the 
engineering and technical collcHres. 


The Committee works in co-operation with the 
following orgniiizatioiiH : Canadian Marconi Com- 
pany, (/anadian Radio Broadcasting (company, 
MeOill T’ni versify. Northern Electric Company, 
and the University of Montreal. 

The funds an* provided by the National Research 
Council and the I 'niv(*rsity of Arontreal. 

Some interesting features of the Radio Rescarcli 
Boards 

The boards, while rc'cogiiiziiig (he importance 
of investigations having immediate practical ap])li- 
eations, have not lost sight of (he fact that, for real 
progress in the art of radio, researches of a funda- 
mental character are (‘xtremely important. Tn fact, 
in most cases considerable stress is laiil on fnnda- 
mental work whicdi should lead to a better under- 
standing of the ri'lation r>f geophysi(‘al phenomena 
to the ))ropagation of radio-wavc's round the surface 
of the (‘arth. For this reason close <M)-operation is 
maintained with (lie universities where men are 
available, who, by their training, are i)articularly 
fitted for such (ype of work. 

Various (iovcrnm(*nt Departments, like* (he 
Postal Department, the Defence* Department, the 
Air Ministry, the .Mi’ti'orological Di'partmeiit, and 
oi^ani/ations like brt)adcas(ing corporations clos<*ly 
co-operatc* with the board’s work. 

A pleasing feature of the Rritisli Board — 
whi<*h is the first of its kind ■ is that it reeogni/.es the 
Imperial aspect ol the problems with which it has 
to deal and (hns co-operates fully with the boards 
of the Dominion eonntries, not only by suggesting a 
<*ommon and suitable programme of work but oct'a- 
sion.'lly by supplying them with (In? necessary 
apparatus. 

Idle abov(* ae<*oiint shows in short w’hat has been 
done, in the past in the direction of radio research 
ill England, .Australia, [and C^inada. India sadly 
lags behind, anti we hopt^ that st4>])s will be taken in 
near fiitiirt* tt> cn*at(^ a radio re.search board in this 
country tm tin; lines of those in England, Australia, 
and Canada. 
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Recent Progress in Unclear Piiysics 

S. li. Bose 

ProfmHor of Phyalen, Dacca University. 


PllYHK^AL scMeiu ‘0 is at ]>rosoiit ])nssiii^ tlirDu»;it :i 
roinnrkabli? phase nf raclleal ami revolutionary 
c;liaii|iros. Time-]i(»nonr(!(l ooncepts arc cnunhlifijr 
down under the shock of remarkable discoveries. 
The familiar idc'as of birce, mass, and enerjry have 
nnderffone iH'markable transformations and ih(> dy- 
namical laws which seemc'd at om* lime i<» pri>vide 
the iiltimat.e basis for the nieehanieal explanation 
of the material nriivei’se liave now been replaced 
to a lanre extent by (piantnm-nie(‘hanieal rules 
and probability-eahailatinns. Controversy now raijes 
round the validity of the very principle of causa- 
lity without which s<‘ience woidd have seemed 
impossible a few years af;o. It is therefore not 
siiri)risini; that the old (ameept of the atom as the 
nltiniate tmli risible unit of a eheinieally simple 
stnflT has been replaced by the modern idea of a 
eoinplieated sfrnctnre consisting of a positively 
charged material core, the nmdens, which itself in 
nitimate analysis appears to be heterog<Mi(»ons, eii- 
veIo|)e<l in a cloml of n(*gative el(»ctroiis, which 
again possess mon* or less definite amounts of 
energy and momentum, d(?termiMed by qnantnm- 
meehanical rides. 

The Electron and the Periodic Table 

I shall endeavour in tliis brief dis<?(»nrse to pre- 
sent before yon a brief history of the. various expe- 
riments which have compelled tlie modern sei(*ntists 
t^) adopt this struct lire for the ehemical atom in 
jdace of the familiar and simple concepts of liiicre- 
tins or of Dalton. The beginnings of tin* change 
in our point of view may be said to have been initi- 
ated about 40 years agi^ by the discovm-y of the 
electron in 1805. The experiments which led to its 
discovery estoblishod at the same time its presence 
as a universal eoiistitnent in all kinds of at«mis. 
The intimate connexion between electriinty and 


matter being thus establislusl once for all, the siib- 
seipient endeavours of tljc physicists and the che- 
mists have been diivudi'd towards e\|)1aining the 
div«*rgent iiropcrties of the chemical substances in 
terms i»f electricity and electrical for<*cs. 

It will be obviously inipossibh; in this brii'f com- 
pass to give an adciiuati' ai'count of all the results 
so far achieved in this region whcr<^ physicists 
and <‘hcmists have workisl shh* by sitlc, and 1 shall 
therefore cournn* mys»‘lf to a bare mention of the 
principal facts which have; led the \vay to the mo- 
dern coiu'cptions about tin* atom. Tlie ancient 
atomic, theory was formnlatisl niaiidy on the basis 
of ehenih*:d evidence. Tin* analysis of inniinierablc 
siibstiinees, which eith(*r o(‘ciir as such in nature or 
arc artili(‘ially produced in the laborabiry, has 
establish(‘d the existence fd’ about i)‘J simple subs- 
tances, the .so-calh*d ehmumts, whose atoms by com- 
bining and re-combining among themselves in vari- 
ous proportions have givim rise to all the various 
substances w«‘ sec* around us. Without losing their 
individual distinctive* fc*aturc>s, many of tiie.se ele- 
ments show among thcni.sclvc's remarkable similari- 
ties in their chemical ]»ropc»rties. The.sc* have been 
infc*nsivcly stndic*d by the chc*mists, and the main 
results can be c<mvcnicntly rc*prc.senlcd by arranging 
all the clc*mc*nts in a scries of horizontal and vertical 
rows, in the .so-calh‘cl pcu'iodic tai)le of McaideljicfT. 

'riie remarkable fc^atiirc* of this arrangement is 
that wh(Tca.s the atcauic. weights «»f c'lcmonU in- 
<*rcase sti*adily as we go down the serie.s, marked 
similarities in the* chemical propcTtics rc*ciir at more 
or lcs.s regular iiitc*rvals, /.c., as soon as we come to 
elements which lie; in the same; vertical column of 
the rectangular array, ^riie atomic number in the 
s<di«*mc plays as important or rathc*r a more important 
role than the atomic weight i»f clcment.s. Mo expla- 
nation of this regularity can obviously be found ip 
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tlio simpio tlioovv. Xor wsis thm* any 

prospcrt from tlio rli<'ini(‘:il side; alono of arriving 
at tho o.\|)laii:itioii of tlio iiiysforioiis regularity in the 
elieiiiieai heliavioiir of elements. 

Tii(‘ (liseov(‘ry of the electron liow<‘V(‘r inanjrnr- 
ated novel m(>lliod'i of attack for tin* solution of the 
pii/./.le. 'The [)resenee of «*leetroiis carrying iiejjative 
eharjj^es, as <‘oiisf itmait of all atoms, as well as the 
(dectrieal n(‘ntrality of the atom as a wliole, had 
hron^ht the intJU’estiue: qiiestinii of tin* electrical 
structure (»f the atom to tin* fore-front. After the 
discovery of the <'h‘ctrou (he .atom lor the physicist 
could no l«my:er continue to he a simph* substance. 
The problem of its (‘nmpit'^it ion, /. e., the distribution 
of mass aud chari^i* inside it, dcmaiid(‘d an iir^cait 
solution, and speculations were at work rejrardinjr 
its structure even Ix'fore mle(|natc data were obtain- 
ed for drawiuir pmbabh* cduelusinus. 

Closj'ly fnlluwiu^ oil the discovery ofthcchv- 
trons, came the discovery of radium and the radio- 
active elements. Alony; with the famili.ar and 
stable elements whi<‘h seem to persist iinchan^<Ml 
throiij»h ji:eolo;xlcal periods of time, tin* iliscovcry of 
the phciioiiuMKin of raditiactivity establislual the 
existence ol the so-called unstable elements. *!J'hoimh 
these beiiav(' as ordinary elements in all chemical 
reactions, they are found to disiiit(‘;*'ratc spontane- 
ously and jrive birth to m*w elements of smaller 
atiMiiic weij^hts, which in turn explode, rcji'eiierat** 
iresh elements, and tin* seri«*s of elomeiils of de(*rcas- 
iiij; atomic weights is continued till the whole 
proci'ss comes to a stop with an element of ordinary 
stability at the end. DiiriiijLi: this process of 
successive disiuteMjratioii th<> radioactiv<* cleuients 
<*mit swiltly nioviny: charged particles (the so-calh’d 
<1- or /'-radiat ion). law also emit in e!<‘*i<’i'‘d pene- 
tratin;!; I'-radialions ol the type, of X-rays, '^riui n- 
])articles were early r(*coy;ui/ed as the niich'i of 
hclinni atoms whi<-h carry two units of positive 
charjr(! whereas th(‘ /''-rays were found to hv swift 
ele<*t rolls which move with velocities ai»pro;ichiiij; 
the velocity ol lijrlit. 'rhoui>h it was found impos- 
sible to control the phenomena of spontaneous 
disintejrration of the eh*meiits, their very existence 


revealed the composite natiiro of at least the 
heavy atoms, and made the hypothesis of a structure 
for all atoms out of comparatively simpler siibs- 
tanc(*s a V(Ty prohabh* one. 

'Fhe swiftly movinjj; positively charj^cid n-parti- 
cles, emitted during the process of radioactive 
de<*ay. furnished the physicists with a v(‘ry con- 
venient AV«*ai)on for attacking tin* ]irobh‘m of the 
constitution of atoms, [jord Kuth(‘rford conceived 
fhe brilliant idea of sending these swiftly moving 
charged particles as probing agents inside tin? atoms, 
where th(‘ir mass and iMiormons kiiu'tic energy 
would enable tluMU to penetrate far into the mys- 
terious interior, bebire they would be deviated out 
of th(*ir straight conrst* by the int(.*nse t-oulombiaii 
licld of force. 

TIu' d(‘termination of the distribution of the 
scattered particles in various a/iniuths would, ho 
hoped, enable th(‘ physiiMsts to obtain a fairly 
<‘orrc<*t pictiin* of tlu' distribution of mass and 
charge inside tin* atom. ^Fhc lir.-'t experimiMits in 
this dirc'ctioii wen* carried juit in Iiiitherfonrs 
l/iboratory at ManchcMcr by (icdgcr and Marsdcii, 
and they at onc(‘ aUbrded valuable information 
regarding the probable* constitution of tin* atoms. 

'Fhe ]>hy>icists had already arrivcsl at an esti- 
mate of the* atomic si/e from various e•olHiderations. 
The* kiiietie* theory imlieMteal the radius (o be about 
It) ^cm. "I'hi* experiments of (Jeiger aud MarMleii 
now revealed that tin* ma>s of the atom must be* 
n*garded as concentrated within a splu‘re iif a much 
smaller radius, say (it) '* to ID ‘’'cm). 'Fhis cem- 
tral con* was alsi» foiiml to be* positively charged, 
aud its magni'tiuh* was ap|iro\imately estim:it-(*d at- 
half the atomic weight of tin* c*lement. 'Fhis <*xperi- 
meiit of (Jeiger and .Marsde*!! (‘iiableel the physi- 
cist to Ibrm a fairly corna'I ieh'a about atomic 
exterior. "Fhe planetary atomic model suggested 
by Uutherford, where a positively charged nucleus 
controls (‘lectrons revolving in orbits controlled 
by (Miidombian forces, gained thus a universal 
acceptance among the s(‘i(*ntists and proved a 
valuable and fruitful hypothesis. Detailed dis- 
cussion of the siibs(*(|U(‘nl dev(‘lopim*nts will 
lead us too far away from o!ir main 
theme, r shall th(‘refore m(*iition in the briidiLst of 
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t4*rius tiu* priiicipiil nchiu.vcMiicnts wliifli wo owo to 
this iiiodol. Ill liolir sliowoil tli:it tiio optionl 

spootni fif oloiiKMits oniild In* oxpljiiiicd <ii) tho basis 
of tlio :i!»nv«‘ inodol if the oloctroiiij- <‘oii^ti(iioii(s of 
flic* afcHiis won* scipposcMl (o iiiovo ill dc'liiiitc* orbits - 
dc>toniiiii<*d mainly by <*loc*lros(ati(* forc'i's and by 
siil)sidiary c|ii:inlinii-laws. 'I'ln* >-tiidy of flic X-ray 
sp(*c‘tr:i of c>loinc>nts r>nabli>d MospIcw :il about flic* 
same* time* lo s(‘t!lc* with (‘i*rbiinty lln* ma^niliidc* of 
the* charge* of llio mioloiis and also tin* nnmbor <»f 
r*h*otrons in outside* orbits. I'In* fiiiidann ntal iiatiin* 
e»f the* atoniie* iinmbe*r in tin* Mf*neh‘lji<*irs table* 
l•e■e■e*iv^*d fh(*re'l)y a rational intorprotalion,' and no 
iiit(*rpolation, or ohaiijL^e* of arran^e'iin'iit in tin* se*rios, 
ooiild be* e‘«ini*<‘ive*el ed' at any snbsoejiiont porioel, as 
tin* seM|ii(‘in'e* eif atom in tin* fable* folloW(*d the* 
int('«<:ral s«*enie*ne‘e*s of inoroase* e»f atennie* oliar^os. 
The* iele*a of tho spinnin*: ole*otron <£ave* a rational 
oxplaiiatioii of tin* porieidi<*itie*s in tin* M<‘nde‘ljie*lV*s 
table*. Tin* i*Ioe*frons wore* r<*ve*alod to bo {ireMipod 
in dilloront olosod sholls romni tin* e'ontral e*ore* and 
the* e*liomie‘al proporlios of lln* olomonls e*oiild bo 
de*linitoIy oorrolati'd to lln* nnmbor of tin* e*l(*olrons 
in tho ontormost iin*omple*to >.ln'lls. ^rin* ole‘monts 
of tho same vorli<*al oolmnn wore loiinil thus to 
have* more* or lo^s ide*nlioal <*\te*rnal strnoliire*, whiedi 
e*xplaiin*d tin* similaritie’S obM*rvod in tlioir e*he‘mioal 
proportios. 

Slriicturc of the Nucleus 

Fn lil’Jo e*amo important thoorot ie*al dovedeip- 
monts. The* nnxlorn wave*-nn*olianios was formiilat- 
od whie*h oiribh'd tin* phy.’*ioi>ts to re*plae*e* the* leir- 
me*r te*n1:itive* oalonlations by e*xae*t mat he*matie*al 
analysis and tin* dilloront ompirie'al prooodnre*s w(*ro 
iinilie'd infe» a siniih* oonsiste*nt analytioal dise*iplino. 
Thontrh all tho einostions whie*h have* be*<*n raisod by 
tin* study of the* physioal ami oln'inioal be*havie»nr ol 
e*le*monts may tlul^^ bi* saiel to havo o1>t:iinod nn»ro e»r 
loss satisfa(*tory se»hi(i«nis, the* proble*ni of tho striie*- 
tnro of nii(‘le*ns had howovor b(*on soarooly toiiohe*el 
till tho bo^innin^ of the* pre*se*nt d<*e*ad(*. 

It is not dillionlt to iind n*ason for this de*lay in 
tin* de*ve*iopim*nt of nuoloav ])hysie*s. "I In* nm*le*i of 


elomonts lio hidde*n bohind a prote*e*tivo oloml of 
<*le*e*f rons. Tho inte*nsity e»f the* (^Ml^Mnbian lh*|e| 
alse» iin*rc'ase*s very rapidly by about l()‘"timosas 
wo ap|iri>ae‘h freim the* outside* to tin* in'i^hboiirhood 
of tho mioh'iis. 'rin* bombardniont of atenns by swiftly 
movin'; e*le*otre»ns iiael nett firodiioe*el any fruitful 
rosiilts so tar, and in orele*r that positivoly oharyjoel 
paiiie*Ie*s e‘emld overottiin* tin* e*nornioiis ropidsivo 
feire-o and approach tin* niiole*ns within a r(‘as«>nable* 
distain*e* snUioicnt tet produce* ^«i^niiicant■ i)i*rtiirba- 
tiiMis in tin* niie‘le*ar roi^ions and pritelnoe* si'iisibh* 
re*snlts, swift ])artioIi*s with trcnn'inlMiis ve*looitie*s 
appe*are*d at tirst sijrbt ne*i*e'V‘*ary, whie*h we*ro e»idy 
available in small amounts frttm radiitae-tive* proe‘(*s- 
se*s that e'ltntinin* yet tei be* beyemd inir omilrol. 'I'ln* 
sniallne*ss etl the miole‘ar si/.e mak«*s also tin* ohaiioos 
of e*le»se* oeillision ve*ry very renntle* set that tho 
por<‘e*nta«;e* yie>lel eef any e|e*lini|e* re-^nlt by tin* 
be»mbarelme*nt e»f n-parli<*le*s is voiy small ine1e*(*d. 
Ne*ve*rlln*le*ss sine*f‘ only tin* e*hemioal pre»|>e*rtie*s 
e>f e*h‘nn‘nts appi*are‘el to be* eoxornod by tho 
*iiie‘le*ar e'har^i*, an arlilii'ial li'ansimitation of 
e*le*me*nts e*onlel be* hopewl Ibr, if one* we*n‘ able* e*ithe*r 
to push a e*1iar'»:e*e| particle* in tin* inte‘rie»r of tin* 
niie*le*iis e»r to brine a e*hary:e*d particle* in its 
imiin*eliale* pre>\iniity, se> that tin* e{i^tnrbane*e‘ thus 
se*t lip miy:ht possibly indne*e* spemlain‘eiiis trans- 
miitatieai of tin* ateim. 

In eirdor tee e*nsiirc‘ stability against (ho dis- 
ruptive* iiilliie*nce*s eif the* ("enileimbian fe»r(*cs, the* 
pre*se*ne*e* inside* (he* atemi eef attractive* feirce*s eef 
nnkiniwn e>rit;in at>pe‘are‘d alse> ne*e*e*.ssary. 'I'ln'sc 
attractive* fore*e*s are* nnest preibably se*nsiblo at 
distane'os e'omparable* with tin* liin‘ar dinn*nsie)iis 
e)f the* niicle*ns, so that only a e*are*ful study ed' 
the* larjri* delle‘olions nf »«-part ie*le*s from sinirlo 
and cleise* c'neonn(e>rs with ]i<.*;ht ateinis nii!j;ht bo 
e*xpe*ctod te) ujive* some* informatiem abeait tho 
natiiro eef tln*se* attrae’tivo tore*«'s. \ snoce*sslid 
e*arr>inj; eeeit ed’ tin* abuve* preeLrramnn* re*e|uire*d 
the* ele*ve*leepme*nt e»f a ^pe'eial t e*e*hnie|ne* for (he* 
study e»f "in'll atemiic e*ncenmters. Tin* <*arly niotlmd 
of elire*c(ly c'enintiiijL!: (In* seintillat i<»ris to estimate* 
the* larije* ancle* seatte'rinc- e»f a-]eart iclcs as fe)lle)Wod 
by (ee*i'ror aiiel Marse|e*n was fiii*the‘r improvoe' 
upon by ( ’hadwick and r>ii*!e*r in tin* laboratory 


476 


Vnl. 11. No. 10 
APRIL. l*J37 



RECENT PROCaiESS IN NUCLEAR PHYSICS 



of RiiUierfonl at Cainbridgo. A direct mcasiirc- 
inerit of the tiiudeiir charge and an estimate of 
the nature (»f the electric, forces acting on a-particles 
in the immediate neighboiirhood of light iiiieleL 
were rendered ])ossibIe by the stmly of scintilla-- 
tioiis produced by the* scattered partich*. 

The expansion apparatus of Wilson supplied 
another valuabh; method of :itta(‘k. Under suit4ibte 
circiinisbinces, tin* tracks of the colliding particles, 
the nucleus aiul the «-pn>jectiles, before and after 
collision, could be. directly photographed, and the 
interchange of momentum and energy between the 
colliding parti< 5 les could be directly estimated from 
the mcasureiiieiit of st<Teoscopie i)ietures of such 
encounti*rs. Tu ease sm‘h collisions brought alH)ut 
artificial disinlegratioii, the n^eord of th(^ (‘xplosioii 
in the chamber pliotograpb (Miabled us in many 
cases t^t follow the th^iails of the process tiiieipii- 
vocally. 

The method of directly counting tlie scattered 
particles by the .scMiitillations ]}rodiiced on screens 
has been rcphu*ed in recent times by sim|)le, re- 
liable, and automatic methods of (‘oniiting the swift 
particles like a-partiel(*s or protons with the help 
of the Geiger ( Vamter and proiiortioiiate amplifiers. 
The mpidity of advance during the last few .veal's 
has been in large part dnit to the great itiiprov<‘' 
nients in the technical methods of attack. 

Nuclear Disintegration; the Neutron 

Already however in It) 111 Kntherford had ob- 
tained by the simple scintillation method the first 
evidences of artificial disintegration. Nitrogen 
nucleus bomliardcd by swiftly moving ^-particles 
appeared to give rise to streams of swiftly 
moving protons or mielei of hydn»g(*n, and subse- 
quent work along the. saiin; direi'tioii had revealed 
the oeciirreiiee of this phenomena of artificial di.siii- 
tegnitions during the bombardment of about twelve 
of the lightest elomeiits. 

By studying the phenomena of disintegration of 
nitrogen in a Wilson Chamber, Blaek(*tt was able 
in 1925 to give a satisfactory aecoiint of the de- 


tails of the process. This nuclear reaction seems 
to arise out of a capture of the <*-particlc by the 
nucleus of nitrogen, whereby an H-particle escapes 
out of the iiiudeiis and a new atom, an isotope of 
oxygen, is pnHliiced, according to the scheme 

Ny ■4-lIejf ^Hj + Ou 

1\vo capital discoveries in recent years have 
revolntionizcil the subject and accelerated the pni- 
gre.ss of iimdear physics. Uothe in liKlO obsf*rved 
tliat berylliimi when bombanled by a-rays from 
polonium gave rise to a markedly pimetraiing radia- 
tion wliieb appeared to be of the y-ray type. In a 
snbseipieiit examination of this eilect by M and Mine 
Curie Joliot in Paris and Chadwick in (Cambridge in 
1 9.-12, an important part of this radiation was found to 
(‘oiisist of a stream of swift, niudiargc^d particle.s, 
calh‘d iieiiti'oiis, which have about the same mass 
as the proton. As it is iimdiarged the neutron 
dues not directly ionize the gas in its path, 
blit only ntveals its presence iiuliredly by the 
reeoil of the miciens with which it collides. And 
siiic‘e the transfer of moiiKMitinn is largest when 
the mass of the eolliding niK'lens is about the 
same as tin? mass of the iieiitroii, the* siMMnidary 
ionization by recoil, as produced in hydrogen or 
in paratlin-liiied ionization>ehambei's, is much 
lai*g(T than in an ionization-chamber filled with a 
heavier gas. This piuMiliarity of beh:ivionr has 
served to diff'erentiat(> the neutron radiation from 
wave radiations of the y-ray type, which also 
usually accompany the ])henomena of neutron 
emission. Most of the mielei of the light atoms 
also omit neutrons when bombarded by swiftly 
moving n-partieles. This strange type of partiele.s 
is in itself an imporbint agent for efiVu'ting artifi- 
cial transformation of other mielei, mainly because 
it is iinebargiKl and as siieJi is not haiidicapiied 
by the presoiicn of the intimse Conlornbian fori’cs. 
It can ihiis approaidi and pem^trate into the nuclei 
of even the heavy atoms, and th<*r(*by bring out 
interesting transformations in iiovcd ways about 
wbitdi I shall speak later on. 

Potential Barrier 

The perfection of wave-inecliaiiical methods 
has induced various theoretical workers to apply 


BC1ENCB& 

OULTURS 


476 



RECENT PROGRESS IN NUCLEAR PHYSICS 

the now ideas in prohloJns <»f niu'lonr physios, 
ospeoinlly in invostigsitinti the oollisioii of eharged 
partieles with the ntoinie nuclei. The siiiuiltniieoiis 
presence of a (’oiilonibinii held ol repulsion and 
nil attractive force of unkiuiwn orijrln at short 
distances inside the nucleus jrives risii to what is 
teehnieally called the ]N>lentia] liarrier. The in- 
tense attractive forces inside the harrier serve to 
keep the ehartijed particles inside the nu(‘lens. 
Beyond the distsnice where <he Inujrht of the 
barrier rises to a inaxiinuin, tin* atlractivc forces 
cease to b<? sensible, ainl the lield may be ret:ard<*d 
as repellinjj charijed parti<*Ies ai’cordiny; to the law 
of inverse sipiares. Any charged particle wanting 
to i»enetrate inside (he niieleus will liave to siir- 
nionnt the barrier, and a<*cordiii}^ to the <‘lassieal 
theory, it will have to have a kinetic encrjry 
siitlicient to come over the top of ihe barrier. 

Based on ar^riiinents similar to the above, one 
estimated (b<*fore the adv(*nt of the wave-mecha- 
nics) that a luinimum acceleration-potential of a few 
million volts would be ne<‘essary to produce siiflici- 
ent acceleration in particles, before they art* abh* to 
cross the barrier. This estimate how<‘ver proved 
erron(‘oiis and ex<'cssive. 

A noteworthy contribution tif tlni theoretical 
physicists {mcHt frarc-nterlHunrs) in this subject 
has been to predict a small but appreciable proba- 
bility for penetration of protons across the barrier 
of lijjht elements, even wh<*n they have energies of 
the order of a few hundred thousand e.volts. 'I'he 
prediction seemed to brinj{ artifici.al tninsinutation 
on a lar^e scale within the ran;j:e of p<»ssibilities, and 
this theoretical conclusion was tested cxp(*rimentally 
by (^>ckcroft and Walton in l!)d2 who had been 
able to j;en(*rale a proton stream of about lt)(),000 
volts, in a vacuum tulx*, by step-wise accelenition. 
Their experiments at once met with e<miplete suc- 
cess and the evidence of disintej;ration of the lithium 
nucleus subseipient to tin* ea])lure i)f a ])rot.on was 
obbiiiK'd by brij^ht scintillations produced on the 
screen by the «-particles that were irenerab'd by 
di.sintojycration. Tiiis initial success of tin* (^mibrid're 
physicists has been followed nii by olhcM’ worktas in 


Germany, Fran(*e, and America, and it has become 
clear that (jonsid(*rable proj;r(*ss in artificial disin- 
tejrration can be a(?hi(*ved by boinbardin^X elements 
with swiftly moving; protons and other nuclei aece- 
lenited suitably by a|)plication of hiy;h voltages. 
Investigators of niielear (iliysics have concentrated 
their energies on the production of suitable high 
voltages, and notabh* siicci'ss in this direction has 
lM*en achii'ved in recent years. 'I'hrcM* diflerent 
methods havi* beiMi uninly IoIIowcmI in producing the 
neci'ssary high voltage: firstly, the original method 
of (\»ckcroft ami Walton. wl»i<‘h consists in accele- 
rating the particles in tlie vacmim lubes in stages 
wilh suitably insulated Iransrormers; secondly, the 
nifdliod of Lawreuc**, who has develo|H*d a peculiar 
method of multiple acceleration of ions in a syn- 
chronized magm*f ic and elc<'frii* alternating field ; and 
thirdly, tin* eleetri>slali<* mi‘lhoil of Van de Grauf. 
(.Ninsiderabic progress has b(‘eu achieved by the 
application of all I hi* lliree methods ami a lot of 
intcri'sting resiills have been oblained by the bom- 
bardment of atomic miclci, by suitably aci-elemtcd 
Iirojectiles. I have alr(*ady meiifioned before the 
production of neufrons from the light elements by 
the bombardment of u-particles. Results of great 
signifu'ance were obtained as soon as these particles 
were used by workers in nuclear iihysics. fn eiiri- 
ous contrast with tlie swiftly moving u-particles and 
the artilii’ially accelcrat4*d proton .streams, and other 
corpuscular rays, the capacity of the neutron to 
produce artificial transformations increases, in most, 
ease.s, wilh the dimimition of its velocity. Doubtless 
this is connected with the fact that its siimll velocity 
enabh‘S the ])article to stay longer in the immediate 
neighbourhood of the nucleus and thus to bring 
:ibout more far-reaching changes. 

Induced Radioactivity 

It has been I'stablished by the work of Kermi 
and other members of the Italian school that a few 
collision of neutrons with hydrogen nuclei (])re.scnt 
in cither a free or a combined slate) ari^ suflieient 
to establish a sort of thermal ei|uilibrium, so that 
the neutrons on tlic average attain, after a few 
<‘ollisions, the avi'rage velocity of liydrogen particles 
at room-temperatnre. Whereas the transmutation 
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of olf'ilUMits t<» sfahip viinf‘ti(*s of otli(*r oioiiioiits hml 
been provioiisly iiolirt'd or coiijiM'tiinMl, diiriiiir tlio 
boiiib:ir(bii(‘iif. by or protons, t^irio and 

J(»liot. disrovnn d in (li.-it iinsl.dilr and iiitliorto 

unknown is<»loprs of olniHMils ar(» prodii(M>d by 
tin* bond):ii'dnii‘nt. of li^lif iinclci with ^i-par(i(‘lns. 
Tlioso nnstablo nnch*i siibsoiinontly broak up in tho 
saino wiiy as ordinary radioaclivi* flninonls, and 
pii(Mioinnna of indiirisl radioactivity arc found to 
obey the same laws, and decay in the same <*harac- 
t(*ristic way as the natural activities of the wt*II- 
knowii radio-<'lcments. ’I'iie identity of tin‘se artili- 
rial bodi<‘s <>an also b<* often cstablish(‘d by purely 
eiminical nietlmds. In tlieir piom'cr work (^irie 
and doiiot discovered that unstable isotopes of 
nitrogen, sili(‘on, and pho^phonts an* forimsi by 
the bombardment of He, Al, and M<^ : these how- 
€»ver emit, cnrion>ly cnniinh, positive r>lectroiis 
thoiifrli the plK'iiomeiia of disinteiiiration proc(>(‘ds 
likii the familiar !• r.iy disintejLyratioii f)f radio* 
active <‘Ieincnts. 'IMie discovery that m‘W radio- 
tictive eh*im*nts can be prodm'cd In* artilicial 
transiiiiitation has ;^iven a treimaidons impetus to 
the stiiily of tin' mich'ar reactions. 'Flie task of 
following; such unclear chanii<*s is a very much 
easier one, as sensitive physical apparatus lik<* 
tlic (Jei^er Coimter can be ntili/ed to detect and 
nH'asiire Mich cliaiijies. '^riiis pioneer work <if ( ’nri<* 
and i-btliot has been yfivatly exlemhsl by Kernii 
and other worki rs in Italy. They have «ibserv<Ml 
that slow-movin;f neutrons are in nio^l cases ipiitc 
ettective in prodiicine; similar changes and of 
tfeneratiny; radioactive isotop(>s. Iv\t<'nsivc work 
in this line’ has been doin» and a lai’y;c number of 
new radi<»active atoms have b(M*n di-'Coveri'd. ^riicse 
however almost always emit, /'-jiart ides, /./*., ordi' 
nary nenrative electrons insteail of positrons. 

Deuleron-- the Isotope of Hydrogen 

W ith th(* discovery ol dentcroiis, the isotope of 
liy<lrogen, a in‘w kind ol corpuscle has been 
utilized tor bombardnamt of atomic nuclei. Acce- 
lerated dentel’on streams have been iit.ili/(‘d b(»th 
in Kngland and America ami they have prov<*d 
very iniicdi more ellcctive as agents bn* transmiii- 


atioii than the origimd proton rays of Cookoroft 
and Walton. Rombanlment by deiiterons also pro- 
dina*.s radioactive* bodies and this method has 
lu'eii increasingly used in rei'ciit times to study 
the phenomena of iiidneed radioa<*tivity. The 
earlim* methods of production of new radi<ia<*tive 
bodies had to iitili/e a natural radioaedive source 
bn* the supply of the suitable bombarding agents ; 
this had iiee(>ssarily limitr‘d the amount of the yiedd 
ev<*n when the process i>f canalization was utilized 
for diminishing the velocity of the m*iitrons and 
thereby to bring about an enormous increase of out- 
put. '^riie yield of radioaetivi* sliifl* by the boni- 
bardimait of deiiterons has heeii naturally very 
imieh greater. For example, in a tlay’s exposure 
a yield of radioaelivi* isotope of sodium has 
been r(‘p«>rted to have been obtained by Ijiviiigs- 
tone whose activity eijiials that of 1 gramme of 
railiiim. I)(‘iitc‘ron bombardment lias lluM'ebin* a 
great future both in the therapeutical application 
cd‘ ra<lio.*ictivity to medical research as well as 
in the inv(*stigalion of nuclear iiroblems. 

Whereas bombardimait of eorpiiseles has b(*en 
almost always utilized for producing nneleai* 
changes, results similar to plmto ionization hav<' 
been oblaincil by ( Miadwiek and (loldhabca*. Hy 
utilizing bard r-radiation from Th(5 th<‘se inves- 
tigators have been abb* to il(*eompnsc‘ tin* hydro- 
gi*n isotope into luMitron and proton, 'riie liberated 
neutron can be detected by its ability to prodii<*e 
indiieeil railioaetivily in suitable ehanenls, or by 
a i)ropej*ly eondni*tc‘d ionization miMsun'imait. liy 
hard .\ rays emitf«‘d in lubes rim at more than l.o 
million vidt'^ pressures, tin* work^Ts in lk‘rlin have 
been able to eject niMitron streams Innn beryllium, 
whose pre.MMiee. has been similarly demonstrated by 
the generation of radio-iodine in ethyl iodide. These 
prelimiiiai'y results have great theoi*eti<*al signilieanee; 
(Miadwii’k has be(*n able from a IcMitativc* det(*rmina- 
ti*»n of tin? thresli-liohl value of the freqneiu*y 
of tlie >'-rays m*eessary to deetmipose deiiterons, 
the mass of llie neutron as well as (Ik* strength of 
the binding of (lie twn fundamental particles. 

Conclusion 

III this lecture I have altc?mpted to give a rapid 
review of the principal results obtained in tlie field 


SCIENCE & 
GIM.TURE 


478 



RECENT PROGRESS IN NUCLEAR PHYSICS 

of iiiu'loar pliysic-H in iiinrs. F shall cniifhidi* 

iny iMMiiarks by two nMiiarkablc rosiills 

that liavt* obtaiia'd by th<* boiiibanlinont of 

thorinni and uriiiiiiiin, the two li(*avi(‘st of tlio 
elements with neiitroiis. I have alivady <ibserved 
that the prodiu'tion <»!’ ix^w rjidioa<*t.iv<* botlitvs eoidd, 
ill many eases, be proved by ehciiiical methods ; this 
serves at the saiiu' time to delt'rmim' th(‘ (‘laanii'al 
properties of the new snbstama*, and its position in 
the periodic table. IFy tlir^ Ijoin bard men t of lira- 
niiiin, IVrmi ori^riiially reported tlx* prodiietion of 
new /tr.iy emitting cleaxMits wleise <*hemieal belia- 
vioiir seems to point to their positions lieyoixl iira- 
iiiiiin itsi‘lf in the ^leixleljielV’s talife. 'riiis has 
been eorroboraled by Meilix‘i'. Aeeordiii^ to iheM? 
workers the table of eleiixaits is artilieially extended 
by this process beyond nraninni itself -aeeorilin^ 
to tlx* scheme 


:t a j 

- •' li 

>1’,, ^ .>Kka 

2 a ji 

l. »a 

Kheiiiiim 


a a «.( 

2 a ;• 


> ' k]ka Osii4 

I'dva Ify.., 


a truly naiiarkable result. 

liy a study of tlx' pro<hx*t of tlx‘ disiiit('jL*:ratioii of 
thorium by ixMitroii bombardnxait < 'nri<' has estab- 
lished the existeiiei* of a new series of radioaetive 
eleiixMits whose mass numbers are in the form \it i- I. 
'This analo;''oiis series of I'adioaetive bodies is not 
known in nature, and its disi-ov<'ry ean Im* rejrardeil 
as eompletinji onr ide.-is «d' radioaetiv«‘ ilisinte^ra- 
tion of Ix'avy elemeiils. 


Tt will be evident from what F have, reported 
above that (Miormous experimental niatiM’ials have 
aeeinmilat(‘d in tlx* Held of nix-lear physics within 
re<*ent years. Siillieitait m:iteriais are m»w available 
for the theoretical physicists to speculate about the 
proee'^s <)f atimi-bnildim; from olomenlary |»artiel(‘S, 
and the pn‘liminary work in this diria'tion has already 
bejifiiii. 'Die liciiti'on and the pr«*fon seem (o be the 
two exi-lii-i\a* eon-titm-nt^ of all atomic mx*lei. 
^rix* x-pMrtielcs ran tln-msi-lvrs bi* looked upon as 
<‘omp(»sii«‘ bodies, Imilt up ajiain from neutrons and 
protons. 

^rhMini;|i thr idea of tin* elemriitary atom has 
iinderjiJ'ix* revolutionary 4‘lianu:es in n'cent y«*ar.s. in 
a certain way tlx* prin^iia'^v. aehi(‘ved has bei*n satis- 
laetory, as it ha" simpliliial the number of ultimate 
and fundamental particle-. ti» only two, inst(*ad of 
tlx* trj element" of tlx- oldei* aloinie ihony. '^rhis 
i<l<‘a of tlx* <*\oliition 4»f the tnalerial worhl from 
e<Mnparativ«‘ly b*w primonlial slnlV^ i" not however 
new. Here, as in othei* iields nf ph\sie<, «)ld iih'as 
have returned. reix»val4*d in a new o-.nb and clothed 
with inon* sij^nitij-aixa*. Tlx* (|nan(um tlx*4*ry of 
photons has' to a certain e\t(*nt r(‘suseitat(*d tlx* an- 
«*ient <*oi’pnsetdar theory of .\ewton. The recent ile- 
vi'lopments of the nix hMi* |»h,\"ie" have* bntii&rht 
back tlx* old Hroiitian hypothesis, id' (he evolution 
of all elenx'nt" from one or ratlxn* tw(» primordial 
stnll’s tlx* proton and tlx* neiilmn.* 


* IX lixeml .i.s llic* Aillnii i ?i;nii|i :i AIriii"ii;il I.eeliirc 
,'U ihe e.'ileiilta riiixi isilv Sui-iiee L‘«illi*j^e mi the 21st 
Deeriiilier I'Lxli. 
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It has always Um-ii n.*cntriii/.f?(l that villaj;(*s are 
the fiindaiiieiitiil soeial units of an airniMilinral 
country like rndia. Onr attempts at t he reeoiistriio 
tioii of society, economic, som'al, and political re- 
forms, niiist therefore be based on a scieiititie 
knowl<*d|j;e of the strm*tnre and oriraiiixatioii of our 
villat^es and the reality of villaj^e life. 'Hie object 
of this ]>aper would be t^i sujrj^i'st a metluKl of 
irwjiiiry into these (piestions. 

A soeial unit has an internal ori^ani/ation and 
striieture. It is also n>lated t«» other soeial iiiiits, so 
as to int(>irr:ite into hi^h(*r and larger units. Both 
these orfj:ani/.ations — internal ami ‘external are 
supported by what may be railed soeial fore<‘s of 
eolicsioii. Objeetively, tlu'se fore<*s are manifest in 
a number of eust<ims ami institutions. And soeial 
iriteii:rily and eohesion are maintained by the obsc*r- 
vaiice of so<‘iaily approved ty|)es of conduct by 
every individual menilxM' of the society. Soeial 
cohesion therefon* depends on iiidiviilual eimforiiiity 
and those psycholojrical fa<‘tors in the individual 
which produce this conformity. 

It is possible tf) form a theoretical estimate of 
those ffirees hy a study of individual ami soeial 
p.syeholo«:y. Ihit bn* onr purpose it will be better 
to coniiiir* onr iiifpiiry to the institutions :ind customs 
which leml tlannselves to a more ilireet <»bservation 
and an objective study. If iiece.ssary, it will hr 
possible to d<>dm‘e the psychological element behind 
soeial condiK't from the study of conduct itself. 

Then* is one thiiijr, how<*ver, which must always 
be remembered. This is the part played by fmdi- 
tion in each one of onr ensttniis ami institutions. It 
is this wliich )j;ives a p(‘enli:ir saerediiess and a eom- 
pnlsive force to soeial customs. And no study of 
society at the i)resent day can afford to iyiion? the 
baek{rrmiiid of tradition. 

Wo want to arrivi* at a general idea f)f the struc- 
ture and life of onr villajjo societies. This ^ciHiniliz- 


ation can hi*, obtained only by a comparison and 
collation of results obtained in different villa{;es. 

I'lie tnethod of comparison must however ditrer 
from some of the usual (‘omparative methods of 
socioloj^y which split up cidtiire into its various 
elements and then proceed to draw a conifiarisoii 
between similar eh*ments from different fields (»f 
observatir)ii, isolatiiif; them from the rest of their cul- 
tures. For (uir piirpost* we must examine tin* whole 
<‘nltiire and life of each individiial villaj;re and the 
ifiiestionof inter-n*l.*ition b(*tw(‘en its differc'iit aspects, 
and it is only after we have dom; tliis that wc can 
proceisl to :i eomparismi between different vilhif;<*s. 
For what W(* are seeking ti» km»w is a village in 
the wliolenc*ss of its soeial lifi*. 

In exaiiiininir the internal stnietnre of a villajr<'» 
wo shall probably Hml fm*ces which support its 
unity - and possibly oilier forces that jxo contrary to 
this by setting np loyalties to oth(*r units and orga- 
nizations lik<* caste*, eonniiiinity or eeoiiomie* classes. 

Ill examining tin* integration of villages iiitfi 
f»ther units, we have* to take neconiit of those eom- 
iiiiiiiitie*s of villaj^e'S which are associatc*(i teij^either 
by e*eononiie* ami }i:em*alo«rie*al ties ami possibly by 
the* iiieielents <if le>c:il history. Wc may a^ain tinel 
that semie* of these inte*};rative; f<»n*es, while* the*y 
build bijr^er social units, regally iindermino the* unity 
ami so<*ial aiilheirity of the component village units 
by piae-iiijr the*m ols(*wliere;. Onr stmly must tliere- 
fore; e.xaniiiie* the c'epiilibrinm anel bahiiie*e of these 
contending fe)re;(*s. 

Onr (Central theune will then be the* organization 
ami si<rniHcane;e* of village* units ami their relatieiii 
with similar units. But other iiiterestiny: things will 
come* the way eif the* observer — the problems of spe- 
cial classe's, the pe*i*nliar enstemis of varieiiis ca.stc.s, 
and so on. Their interest must however be snbor- 
dinatffd to the jireneral preiblom of the* inquiry and 
they must be oxamined so as to answer this (picstion 
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— How far do tlioy support ihv unity ami reality of 
vilTaf^o life? 

The primary inquiry in villaji** I'cnlres will have 
1(» he earned out hy a iinmhcr of cih-'ervers. 'I'hc* 
best peoph; to do this will he nniversily stndeiils, 
who eoiild do it at. their own villa^en during a hmjx 
va(‘a(ioii. 

The main (ineMioiis they will hav(‘ to deal with 
are outlined helow. Ihit it is hy no m(‘aiis an 
exhaustive summary. Many other questions will 
sne:ji;est themselves and may h(f ad<Ied to the list, so 
lonjr as they an* within the y;( neral framew<»rk of 
the inquiry. 

An important priOiminary to the iminiry into 
present (M)nditions will In* a short snnmiary <if the 
loeal history. This is not heeaiise we are thinkinjL; 
of tryinjr to tra<'e tin* evointion of soeial eii-jtoms, 
hilt Ix'eanse it will h(‘lp ns to nmhn'stand the forces 
of tradition that inllmmef* the villagers at the 
present day. Formal history of events will he h*ss 
inq)ortant than the history of tin* more important 
families of tin* viila^<* and of iv'li^ions instilnlions 
and endowments. < )n the otliei* hand, all tin* tradi- 
tions and stories ahoiit vilIajL!:<*r.s who havi* lived 
in the past traditions wliieh still seem to he sijrni- 
lieant to the villajirers themselves - even if in»l truly 
historiral, will he inquirtant. It will aUo lx* in*eess;iry 
to y:iv<* an aeeonnt of the villa^ie’s past alliiiation to 
administrative and reveime unit-, old zemindaries 
and per^ra nails, and so on. 

(^imiii;^ to tin* villam* as It is in tin- present, tin* 
first qm stion that arises is how far the villajre is a 
territorial unit. It will he intc’resliniLj: to see wliether 
the village* has any homularies that are ^em-rally 
reeoiijiii/ed ami Imw and when tln*se hoiiiidaries wer<* 
fixed and whether the hoiimlarles an* piin-ly arli- 
ti(‘ial or (‘orrespomi to local topo;r|-:i|i|ii<>;il features 
like rivers, eanals, ri»ads, or lorests, or «'ven promi- 
nent and old trei's. 'fhe P*rritorial features inside 
tin* village houndary l»uve next to he examined and 
the question how homesteads and a]j:ri<Miltnral lamU 
are distrihnted relatively t«i each tiilier. '^fliere an* 
several imssihle types. In some villajres it will he 
found that eaeli homestead has its adjoining: agri- 


cultural hinds. Ill others the homestoads will 
cluster round one part of tin* villa;;e and there will 
he a<;rieiiltural lands elsewhere. In some otln*rs the 
lioiiu'steads will have atlaehed hort ieiilt ural plots 
while the a^rienltural lands will he els(*wliere. Tlie 
next question will lie the situation t*f various special 
plae(‘s that ari* im|)()rtant foi- the villa;j(‘ life — the 
villa*j[e market, tin* temple and tin* mosqin*, the eri*- 
malion ground and the Imrial tjronnd. the villaf^e 
play-}ironnd, if any, the emmiion jia-tiire and fallow 
land-^, tin* villa^;*- selnml, and ^o mi. 'file next ques- 
tion will h(> that of the territorial di.-lrihntioii of the 
various eastes and eomimniities in the villai;e, whe- 
ther any of them ot'cnpy any ildinite and separate 
ar(‘a within tin* vilhiLre. 'fin* 4MHi-;titntion of the 
snh'divisions of the villa*::e, tin* hamh*t'< [ymllis) and 
the siifiiilieanee of llm names o-iven to them — they 
are very ofl«*M iiann-d after a parlieidar eommnnity 
(»r ea.st(‘ wilMiave to he examined, 'fln^n* will bo 
other ])laees important for tin* enmininial iile of (lie 
villajre tanks when* people <*ome t«) bathe and talk, 
tn*e.s nmh*r whii'h tin*)* sit toi;ether, villaire halls 
when? eommnnal worships ai*e hehl (Hunrari^ 
trees which have vilhi'^^i* deiti(*s attached 
to them, :iinl so on. 

'flic in*xl aspect of the l<*rrili*rial ory:ani/atioii 
will hi* the land .system whether any of tin* villa^t*rs 
hold or cultivate lainl onlside the villaiLje area and 
eorre.spoinlinjxly wlietlnr any Irom oiilsidi* the 
village hold and enitivate land inside the village 
hoiimlary. ^I’he plaees ol resideiiee ol the locid 
landlords (/.emindar.s and important jotedar.s) and 
the sitnation of eolleetion ei'iitres (/, /r/eZ/e/'/es and 
lnhsils) and their disi.-mee Irom lh«* village will 
al.so he important. .\ll ihi.s will illiislrale the terri- 
lorial ory:ani/,:ilion of tin* villatre and ean best be 
deserih(‘d hy a skeli-h map. An aeeonnt will idso 
have to he Lnveii of the means of eommnnieatioii 
to and from tin* villa.i^e, and (he plai’cs with which 
it is .so eoimeeted. 

'file next qne>tion will he tin* jj^eiiealo^iral rela- 
tions within the villau;e and its connexions with 
other villa»!:<*s. 'fliis will mean an examination of 
the relations hy blood and marriaii:e hetweim the 
diireri'iit families in tin* villaLie and how far tlic?ir 
marriage ties have (*xtended beyond the? viliii^O 
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itsolf. There will possibly be families which have 
emij^rated to the villaj;«f from som(*wIicjre else and 
have tniditions of this emigration. Tt will lx? neces- 
'"flary to see how they have clone in the way of ostab- 
lishiiig relations by marriage with other villa(i:ei*s 
or wh(?thcr they persist in their relations with 
their old homes, ft may also b<? found that a 
number of families relatecl t«) (‘aeh other or of the 
same caste? have enii^rat(*d to the villai^e from some- 
where else and have restri(?ted th(?ir marriajje rela- 
tions within tln‘ small jjronp. Tlu‘y will thus 
have preserved the iihaitity of their siib-coinnui- 
nity within the village commimity. 

Having thus obtaiix'd the territorial and jrenea- 
logieal constitution of the villatje, we shall nc‘xt have 
to SCO in what forms the villajj:(? expresses its eor- 
porate unity of life, (.’omiminal worships (/A//- 
truri piijuhs), fairs and reliuiioiis festivals 

where all the villajcers join, villaj^e athlefie eliibs 
and amateur dramatie societies, will all ^ive an 
indic?ution. It should be r<‘in<Mnlx‘r<?d that the 
c*or|)orat(‘ life of a s«K*ial trroiip as a jironi) very 
often lies dormant and without ti conerete expres- 
sion cxcejd on sp(?eial oecasions. I'hese may be 
social fiinetions or a time of crisis and danger for 
the whole? jrrroiip. These occasions should thcr(‘f(»re 
be investij^ated and described. Someliines it will 
be found that tlx? whole eommnnity is ititerested in 
and makes cronimon cause of an occasion which 
directly atlects only an indivicliial or a siii^h? family. 
Crises in an individual life, like birth, marriage, and 
death, draw in all the members of liis family and 
to a eertain extent tlx? nx?inbcr.s of Iary:cr 
and the ceremonies or tlx? ritrs dc jxtssnffr., as 
they have been (railed, reflect the solidarity of the 
group. This will be? more i)articiilarly the case when 
the family in (iix?stioii is that of tlx> landlord (»r 
some other imp(»rtaiit i»erson. In many cas(vs it 
will be found that tlx? cxiircssions of village 
dnrity takes the form of rivalry with a neighbouring 
village — as in village sports or boat races in rivcTiiie 
districts. Crises of co-opcTation in corporate? acti- 
vities with other villages may also bo found. 

Kvidonce of the corporate entity of a village may 
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also be found In the mechanism of social and judi- 
cial arbitration. Where councils of villiige ciders or 
Paitr.lmyets exist this will be quite obvious. But 
it will be necessary to see on what principle those 
conncils are (constituted and what kind of disputes 
tlx'y are called upon to settle. The (Councils may 
be permanent bodi(3s comprising of men chosen for 
their r(?spect(iblUty or rank or age, or they may be 
ml Itor bodies coming into b(?ing when each indivi- 
dual dispute arises. In this case they iixiy cither 
be chosen by the partu*s to the dispute itself or by 
a consensus of opinion of all villagei*s. Their fiiix?- 
tioii may also vary to a considerable extent- they 
may bo r(?strict(?d to purely social (]nestioiis like the 
propriety of marriag(‘s or the breaking of a food 
t:ib(X), or their fiinctum may extend t(» the d(*clsioii 
of (lis)xites about money and property, sid>j(*cts 
which also come within the iiirisdieiion of formal 
cMMirts of law. It will be? iie(?essary to find (xit if 
arbitration within the village is ;it all an important 
thing at the pirsent day. 

'rixMi again, it may be found that the nx'ehanism 
of arbitration is closely conix?eted with tlx? (•ast(? 
organization. It will possibly be hxiixl that some of 
the oast(*s — ('specially those which an? snpposc'd to b(? 
lower down in the scale? of caste hierarchy — have 
th<;ir own cast(? f}ftnr/ttiyels. It will again be 
n(*('.(*ssary to sec how far th(?se are i>erman(*nt (U*ga- 
nizations or ml lufC bodiivs and what sort of (lues- 
tions they are ask(?d to s(?ttle — alstj whether the caste 
oiganization is n'strieted to tlx? one village or take's 
ill iiiembers of tlx? saiix? caste from other neighbour- 
ing villages :ilso. Wlx?ro then* an? both a caste* 
council and a village exMiiicil it will be ix'cessary 
to see what the relation b(?twe'eii tlx? two is and 
wlx'tlx'r the (.?aste organization has in any way a 
subonlinate authority to the village eoimcil. 

In some e;ases no council or jHinrhayet will be 
found but one or two individiinls who, by geix'ral 
agrei.'inont, have? bc?e?n give*n a certain amount of 
social and judicial authority. It may be the local 
landlord or his agent, or the village Mfindal or 
some village elder. It will again be? intere^sting to 
note? the principle of sele?etion and the extent of 
authority, especially about the position of the 
village Maiidal, and whether the office is hereditary, 
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or elective, or based on apixniittnent by the latidhird, 
and yf\\i\t other funotions the Mandal combines. 

In this eonne.xioii it will be useful to examine 
the position of the statutory I'nion Hoaixls or village 
ptwvhmjeis and to see how far the basic idea of the 
Village Solf-Governmont Acts, that is, tlu! revival of 
village authorities, has been sueeessful in its actual 
working. We shall have to see if the Uiihm lioard 
plays any large part in the corporate life of the 
villages and if many disputes are referred to the 
Union Courts and ISeiK'hes. Also another thing, it 
is possible that the reeeiit national istie iiiovcnients 
have given an impetus to tin; formation of aiith(»ri> 
tative bodies in the villages. I remember that 
during the first days of the Non-co-ofieration Move- 
meni a powerful organisation baseil on easte-/7//m- 
Irisi or the tliirty-six eastes, as it was ealhul, was 
formed in various parts of the Malda district, and 
this organisation went t^i the length <if (Miiitrolling 
the |»ric<?s of coiiuiiodities sold in the markets. 

About dillcreiit east(*s and their <‘Ustoms, tiunigh 
interesting, the orgaiii/iatiou of individual castes is 
not really very reli?vaiit to the ciMitral subject i»f 
our iiujiiiry cxc<'pt in so far as its relation with the 
organization of tlu! whole villag<‘ goes, ft may 
however start th(< observer on another and a very 
fruitful subject of investigation. If he does so, it 
will be best for him to c-online his attentbni to a 
particular cast** in one village and <*xa?nine the 
whole of its customs and organization and not to go 
ill for a <*om|jarative <»r historical method. In other 
words, he must do for thcf particular caste what he 
is doing for tlu? entire village. Ihit if there is in the 
village a community belonging to an abm-igiiial 
tribe like ibe Saiitals, Oraoiis, or Mundas, as tliere 
is ill some [larts of North and West Ueiigal or other 
comiiiuiiities who have emigrated from North-west 
India, it will be necessary to see in detail how far 
these people have assimilated the culture of the 
village community and share the corporate life of 
the village. 

The same remark applies to the iiiiestioii of reli- 
gious (*oiniminilics. While on the one hand we iu‘ed 
not go at any great length into (he details of their 
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mode of life, at the same time we must go into the 
question of their inter-relations, their co-opei*atioii 
and coiiiliet. The observer must here be very care- 
ful, for it will be very <'asy to l)e carried away from 
a strict scieiititic method by any possible eommuual 
bias. But it is neeess;iry that we must go into 
any possil)i(> reality that may exist in village, life 
behind what is calhxl th(‘ coinmunal ))robIem, and an 
account must lie given of both of the positive side 
of co-operation and tlu* iicgalivr sidi* of conflict. 
It will probably be found that llindns and Miiham- 
iiicdans still obscrv(‘ some so»-ial and religious 
ceremonies together and join in festivals. It will 
not be impossible to liiid a llimln promising an oiVer- 
ing to a Miibammedan slirim? or a Mnliammedaii 
promising a similar olVering to a Hindu t<'mph* or 
deity. Ti) givi; a concrete exaniph* from (Viiiral 
DiiiajiMir, I found a village with an exidiisivcly 
Muhammedan population. But the villagi? as a 
eommiinity had a gift of rent-free lands endowed in 
the nanu? of a Hindu deity. An old stone image of 
Vishnu W'as to he seiai in tlu; outskirts of the village 
near an old lank. The Muhammedaii poimlatioii 
looked after this phu‘i‘ and »)iu*(‘ every year called a 
Brahmin priest for the worship of (lie image and paid 
for it from the income of the rent-free lands. In some 
of the neigliluMiriiig villages 1 very often found a 
Hindu Maiidal or family in charge of rent-free lands 
or “PirpaP* emhiwed to a Mnhammedan shrine. In 
another village; I foinul reiil-frei' lands allotted to 
the de'ieendanls of a Miihammedan mason, who had 
worked on a Vishnn temple founded by tlu* Maha- 
rajah of Dinajpur iihont .’{oO years ago. Pacts simi- 
lar to these*, whe n; observed, will be; interesting and 
iiiiporLaiit. 'Hu*re will again be soiiu* village* eiis- 
lemis anel *M.*re*meniie*.s-— nmstly e«»niu*e-tetl Avitli agricul- 
ture and harve;st and assoeiatexl or iu>t with religious 
beliefs- which are ob.serveel e ipially by Hindus and 
Muliamiuedaiis, it may be* with slight variation iti 
dekiils. All ove*r the iieirlh eif Dinajpiir district, for 
example*, I found a eiisleMu, e'eiinnioii to 1 liiidiis and 
Muhamme*dans, of tying a hanaiia Ie*at round fruit 
trees e>ii I/iksluni Pujah day feu* increasing lertility. 
While facts like tlux; are? impeu'tant. it will be iicec.s- 
sary, on the; otluT hand, to examiiu* tlu* concrete 
cases e)f communal eamfliet that have ariseui in the 
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vilisigc (lurin': rooont ycnrs, snid to stH* wlujtlior tliorc; 
WJis niiy tliiii*: in tin? or«:iiniz;ition of tho vill.-itro itsolf 
which was ivsiunisihlc for those oonfliots or wliothor 
they wore iliu* to oniisos oxtornnl to tlio villa*:** itself, 
[t is only after (‘xaininin^ (|U(*stions lik*.* these that 
W(^ shall b(; able to understand tin* true iialnre of 
that (M)iiininnal (jiie^tion \vhi<'h has beeonie siieli a 
hirj^c issue in (»ur national lib*. 

Tlien* will br* anothr*r (*onnnnnity, whieh will 
possibly recjiiirc! In vestijLCat ion in some detail : the 
Christian eonverts, where tli(*y are found. The nmst 
relevant point will bo t«> sc*»» how far their c*oiiv*‘r- 
sion has reinov(‘d them from the frainowork <»f the 
villa;:e or;:ani/.ation an:! how far their lib* is poeii' 
liarly their own. 

We must now pass to another lar^jo aspect t»f 
the villaj;(* ory:ani/ati(ni -the <'eonomIe asp<*et. Tin* 
i|)oints that must bo notieed an* those: How far tin* 
villa^iM'an b(* ealled a self-*Mmtainod (oonomie unit, 
whether it dep(*nds on any noiM;|tbtMirin.u: villaj;e for 
any sp(*eiai elass of eommoditios or (‘rafts and on the 
otiier hand whether tin* villa^r* iiiidor iminiry supplies 
the neighbouring villages with any sp<*oial eoinmodi- 
ti(*s or erafUm(‘ii, how noi«»iibouriny: villages are or- 
^aiii/.ed as a eominnnity throii;:h (‘hains of market or 
hats and whet h<*r the dillerent eas((*s iti the village 
still have delinite professions or trades attaehod t(» 
tliem. .\part frmn the int(*rohan^o (d‘ eommoditi<*s 
between nei;»hbonrin«: villa;:»'.s, it will also lx* ne- 
e(*ssary to see if then* is any interehan;;e of j;oo<Is 
with more distant ]»arts. in many of tin* Xorih lleii^al 
distri(*ts, esp(*eially ix'ar tlie I'ailma. it will bo found 
that trad<*rs from I'pper India visit tin* vill.M<xos in 
boats, briiiir stoiio-waro, and take ba**l\ pad*ly or othf*r 
a;:rienltnr;d iirodnets. In .some i'^ast ]ioii;r:il villages 


slm'dar iiitorchaiigo will bo found between local 
produce and limn from Sylbet in Assam. lu some 
parts again it will b(i found that people from distant 
districts hav(! d(»ttlcd in tlie village* and track? in par- 
ticular eoiniiioditics. [ii a snr.dl island o(V Cox’s Ba- 
Z!ir ill Chittagong 1 found a biirly hu’ge? ])opnhition 
w}ii(‘h had einigrat(*d from the di.strict of Nadia and 
was the exclusive grower of betel leav(*s. .\ similar 
emigrant population from Nadia was found in a vil- 
lage ill the interior of Bangpur district, l^hey 
trad(‘d in eoiieh-shells and <M>neb -bangles. IVoplo 
from Ciiteh have now been residing in tin; interior of 
ii ingpiir district and arc* d(*aler.s in tobacco. Itener- 
ant traders and emigrants like these bring a number 
of social inihienccK into the village community, which 
reiinire examination. On the oth(*r hand, it will be 
neee.ss;iry to know how many i>eople from the village 
have moved elsewhere for lindiiig work, whether they 
have taken their famili(?s with them and what sort of 
relation they eontinno to maintain with their old vil- 
lage homes. 

<inestions like* these may be multiplied. But 
it is jm|)o.ssibh? to (h*al in this p:ipcr witli all tlx? 
asp(»ets of village sociology tliat can and should be 
examiiK'd. But the points eniimerat(‘d above will 
probably give an indieation of tlx* general seopc* and 
nature of tlx* propos(*d iminiry. Apart from liis own 
observations, the wi)rk(*r m.ay very well draw upon 
villagi* r(‘<‘ords that he may liiid with the Maiidal of 
the village or the loeal landlord. He will proliably 
also lind tlx* reeord and statistics of Settlement 
<»perati*Mis helpful to him. The workers niiist try to 
give as full an aeeoiint as they eaii of their villages 
as a **orporate social unit and their relation with 
similar units in tlx* neighbourhood. And the lat**!' 
comparison and th(*oretieal work have to b(* based 
on their a(*(‘onnts. 


SCIENCE ft 
CULTUR £ 


484 



Lignin 


P. B. Sartor 

Profeasor of Chomliitryf VidjUAcar Collofco. (;aleutta. 

Hruher in his treatise on eelluloae says, “If the 
eonstitiitioiiiil formula of eelliiloso were known, the 
eliemistry of eelliilose eoiihl bo written in a few 
sentences”. Tlie same is eciiially true in the case of 
lignin. Scientific investigation on lignin began a 
ceijtiiry back, witli Payen — a Krenchinan, in the year 
18.‘iS, /.c., only 10 years after Wolilcr’s syntliesis of 
urea, or one might say, the birtli of organic clnMiiis- 
try. Since thc»n nearly 400 chemists have ong:ige<l 
themselves to eliici<late its nature from dilterent 
|M»ints of view. As a result, we are in fiossession 
today of a large vf>liiiii(' (»f experimental facts which 
an* iis diffa'idt to co-rclate as to discanl. The struc- 
tural formida of lignin remains as shnxidcd in 
mystery as <‘v»‘r. Wo all know what w<m<lcrfid and 
rapid progress oi*gani(* eliemistry has made siiici^ 
JS‘JS, but niifortmiately lignin chc.mists have been 
aiile to |)roc<*cd only a few short st(*ps towards their 
iiiial goal. Oiir present >day kimwledge of lignin, to 
speak tile truth, really <Mmsists of a large iinmb(*r 
of expt'rimeiital observations only, some of them 
ipiite contradictory, many of flicm very peculiar, anil 
not a few cxtrciiicly dillicidt to lit into any foniiula. 
I shall deal here only with those facts which throw 
or tend to throw any light on its constitution. A 
very apprc(*iabl(* number of tiiem, it will be found, 
liave serveil to c^onfiisc* issue.s rather than clarify 
them. 

The word “lignin” is derived from the Latin 
“liginiin” which means wood. This is because it is 
a common con.stitiiient of all kinds of wood. The 
per(!entiige howc^viT varies b(?twe<ai wide limits — from 
15 to 30%. Tlii.s is an organic component of the cell 
wall — its function is to iiuTea.so the strength of the 
wall. At one time it was defined a.s the iioii-poly- 
saccharklic portion of the cell wall but tliis has been 


ehallenged by some investigators. Some workers 
tried to ditt'ereiitiate it as I lie aromatic portion of 
the wood blit others advanced ciinlradietory views 
and it was dropped. The attempts to deiiiio lignin 
by colour reactions have proved fiitih* — they are too 
many and none can be explained ehemieally. More- 
over, no sample of isolated lignin has yet been found 
to give any of tile ei>hnir n*a«*tioiis. Asa matter uf 
fact, evi*n after 100 years of roeareh, we cannot 
give a sharp clcan-ciit ilefinititni of what we actually 
mean by lignin. We hav«* no eriti'rion of purity 
of lignin. It has no melting fioint. Hut it i.s a fact 
that when we can defim* a thing correctly,. we know 
practically all about it. We can di^tiiie it in a nega- 
tive way lignin is not. i‘i*lliiIos(‘, neither it is fatty 
or rcsiinms matter, nor like pectin. 

Ill wood and vegetable lilires (exe(‘pt, of course, 
cotton, which is practically pure eelliilose), the 
principal portion is cellulose being about f)0?», 
next comes lignin. Then w«* have small amounts of 
fatty and resinous matter, nioi.stiire, pectin, .some 
inorganic salts and als») some protein niatfi'rs. All 
tlie.se together make woinl. (irass I'rei'd from lignin 
— or delignilied gives [laper pulp ; .so does bamboo. 
In making artificial silk, woody niafter lias to be 
deligiiificd. In the |ireparation of laiiiior varni-shes 
as well, lignin lias to be removed before nitration or 
acetylation. Thus we .s(‘e, in industry we arc more 
concerned witli tlu^ removal of lignin — it is an uii- 
<lcsirable body. 

There is dilVcreiice of opinion regarding the .state 
in which lignin occurs in ligno-cclliilo.scs. Accoixl- 
ing to liaiige (/. Plftfsio/, ('hem, II, 15, 1889), 
lignin exists in chemical combination with cellulose 
and the linkage is of an ester type. I loppe-Seyler 
regards it as an ether. Jii any case, the only reac- 
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tivc groups in colliiloso aro th(» OIT wliicb are siipiios- 
ed to t:ikn part in tho (u)nibination. FFc* rciganis 
the oiTiipatioii of tin* OH groups in rrlliiloso by 
iignin tbroiigli <‘oiiibin:ition, tin* oxporiniriital ovi' 
denco so far pat fortli is not conviiu'ing. Sen and co- 
workcrs acrtylabMl wator hyacinth oxliaustivo'y but 
only two Oil groups out of three in the cellulose unit 
could thus bf* a<*<‘tylated. Fl is sai<l that the third is 
ocetipied in e.oiubiuation with lignin. After removing 
lignin, the third Oil can lx* easily aeetylated but not 
before. Hut aeenrding to Kiiehs and Horn, lignin 
as it occurs naturally in wond, can be aeetylated so 
that the product a|)pears to (‘ontain .‘I acetyl groups 
in excess of thos(‘ pnvseiit in aeetylated Willstatter 
lignin. It is imh'cd diiliciilt to e()-relate these two 
contrail iefory facts. 

Fiignin isolated under tin; mildest possible con- 
ditions is insoluble in all known solvents. So its 
easy setKiration by means of solvents is out of the 
(piestion. Cross ami Ih'vau, Kdnig and Kump hold 
that cellulose and lignin exist side by side without 
any chemical eombinatioii. It has been suggested by 
Wislieenns that edlnlose merely ailsorlxfs lignin. 
Clark has shown that lignin present in wood is essen- 
tially amorphous in giving X-ray defraetioii |mt terns 
with only one or two very diiluse rings and it does 
not in any way interfere with (he erystiilline patterns 
of cellulose.. So they are not ehemieally eombiiicd. 
Lignin has beiMi separated with ' 1 % ale. m/. XaOH 
in the eold by Phillips and others. An ctlicrl inkage 
would hardly be ruptured under these eoiiditions. 
Ordinary hydrolysing agents fail to separate lignin 
from eellnlosc. "riie linkagi* is therefore not of an 
ester type as well. 

A somewhat allied (piestion has beiMi raised by 
some workers — as t(» whether cMrbohydrati's are eoii.s- 
titneiit part of lignin. Hitgglnnd first oblaincd a pen- 
tose (an arabinns(>) by boiling H(.M-lignin with 3% 
HCl. Otluu’s reported to have found furfural by di.s- 
tilling lignin with HCI. This lent support to 
Hligglund. Schmidt has defined lignin as a compound 
of an aromatic body with not only pentosans but 
also hcxosaiis. Hut if the lignin is carefully freed form 
sugars during prijparation, by ri'peated w’asliings with 


water, the product no longer gives fiirfiinil on distilla- 
tion with 12 % HCl. By boiling the lignin with 
inodcnitcly strong II2SO4 under reflux no (hexosc) sugar 
could bo dotooted. The degradation products of lignin 
have been studied by a largo iinmbor of workers but 
except Rassow and Linde who obtained galactose by 
the oxidation of bamboo lignin with IINO3, none could 
tind any pentose or hexose. We repeated Rassow's 
experiments here with jute lignin but failed to 
coiiHrm the result. The ultraviolet absorption 
spectra of lignin and its derivative's by Iferxog and 
Hiiliiicr indicate that lignin is composed of benzene 
rings with side chain of 3 carbon atoms, which 
is saturated. It is thcri'lbre in disagrcciiiciit with 
SchniidPs views regarding the composition of lignin. 

Croups 

Let ns ii(»w considiu* the constituent grou|is in 
lignin. The presence of (.)(/! I;* groups has been 
definitely established iii all sami>les of liguiii prepared 
by diflerent methods and from various sources. It 
has also Ix'i'ii shown that thc.se 1)(* 11 » groups are 
linked in the form of ether and not as ester, further, 
no other alkoxyl groups, besides OCHa, are pre- 
sent ill lignin. According to Krendeiiberg, the (X'Ha 
groups in lignin are all attached to the aromatic 
niielei. He studied the rate of removal of the 
OCIla groups in lignin with HT and found that this 
coiTC.sjxmdcd ap^iroxiiiiately to that of vanillin, it 
has been found in oiir laboratory that (MIjI was 
tli’st formed from jiite lignin (during c.Ntimatioii of 
OCH3 by the Zci.scPs method) at i)2° — !)3° at which 
vanillin or vanillic acid as well gave (3l:jl. With 
cellnl(»se ether, tlx temperature is mneli lower. Kveii 
with methylated lignin it is only .S3°-iSr 3'his 
observation snggc.sts the jire-scnec of vanillin residm* 
ill lignin for which, as we shall presently see, 
thep* an* other valid rcasoii.s. 

The p. c. of ()(yH» varies rather widely in difler- 
ent lignins — from 12.10 to 21.00% as also with 
(corn C(}1).>>) (sugar inii)iplc) 

the nicthoils of isolation. These arc disipiicting 
facts which have not been explained as yd. 

There seems fo be little controversy r(*garding the 
occurrence of (.)H groiip.s in lignin — all lignins can 
be aeetylated and methylated. Powell and Whil taker 
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found llnit thoir lignin from flax shoves was 
iiisoliiahle in cold NaOlI after aeotylalion, thus indi- 
cating the phenolic* nature of the Oil groups. The 
behaviour of some organic, compounds with one nr 
more plienolic OIF groups, towards (!!IOa Inis lieen 
utilised by Schmidt and co-workers as well as by 
Fuchs and llonsig as an argument for assuming tin* 
presence of free phenolic groups in lignin whi**h be- 
haves towards CIOs in a similar manner. Wo have 
tried hero tin* action of OlOy on a large* number of 
orgaine. eonipounds and found that phenols are readily 
acted upon no doubt but when the.se phenolic Oil 
groups are protected by acetylation or methylation. 
the resulting compounds an* still decomposed by 
(MO 2 though l(*ss readily. As lignin contains more 
than one 0(MI;i groups attached to tin; b(*nzene ring, 
it is obvious that the fact that lignin is ac.t«*d upon by 
(MO 2 does not in any way prove the existence of 
any In*** phenolic Oil in the nioh*(*uI(*. 

Diazoinethain* methylates approximat<‘ly om* 
(O’ll) Oil group in lignin with a niolecul ir w<*ight of 
tS JO. Freudeiiberg at one time conclud<*d from this 
fact that lignin (‘ontains at least one 1V(‘(* pin nolle 
group, Kuehs and Horn strongly suiiported him. But 
it was sidisecpiently found that diaxo methane reac'ts 
though sluggishly, with alcoholic Oil groups as well, 
particularly in high molecular sul)tane(*s like* st^irch 
and cellulose; so Kreiideberg ha.s iliscarded his fremer 
views and is now of opinion tind no free phenolic 
group e.vists in lignin. Insolubility of lignin in 
caustic alkalis sup[)orts this view. 

.Vs w(; shall see later on, fn?e phenolic groups may 
appear in lignin during careless isolation of the saim* 
by acid hydrolysis, due to the partail splitting oil* 
of the (MM 1 2-0 Ki’uup present in lignin. 

Tlie number of OH groups in lignin widely varies 
with sources and mode of preparation, the acetylation 
and methylation values even are seldom concordant. 
We shall try to exidain this fallacy later on. 

Opinion seems to be divided howev(»r regarding 
the presence' of OOCHa (acetyU groups. The fact 
that wood and other lignitied materials when, distill- 
ed with dilute mineral acids, give acetic acid has 
caused several iiivcatigator.s to assume that lignin 


coiibiins acetyl groups. But no lignin preparation 
iiptil now has be(*n found to yield acc*tic acid 
under similar (conditions. According to donas acetyl 
group is split olV from lignin by very strong HCl 
during isolation (‘V(‘ti in tin* (*o]d. W(* have estimat<- 
cd acetic acid in piiriiied raw jute* and in jute d(»ligni- 
tii'd by (MO-j. It has Ix'eii found that dclignili(*d jute 
(‘ontains all tin* acetyl groups pivsent in raw jute. 
MMiis fact shows that ligfiin native in jute contains no 
acetyl gnaips. .Mnrc recently. Kilter and Kiirtii havi^ 
been able to separate lignin h*aving all the acetic 
acid of the original wood in the carbohydrate portion 
ol the wood, 'riiey th(‘rel't)re siippiu't our vi(?WS 
diri'ctly. 

WorkiTs on lignin are not unanimous rcigarding 
tin* presenee. of ( ’( )( )| 1 group in it. liassow and 
Wagin*!’ measur(‘d the condin'tivity of Na-lignin from 
pine wood and found it to be a tribasic acid. 
.Mehta (h*ferniiin*d (In* aeid value of ln*r lignin as 
177 and pn*pared Ba and (\i salts. Waksiiian 
(*xplains tin* ri'lationship betwe«*n lignin and 
huniiis by assuming a (X>()H gnaip in lignin. 

We obs(‘rved that jut(* lignin gave* ('Oy wh(»ii 
boiled wdh \2% IKM but no furfural. M'lie lattiCr 
shows tin* ab.s(*n(‘e of iironic a(*ids or pe(*iin residue 
in lignin. M'ln* p.c. of {*{)>» obtained is very small, 
(ITiti'wjbul. it is not dm; to any (*.\traneous mattcu* 
associated with lignin. M'his suggests the presence 
of a (H)()H group in lignin possibly with a in*gativc 
group in the ^-position, for it is well kintwn that 
such acids giv(* (M)^, when boiled alone or wdth 
dilute mineral acids. Tin* liberation of ('Om from 
the.s(* acids is .scarcely (inanl itativt*. This (*xphiins the 
small amount of COj obtaiin*d from lignin. The 
(X)OH group could not bi* esteritied. 

Like the acetyl i»r (.'OOH, (MlO group has been 
reported to be pr(*sent by many investigators but 
surprisingly enough, evidence is not une(|uivocal on 
the presence of such a reactive group. Lignin from 
various sources without exception have b(*en found 
in reduce Kehling’s .solution. Friesi* considers it to be 
dm* to tin* presence of traces of sugars. According 
to l*owell and Whittaker an active (M U ) group is 
present in lignin. But with lignin from jiiti; we have 
found in our laboratory that no (MIO group is 
present in lignin, the reducing action is due to the* 
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presence of two Oil (groups in the opposition sot 
free dnrin^r isoI:itioii owin^i: to the piirtiiil loss of the 
OCHaO Kroiip. Mcthyhitecl or jic<*tyl:ited lit;niii has 
no reducing; projMTty. If the rodnc*inj>: li^niii is 
washed exhiiiistively with dilute NaOlI, the filtrate 
reduces Fehliiifj's sniiitioii hut n<it tlu*. r<‘sidiie. Tf 
the reducing is iiietliylciiatcd with Cll^fa and 

KOlf, the n^diiciiij^ action disappears. Our views 
explain all tlujse. facts satisfactorily. Ordinary 
rednciiijr lijrnin docs not part with its rcduciiiir 111 * 0 - 
perty c.vcu after n'liicival <»f the last trac<! of adher- 
ing sugars. 

The controversy regarding tin* ])rcsentie of the 
O-CIlo-O group in lignin is a re<*ciit one. Ftviidcii- 
berg obtained HOMO from lignin by distillation 
with 13®y IH.^I ami attril>nf<‘tl it to tin*, presence of 
a O-tMTa-O group. Fiidis and Horn, Phillips and 
Goss obtaimsl IK 'HO from other lignins in small 
amounts but rcgard<‘d tin? prcseiie<» of the (X'HaO 
in lignin wntli some nneertainty. AVe have got 
HCIIO ill 5 ditrereiit lignins in appreciable 
amounts, also in cliloroligniii prepared tJiercfroni. 
Deligiiitied jute? gives no HOHO. After reinoviiig all 
the HCHO from jnt(? lignin, we re-introdneed the 
OCHaO with CHala and KOH. The product 
gave practically the same amount of HCHO 
again. I'his proves beyond doubt tlie presence 
of the 0-(’H-_.-0 group in lignin. AW? have also 
prepared the acetone compound of lignin, in 
presence of P^ O^ at to 10°C. The reducing 
action (like that of catechol) disappears in both 
ca 8 (* 8 . The colour becomes dark when HCHO is split 
oflTbiit again becomes liglit after the () - CHa - O i-s 
introduced. 'Hie - OCHa - O gnaip is very unsta- 
ble towards acids. So during separation of lignin 
fi*om ligiioet'llnloses by acid hydixilysis, niiicli of it is 
lo.st if proper precautions arc nut takim. 

Unsaturation 

The priiseuco of doiddc bond in lignin is still a 
matter of dispute. To f>x])laiii the foriiiatioii of 
rather stable ligiiosulphonic acids Klasoii assiiines an 
ethylenic linkagi* in lignin, flibbert and Hankey 
from the results of bromination concluded that 


lignin contains an unsaturated side-chain. In their 
recent forinnhi for lignin Kurschner and Schrarnck 
made provision for an ethylene linkage to show its 
analogy to coniferiii and account for the formation of 
acetic acid on hydrolysis and oxidation. Mehta 
determined the I.V. of her lignin as 139. But 
from the absorption spectrji, Herzog and HillmcT 
conclude that the side chain in lignin is saturated. 

We have estimated siiniiltaneoiisly the HCl 
evolved and the C\ entering the lignin inolcHaih* on 
ehloriimtion in (.^arbon totra chloride mcsliiim. The 
ratio was found to be 1 : I within i>xprinieiital errors. 
This thcrc>fore proves that the side? chain in jute lignin 
is satnnited. Secondly, in presence of Pd jiitc-lignin 
absorbed no FIj. Thirdly, we tried to determine the 
f.V. of jiite-lignin with ICl and TBi*. There was 
slight absorption of these reagents but this does 
not indicate a double bond as saturated conipoiinds,- 
like (ilienol, ainsol (but not IxMizene or benzoic acid) 
as well, behaved like lignin. 

Potash Fusion 

Fusion of lignin with alkalies has been done by 
inany investigators — the reaction products in nearly 
all cases are protoeatechuie aend, pyrocateehol, 
oxalic and other simple aliphatic acids. Melandor 
obtained vanillic acid. Fusion of ligriosnlplionic 
acid gave similar result. No new product could be 
obtained by fusing methylated lignin. These aromatic 
bodies obtained from lignin and its derivatives by a 
pro(*osM which can hardly be characterized as synthe- 
tic, unmistakably .sh«>w the presence of benzene 
nucleus in the lig lin inolecaile. We fused deliguificd 
jute with KOI! but faibnl to detect any aromatic 
Huhstaiicc ill the decomposition products. The 
p.c. of these aromatic compounds is however not 
high — it is far below the theoretical. Potash fusion 
is a very drastic process — with high temperature ami 
longer time we get only CO 9 and oxalic acid, llenscr 
and Wins void fused lignin with potash in iron cruci- 
ble instead of Ni, (Fe being found a catalyst for in- 
creasing aromatic, products) and in Ha iitiiiosphere. 
The yield of witechol was 26 % — a figure which 
could not be reached by any other. The highest 
yield of oxalic acid was 20 % , but much of it owes 
its origin to the ]iyrocatechol formed, the yield of 
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which correspondingly diminished, lloiiin}! and 
Fuchs subjeetod bariiiiii lijrnosiilplionato to potash 
fusion and obbiincd 10% of ])ro(o eatechnic acid. 
Frcudoiibi’K and co- workers howevc'r failed to jret 
more than •1’8% protoeatechuio acid by fusinjr 
pine wood lijrnin with potash. Blank experinient 
with protocatechic acid in potasli fusion rcsiihed in 
the disappearance of half of it. So tlicy tliink that 
the maximum that could lin'orelicaly be obtained 
from lijrnin is 0 -\0% only. Tiiey critic'izcd 
rfenser^s results. 

Butyric acid has been identined as a product <tf 
fusion of jute lijrfiin -the hisrhest yield beinjr 0.I.‘1%. 
The formation of this acid indicates the ]»resence of 
a side-chain of at least 4 carlwai atoms in the liirnin 
molecule. Rassciw has also obtained bntyri(* aciil 
from bamboo lijrnin by potash fusion. 

Nitration 

Lignin is nitrated ver>' readily. Nitration of 
lii;?nin from difterent sources has been carried c»ut 
under <litterent conditions by various workers but no 
derinite compound except oxalic acid has y<‘t been 
identified. No doubt Ng entei*s the lignin moleenie 
— partly as nitrate and partly as nitro ^roiip, but 
the composition of the stwalled nitro-lij;nin has 
always been found to be variable - the ji.c. of nitro- 
gen varies bctwc<'ii r)-iS’(i8%. The 0(4I;i groups 
always suffer a loss some times to the extent of 
The nitro <'oinpound reduces Fehling’s solution very 
readily — boiling with strong alkali did not give 
The nitro group ciaild n<»t be rcdn<*<'d apparently 
and diazotizatioii was unsncce.ssfnl. It has been 
explained by the fact that ail nitro groups cannot be 
reduced e. g. nitro salicylic acid. Kurschner claims 
to have isolates! a crystalline nitrated product 


from lignin using dilute alcoholic, solution of nitric 
acid. Blit this reipiires confirmation. Ilibbert in a"‘ 
recent pai)cr describes to have obtained :i diazoti.sed 
coiiiponnd from nitro lignin — lie has prepared a 
brown dye lor silk and wool by coupling tin* diazo 
compound with /^-naptlio] (lisiilphonic acid. 44iis too 
re<|nircs corroboration from other workers. No 
better result has yet been possible to obtain by 
nitrating ligiiosiilphonic acid. 

The simple aliphatic acids like iixalic and acetic 
throw but little light on the constitution of lignin. 
The highest yield of oxalic acid is found to be di- 
tfr-rent in ditferi'iit cases — from jute lignin wc have 
obtained ;»S‘l % of oxalii* acid. But I'veu a higher 
amount does not support a sugar structure for lignin 
in view of the fact that, we have found oxalic acid 
among the oxid.ation products of catechol and proto 
(‘atcchiiic acid (with IINOd) which are di^gradation 
products of lignin. Moreover, catalysts like 
and ammoniinn vanad.atf* diminish the yh^ld of 
oxalic acid. 

Horn appears to be the only man who has obtain- 
ed mcllitic aiud by oxidising lignin with nitric acid. 
This if eonlirmed, will lend a strong support to 
Schranth’s formula for lignin in whitdi the central 
benzctic ring is connected with ti carbon groupings. 
We repeated the ex[)erimcnt of Horn w'ith jute lignin 
blit no traee of mellitii* acid eonid be detected. 
II;i<sow obtained galactose from the oxidation of 
bamboo lignin with nitric acid. But none other could 
contirm this result. We to failed to do the same here 
with jute lignin. 

The readiness with which lignin is nitrated — 
many worker.- believe- indi(‘ates that it hn.s a phe- 
nolic, or, at any rate, an aromatic character. 

( To he continmd ) 


489 


Vol. II. No. 10 
APRIL 19S7 



.Scientific Research in Industry 


Qiange in Outlook of British Industry Towards 
Research 

Thk Advisory of tlio l)(‘p:irtiu(Mit of 

Seiontinr :iiid ln<lii>.triid Ri>s(>:ir(‘li, of wliieli Ijord 
Riitlierff»rd is f I k* ( Mi:iirin:iti, <liro<*ts :i(tctitio(i in the 
Departineiil’s Aiiiiij:i 1 lieport rc*‘<*ntly issued to 
importiiiit dovelopnx'iiis in tlie outlook of industry 
ill this <*oiintry. Tlu* last five years liave witnessed, 
the report state's, 

“the fruition of the policy ;Kl<iptc<l by several large 
industrial iiiiflei takings of setting well-balanced tennis of 
research workers, including chemists, physicists, engineers 
and where necessary biolog sis, l<i solve a ])nr(icii1ar prob- 
lem or to develop a new product. This method of attack 
has led to the steady improvemetit of the efliciency of 
electric lamps, to the position this country has won in high- 
(lefinitioti television, tti the tievelopment on a conimercinl 
scale of the huge pl.atil for the conversion of coal into oil 
by hydrogenation, to tlic growth of the plastics imlustry 
and to many other important advances. This country has 
never been lacking in men of genius whose inventive 
capacity can give birth to tlie ide.us which bring about 
industrial advances. What is new, in this country, in 
present times is the way in which industry has taken up 
these new ideas and brought them to the .stage of industrial 
application by team work in which the .scientists, the 
technical men and in fact all the departments into which 
a great business is orgaiii/.cil have w'orked .side by si<Ie in 
the practical attain ment ol an objective." 

Tilt* fntiin*, tin* n*pnrl continiK'.s, no longer lio.s 
with indiistrios iMiiitcnt to in:ik(* sponnlic ;ulvaiicf*.s 
at tho call of tin* hrilliniii individimlist. (^t-opcni- 
tion, toiiin work, and an oxlcn.sivt* organixation on 
the techniral sid<* art* c.sscntial for snoocss. 

Progress of the Research Associations 

For this reason tin; Depart niont attatdic.s gn*at 
iinportaiico tti tin; dcvolopnicnt of tho Co-operative 
Research Associations forinod under tin* soheino 
launched in the oarly days oi o.\istoiK*c*. The 
atciidy iiierQ^Ipe in the auni ^lieh indn.siry i.s 
providing eacli yoiu* for their devolopinent gives, the 


report states, a good r(‘ason “for taking :iii optiinis- 
tio view” of tln*ir future. In the last throe y<.*ars 
this Slim has inoroasod by U)"a from to 

1232, 1(58. In tin* same period, the grants from tin* 
Department for these organizations have increased 
from .€(58,21 2 to .11 07,451. The year has also afford- 
etl oth(*r prac'tieal evidence of a forward mov(*nient 
in industry rc'garding rcseareli. 

Xi.‘W laboratorie.s at Pcrivali*, eosting over 
£29,000, erected by the Fleet rical U(*seareh Associa- 
tion, were o])ened by the Dnk(* of Kent. Tho 
Research (\>mmittee of the Iiisiitntioii of Automobile 
Kngiin'ci’s -the co-operative re.search organization 
of the motor indii.stry — has aeiinired and eipiippi'd 
new laboratories at a cost of .€20,000 on the (in‘at 
\V(*st Road. A fiulhcr 20,000 IVet. has been added 
to the laboratory accommodation »d‘ tin* I*aint 
Ri'search Association. Hie grc*at(*.st incrc*ase has, 
however, been at the Shirley Institute, the lieail- 
qiiartcrs of the (Vitton Research As.soeiation where 
fjord Derby opened extensions to tin* laboratories 
which had eo.st €11,000. The area covered by the 
buildings, aceoinmodaiing the work of this, the largest 
of the resear(*i» as.sneiations, now exteiuls over thrm* 
acres, and the total <*o.st of the hdniratories and 
ecpiipmeiit has exceeded €200,000. In 1920 the 
cost of the n*seaieh carried out at tin* Shirh?y 
Instiinte was .€19,000 and the staiV numbered 25. 
Ijust year its iiieome was €81,000, and tin* stalV 
employi'd numbered 270. 

In spite of such advances, the report, how(*ver, 
still regards the position of the R(?.seareh Association 
nioveinent as a whoh* as not yet entirely satisfmrtory. 
The Department is prepared to provide a further 
£06,000 each year to the support of the Research 
Associations, and would liave been prepared to (iiid 
that Slim ill ea<rh of the past two years had industry 
been rf»ady to provide an c*(|ui valent contribution. 
In fact, the income of the assueiatioiis... might 
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have been iiicresised by a further £150,000 ii year, of 
whicli only half had to be found by industry, if full 
advantatre had been takcni of the Department’s oifV>rs 
which have been made* to and ace.ept(‘d by various 
Research Associations. 

Contact with Industry 

“hVoni the point of view of imlustry,” the r(?port 
continues, “n*scai*cli is only a means to an end. The 
end is the applications of scientific knowledge to all 
stages of production and the development of new 
processes.’’ To achicive this, close contact with in- 
dustry is ess(Mitial, and the Atlvisory (V>unc.il gives 
a number of examples from the recent work of the 
1^(;partment of the various methods adopte<l to se- 
cure close contact w'ith and co-operation by industry. 

The Fire Ollices (V)mmittee of the London insiir- 
anc(! companies, in co-openition with the Ihiilding 
Research Station, has erected a new Fire Testing 
Station at Klstree which will be used for the study 
of the lire resistamu* of full scale parts of buildings. 
’I’he residts should bo of great value in giving great- 
(‘r c(mli<lcnce in the use of new materials for build- 
ing construction by removing any f(‘ar that the 
intnaliiction of novel forms of construction may be 
introdiieing unknown Rre risks. 

'riie Institiitifui of IFeating and V’^entilating Kngi- 
neers has also lU’ovided a new laboratory at the 
Ibiilding Research Station for research on tin* warm- 
ing of buildings, ft consists of one room built 
within another and so arranged that any kind of 
W(‘ather conditions can be maintain(‘d in the space* 
betwc<*n tin* two. Tin; rcsidt is that research on 
heating systems used in the inner rtKaii can be con- 
tinued independently of the vagaries of our climate. 

A “Consultative (iroup” which brings the shipping 
industry in close contact with the Department’s work 
on the transport and storagi* of food has played an 
important part in the rapid deveh^pment of the new 
trade in chilled beef with Australia and New Zealand, 
and in tin* application of improvements for trans- 
porting Knipire fruit and dairy produ(*e. The 
Dominions Tonnage Oommittces of Australia and 


New Zealand avid the Union Castle ^^ail Steamship 
Company are making substantial contributions to 
the D(*)>artment for tin* df‘velopiiieiit of the work in 
this field. 

Savings in the Milk Industry 

Another striking example is the work the 
Departmrait is carrying out with the co-operation of 
the Milk .Marketing Hoard on the piiriHcation of 
waste waters and efliiients fmm milk <lep<»ts, crcii- 
mcries and (‘ondensed milk factories. Two difVerent 
nietlKuls hav(* been worked out and shown to l)c 
successful on a largi* scale, by which the polluting 
chara<*t(*r of milk washings can be n>du(‘cd by 09® 
and \)l'o respect iv<*ly. Inv<*stigati«uis have, also 
drawn att(*ntion to the losses of milk, cream, whey, 
etc., carried away in the waste watc*rs. It has been 
shown that the wastes from this <*ause can la* re- 
duced by nearly thr<*e million gallons p<‘r year. At 
the low whol(*.sale price* i»f “al. a gallon for milk for 
manufacturing purposes, this means, the report 
points out, a saving of aixmt 150,000 a year to the 
industry. Five p(*r cent of tin* total r|uantitiea of 
by-pr< all lets, wln*y, .sklmmc*d milk, etc., is fre(iuently 
lost at |>res(‘nt in the wa.ste wfiters. ’I’his loss can 
be redn<*ed to alanit ‘J®. '^I'ln* suggestions put 

forwanl for reducing these wast(*s have already 
been adopted at several faetorie.s. 

The summary inelinhMl in tin* rep»n't of the work 
carried out in tin* laboratories «»f the Department 
and of the Res(»ar<‘h A'^soeiatioii during the year 
again reveals the inlinite variety of the subjects cov- 
ered by the Department’s a«'tivities. 

A Radio Discovery 

One of the most interesting results of the year 
has been in eoimeetion with radio research. Three 
new elect nli<‘(l regions in the atmosphere have been 
discovered between I and 10 miles above the earth. 
’rin*se n*gions are thus wi'II below the w'ellknown 
He avisidi* and Appleton regions whiidi play such 
an imtnu-tant part, in carrying broadcasting to long 
distances and in making Kmpire (‘ommiinications 
on short waves pos-sibh*. The new layers are likely 
to be important in eoimeetion with the travel of 
very short waves which are abh* to pass without 
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reflection through the upper layers. Tsohited trials 
on high fre<iiieiieies iiieliiding those in use for tele- 
vision have not yet iiKlirated any freqinaiey so high 
that its return from the middle sitmosphero eaii be 
regarded as unusual. It is believed that local 
thunderstorms ar<* a probable s<iuive for nqilenishing 
the electricity in tin* newly discovered layeix 

The Transport and Storage of Food 

At the Ii<)W Temperature Station, (Cambridge, 
the effects of radiation from ra<lioaelive substances 
in destroying bacteria are being studied in eoniiec- 
tion with the storsige of meat. 

Methods (d' storing eggs in <lifferent c<incentra- 
tions of (‘arbon dioxide are being trie<l out on a large 
scale, A high eoiieentration of, say, (iO'^ prevents 
attiick by mould ami gives an ex<‘elh‘nt ytilk but a 
very fluid winte. 

Tiic manner in which th(> ((iiality of pork and 
bacon is linked with the growth and <iiet of the pig 
is being Htu<lie<l. In the later gniwth of a pig, 
changes take place in t\\o <‘hemieal composition of 
the muscular tissues. Tiiese start near the head and 
tmvfd t4) tile tail, 'riiis head-to-tail wave of growth 
explains why alteralimis in tin* rat<‘ of growth affei^t 
certain parts of the body mon* than (►thers and 
influence the form and ((iiality of the carcass. An 
ounce of e(»d-liver oil a day may be good for the 
living pigs blit cause's the fat to lau-onie ram-nl in 
curing. Heavy <*xcrcisc befoni slaughter, such as 
rapid walking for a quarter of a mile, makes the 
pigs' tissue's more alkaline* than tlie*y wemid have 
heen hael the* |»igs be*en re*ste*e| for a elay <»r twe». 
This fae't has l)e>e*ii found to be* eif iin])ortane*e in dry 
salt curing. 

Kxperimenls have be*en made? on the* “gas steu'age” 
of pears. Ilritish Cemfe*reiice* pe*ars have* be*e-n .store-el 
ill refrigerated ehambers with the? atme)splie*n* adjust' 
ed to eontaiii the e*oiTe‘et amount e>f earbeui dieixide 
for lemg periexls, e*xte*iieliug well iiitei the; summer. 
When remove'd from the stene* the* flavour, texture* 
Sind appearance e»f the* pe*ars w-ere entirely satis- 
fsictory. 


Results are given of ex{)eriment8 on the gas 
storage of Williams' Bon Chretien pears. Normally 
this variety is very difficult to market because it 
ripens ipiickly sit ordinary temperatures and remains 
ill an eating-ripe condition for only a few hours. By 
gas storage, in an atmosphere containing 2.5% 
ox3'geii and 5 % ciirboii dioxide sit 34“F., the fruit 
was held in a markctsililo condition until the middle 
of March. On removal from the store at this date, 
the re|)ort states that tlie pears ripened to a good 
ipiality in just over a week and reiiiuiiied in an 
eating-riiH* condition for two or three days. The 
corri'ct conditions for gsis stoi*age have been mairi- 
tsiined on a commercial scale in a 30 ton experi- 
mental gas store. 

Kxeolli»nt results under commercial coiiditioiis 
have been obtained by improved mc*thods for the 
pix'servation of peas by freezing, l^iiie.k cooling 
and freezing following blaiieliing in hot wjiter are 
essential ami the colour and flavour arc improved 
by the addition of just the right amoiint (O.l - 0.15® ) 
of sodium carbonate. 

The Storage of Flour 

Tlic storage i>f flour is being studied by the Flour 
.Millet’S Rescan*li .‘VssociMtion. So far it has been 
found that thri*e fai'tors come into ])lay. Fir.st, 
there is some eflcct, not yet fully understood, pro- 
duced by the growth of fungi during storage, wdiich 
improves the* baking qualities of tli<* flour. Secondly, 
there Is a factor (*aii.siiig ilctcrioratioii in its quality 
owing to the tats in the* flour hc(*oming converte'd 
into glycerine and fatty a(*ids, and finally there is an 
indiri'ct bi'ncticial factor resulting from the fungi 
consuming the* fatty acld>. It has been found that 
eliiring storage the ba<*tcna content of the flour 
iliiiiinishes to a .small value while the fungi content 
ri.s(-. to very high values. 

Stale Bread 

Anctlhcr invi^stigation being carried out by the 
Flour Millers Kescarch As.so(*iation deals with the 
selling, flavour ami keeping ipiality of bread. WHiat 
the housewife usually calls “stjiling” is due as a 
ruh* to poor k(?epiiig qualities in the bread. Fxhaiis- 
tive jnvcstigatiou.s of this aspect of the problem 
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have showily the report states, that bread made in 
the best possible way from the best possible Hour 
will leave little to be desired in the matter of keep- 
ing (piality. Such bread will retain its edibility for 
ten or twelve <lays whenjas bn'sul impiMp(‘rly made 
from poor Hour may b(UM)mc most nnapp(‘ti/ing and 
almost uneatable in two or three days. Many nthm* 
factors e.ontribnting to keeping ipiality have be<‘n 
investigatf»d. 'fho results of this work suggest 
stn»ngly that if more, attention were ])ai<l eommc*r- 
cially controllable factors promoting good k(‘eping 
quality of bread tin; s(‘rions probhaii of stale bread 
wonld los(! some at least of its inip(»rtanee. 

The report points out, however, that this import- 
ant eommereial aspecit of bread staling is not true 
staling. This, it is stated, U caused by a change in 
the form of tlu* starch in th<‘ bread from its natural 
form, occurring at high tem|M‘ratnres, Ui its natural 
f(»rm at low temperatures. Ki*eping <iuality is in- 
dependent of this in true staling exe«*pl that if trii(* 
staling could be preventcil the br<'ad wonld probably 
always keep well. Retaining bread at a r<‘lativ(‘ 
high (enip(M':itnr(‘, it is stated, is a sun* way of pn*- 
venting true staling but this is not easy to (‘arry 
out in <'omm<‘r<‘ia1 practice on aeeojint of inereaM*d 
mould growth at high temperatures. 

Belter Fitting Boots and Shoes 

'riie most outstanding <l(‘V(-lopment in the work 
of the lk»ot and Shoe Re.M*areh .Vssoeiatioii has bis-ii 
the start of what may be called “walking research” 
Kveryone has probably sutten*d from shoes which 
s(>enu>d to lit all right in the shop but after being 
worn some time have* develo|)ed civases and fohls 
which pre.ssi'd on the foot and cjiused the growth of 
corns and otlu*r discomfort. In onler to present, 
inaniifactiircrs with tiu* means for designing better 
fitting shoes the Uesearch Association is making 
very careful records «)f the way in whi«*h various 
people walk. To do this a moving platform or 
treadmill i.s ii.sed on which a person can walk with- 
out moving away from a particular i)oint. While 
walking thn.s a (dnematograph record is made of the 
movements of the foot which is afterwards carefully 


aiialy.sod. Tlceords arc also being made, by electrical 
thermomet(»rs, «.>f tlu* skin temperature of the 
feet wlien w(*aring dilFerent types of shoes. 
The gaits of various individuals and the effect of 
different kinds of shoes upon them arc also being 
investigated and records ar<* being obtaiiUMl wliich 
sb<»w llu* period nf conta<*t with the ground of 
various parts of tin* foot. 'Fht^ results suggest that 
soim* sIhmvs are miieh more likely to interfen* with 
the norm.il gait than others and this is throwing 
light ii]>oii what is correct in shoe design and 
eonstriH*tii»n. 

Health 

M any of the aetivities of the Department have a 
mort! or less direct eonm^etioii with public health. 
Resuh's the investigation on tlu* ))roblems of sound- 
proof buildings, tests have been carried out at the 
National Physical fiaboratory in cimnection with 
the reduction of nois(‘ from ain*raft engines, large 
clc(‘trical transformers, road drills and traffic. 

An invest ig:itioii has also been begun on tlie 
production of static* ch*ctriii^‘ation in operating thea- 
tres nf hospitals. Some of thc^ anaesthetics in 
(‘omiiion use an* f>f an explosive* (‘haracter, and the 
po.^sibilify of (he prodiu'lion of (‘h'ctrostatic charges 
and the ri.^k of their ignition by sparking is one 
wliieli cannot be neglcclcd. 

At the n'qiicst of the Ib)mc Ollicc a preliininarj* 
examination has been nndertaken of the risk of igni- 
lioii by sparks tliic lo static (*lcctritication in dry 
cleaning works. Some of tin* lupiids used in dry 
cleaning prodiu'c an ignitablc vapour when mixed 
with air, and expIo!>i(»n may result if the eoiiditioiis 
of operation allow the geu(*ratiou of ap|)reciablc elec- 
Irostatie eharge«j. 

.Methods for (h'teetiiig in the atmosphere small 
ipiaiitilies of |>oisoiious ga.'^es eommonly 0(*ciirring 
in certain industrial proees.'ies have b<*eii worked out. 

Res(*;ii*ehes of the Denial Hoard on dental 
amalgams have been completed during the year, 
'^riie results have shown, the report .states, 
that tin* composition of llic alloy used in 
making the amalgam must lie within very 
muTow limits if the dentist is to produce fillings 
which will continue to fill c:ivi(ic.s without contrac- 


493 


Vol. II. No. 10 
APRIL 1087 



SOENTinC RESEARCH IN INDUSTRY 

tinn. The* priu'suitions wliich must be. (observed by 
th«! doniist in preiKiriiitr the :iiu:il«;:ini have* also been 
ostablishe‘d. The* e*oiielit ions both e>f inaiuifae*.tiire* 
and use* e>f inateTials tor amalgam Hllinjr.s have boon 
de'terniiiie*el as tin* re'Milt of an e*xtend(*d series of 
(jxperinient.s, in whieh the e*han^es of ve)Iunie at 
ineuith te*mp(‘ratiircs have lu-en measured, sonu»tinie*s 
oveT lori}^ pe‘rioels. 'riie re*siilts of this work shotilel 
place this eoiintry ahe'ael <»f the revst of the world in 
this partieMihir aspect of (h*nlistry. 

liitore'stiiijUf physical we»rk has be-eii carrie«l emt in 
(•oiin(H*tion with raelinm tre^atiiuMit of elise‘ase*s. The* 
stre*ii^th of the raeliatioiis from a spe‘e*ially ele‘sijyne*d 
radium unit, with wlii(‘h various raelinm "\skin 
distances*^ e'an be obtaimsl, has been me'asiire'd in 
a AVateT “phantewn’’, a celluloid v(*ssel (‘ontaininir 
wateT and <;ivin^ the same* scatteM'inu; and absorptieui 
efle*e*ts as a human Ixiely. Means have* been eleve*- 
lope'd for accnrate*ly nieasnrinii: anel i*ontroliin{j; 
tissueMlosajre*. Aneithe r inve*sl i^ation is in [>re»»ijn*ss 
in e.^onne'clion with the we'ak radiatiejiis which may 
reae'h elistant parts of a patie'iit^s bexly elnrinu: tre*at.- 
inent. 1'he‘se raeliat.ienis, it is belie* ve'el, may lie* e>f 
iinpetrtance* in 'Vonstitntional edee'ts’^ ed raelinm 
tre*a1ment, c. //., ble>oel e-han^e's anel jiene*ral health. 
The me'tlieid nsi*e| is (e) measure* the* e‘le*ctricily pre»- 
diic(*d (ioni/aiion) in air ^aps in a laniinate*d (*eiiii- 
loid mod(‘l of the laxly. 

I'he impreive*el apparatus fen* iiive^stijratinji: arti- 
licial radie»acfivity is l)e*inir nse*el in a se*are*h tor new 
radio ch'ine'iits ed' ve*ry she)rt life wheise* e*xiste*ne*f* is 
snspe*cte'd. l*arlie*nlar atte*ntion is be*injx e:ive*n te» 
theise ele*ments which eie-e-nr in the human bexly. 

Textile 

The* ne*w biiildinj;s e>f the* (\»llein Rese*are*h Asse>- 
enation inchiele* twe» larec we*avinjjj she*els for e*xpe'ri- 
nients em e-edteni anel rayeni respe*e*live*ly. A plant 
for ceiiitrollin^ the* hiimiility of the* air has be*e*n 
irielnelc'el in both .se*e*tiems. ^riie* ( V>t tern .section has 
a simple* plant by whie*h hnmiditie's botwee*n tin and 
7r)% at 70 M*' e*an be maintaine*el threxi^heint the* ye*ar. 
The e‘ftect e»f humidity em the? we*avinff e)f rayem i.s 
not so well knenvii and i.s to be stnelied in the ne»Av 


shed where the cooling plant installed allows humi- 
dities as loAv as 50% to be maintained. 

Intensive research is in progrc?8s on the chemical 
ae*tie>n of light on dyed eottem fabric. Some dyes 
apparently caii.se the fabrics to di.sintc*grate, while 
others seem ie^ prote*et them. 'Die report stsitcs 
that 

“TJie growing belief of ibe cotton indu.stry in .scientific 
research and in the capacity of the Shirley Institute to 
apply research results to industrial proce.sse.s is resulting in 
still heavier demands on the Association, so that it .seems not 
unlikely lli-at further increases in resources, space and per- 
sonnel may li.-ive to be conteni))lated at no very flistant date.” 

One* of the events of the year has been the iii- 
aiignration of a .section for silk re.s(*arch at the Shir- 
Icy ln.stil.nti<m as a result of the decision to transfer 
tlie work of the old llritish Silk Re.seareh As.socm- 
tions to Didslmry. Rapid progress has already been 
made on soim* of the more pn*ssing [iroblems of the 
silk industry, in partienlar, on (In? development of 
rapnl methods for m(*(‘hani(*ally testing silk rmem*ss. 

Iv\ti*nsive trials of the prtx*ess for producing un- 
shrinkable wool developed by the Wool Jl(*.si*arch 
Association are proc(‘eding nn(h*r semi-mamifaetnr- 
ing eonditioiis in a sp(‘eially eroetcxl plant. Thi.s 
plant is being ii.s(*d for the instriuftion of the oper- 
atives of linns working the process, plans for the 
<Mnnmercial reh*as(* of w)n<*h are now being consi- 
dered. 

(Amsideration has been giv(*n during the y(‘ar 
to the need of some nioif* .salisfa<*toiT m(*ans than 
the present voluntary levy for raising funds for 
extensions in .’’a* work of the Wool Research Asso- 
ciation, tin* m*c*cssity for which is generally recog- 
iii/eil. 'riie desirability of a broader basis of 
organization is emphasized by tin* movement now 
under way in the wool prodneing eoiintries of 
the Kmiiire, towards researeh on the better produc- 
tion of wool. ( A (-operation between mainifac'tiircrs 
and produeers is e.ssentiai, the report .states, if the 
future* of wool is t.o be a.s.snred by all the resources 
derivable from science. An (*xamplc of work now 
ill hand, whi<*h is of iinportaiiee t«) both sheep-breed- 
ers and inaniifactiirers, is the investigatioii of 
in(?thod.s for tin* (piaiititative nieasureincnt of avooI 
quality. 
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Good progress lias boon made in the various 
researches of the Linen Indnstries l{<»soaroh Asso- 
ciation wliich aim at the dovelopm(>nt. of jnn<*l)anif‘al 
iiiotliods for processing flax. 'I'lie Assjieiation's 
experimental flax factory in Norfolk was completed 
during the year. At this factory, er<»ps, grown on 
about 2i)0 acres of the Royal Lstates, Sandringham, 
were treated. 1'he UKh") cn)p which was prot'essfai 
last year was better than the liKU crop, and the 
llKJt) crop promises to be much Ix'tter than either, 
rnfortunately, however, bad weather made* harvest- 
ing diiliciilt and about 40 acre's had tt) be pnlhal 
by hand instead of by the new mechanical methods. 
About 700 tons of material wen* dealt witii satisfac- 
torily in the new de-seeding plant. A flax-lying 
ma(‘hinc and a sewung machim' of new* d<‘sigii wca’e 
introduced during the year. Work is in progress 
at th(> n(*wly completed substation of the Association 
ill Norfolk on the manuring of (tax and the 
control «)f weeds. A new form of flax break(*r 
for unretted as well as iv'tted flax is giving promising 
results at the Association’s laboratorii's at Lambeg 
(Northern fri'land). ibilk (juantities of unretted flax 
have been prepared and spun and 20 a<Tcs of flax 
have been grown in Seotlaml to provide material 
for large scale trials by Scottish spinners. If it can 
bn demonstrated that a good market exists ff»r im- 
retted fibre the objections, which n'tting by st(*eping 
the fibre in water on the farms presiMits to many 
potential growers, will b«? overconn- and the develop- 
ment <»f larger supplies of home-grown and Kmpire 
flax will be encouraged. 

Iron and Steel 

The annual expenditure of the Iron and Steel 
Research (council of the Rritisli froii and Stei'l 
Federation — the co-operative resea reh organisation 
of the industry — has increased from 4.15,1)24 in lil.43 
to about £50,000 la.st yc'ar. The research expendi- 
ture of individual companies has also considerably 
increased in tlie last 12 months. About 135 of tlie 
(.\)iincirs expenditure is on long range research not 
capable of immediate application, but of the fii*st 
importance to the future progress of the industry. 
The results of other researches liave increjiscal 


productive elliciency, improved (piality and arc 
progressively supplying the iH'ed For steel eapable 
of stindiiig up fo the high teiiipcratures now em- 
ployed in modern industry. 

The Couiu'il has cnlhM*tcd and examined dati 
reganling existing piM<-li<*c in tlie imlnstry. This 
has provided a slaiidard by whieli the ('ilect of 
ehaiiges can l)c measured, ami has ](>d to ra[)id 
improvi-mciils in riVn-irMiey both iii smelling and steel 
making. This lias applied iml only to the less 
cirnaetit plants, but also (o those known to he highly 
ellii'ieiit. ’I'he ('oiineil’s work has led to a great 
imavase in IIk*. d«*gree j»f eonirol by si*ieiiti(i<* instru- 
ments ill steel making, :ind robust apparatus of high 
|U’e(‘isioii for siieh work is now la*ing made by Rritish 
(inns at juiees eomi»elitive with foreign apparatus. 

During tin* year spet'ial attention has beiai devot- 
e<l to rolling mill pra<-lie(*. The work earned out 
in eo-operalion with the liuihling Research Station 
has shown that lil.isl furnace ’Toamed slag is ji satis- 
factory mat(M‘ial for making light-weight concretes. 
This opens up oth(*r po.ssil)lliti(*s in the use of slags 
previously n'garded as waste* prodiiets. Other work 
has h'd to an im'i’e'ase in the lift! of ingt»t moulds 
with a eons(*<|U(‘nt Itiwcriiig of steel costs, fii view 
of the growing se.areify in our natural rt‘soiir<*cs of 
first rate (‘oking eoals for nitdailiirgical work, iind 
actual deterioration in coke* ((iiality in sonic districts, 
fiindaini'iital research is now in progrt'ss on the 
constituents of coal and its methtsis of treatment to 
give high <|Uaiity coke. 

In co-t>pcr:itii)i) with the co-opcrativi* rcsoiirch 
organization of tlu! aiitonuibile indii'^try, a c-oin- 
prclit'iisive research on steel sheet has been under- 
taken. 'riit! automobile industry is by far tlie 
biggest eousumer of stei-l sheet, and there arc 
various ])rol)lems ci>mieeted with its maiiipulatioii 
and te*<tiug which liave result(‘d in coiisidcrabh* 
wastage and dilliciiltics. 

Aircraft 

.Many new di'signs of ain'raft. have been tested 
ill (he wind (iimiels of the National Physical Labora- 
tory, and two additional tnmu'ls of special type arc 
in course* of eri*i*tion. Ib'iiiarkabU* n*sult.s have 
been obtained in a study of the cIVcct of even slight 
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surface roufihncss of tlic wings, ('tc., on the speed 
and ninxiiniiin lift (»f aircraft. For the moderate 
size machine. Hying at alnait loO miles per limir, the 
roughness due to parlii'Ies liaving a size of 1/I.OOfh 
of an inch elleels the drag. IVob](‘ms ot stalnlity 
and control have heen further stmlied esp(*eially in 
connection with tin* low wing monoplane. Two 
ineihods have heen devised for halaiuMiig th<‘ brake 
flaps which are ])eing increasingly used as a <*ontrol 
ill huKling. 

In the search for ever lighter materials fm* air- 
craft constrmd ion, new liglit alloys <if inagnesinm — 
a metal l/3rd lighter than ahiminiiim -have bPen 
prodiK’ed and found suitable for stress<'d parts up 
to loO®C, and possibly ‘JoO. 'flic Chemit'al Research 
Laboratory has found that corrosion of magnesium 
alloys used for fuel tank eonstnu'tion by ieathsl 
aircraft fuels can be preveut(*d by e<Ttain organic 
snbstanees, notably qninolim*. Itadio aids to the 
navigation of civil aircraft are Iwiug .sludi<‘d by the 
National Physical Laboratory for the Air Ministry. 

Some other Points from the Report 

The number <if ship designs test<*<l by means of 
model.s in the tanks of the William Fronde liabora- 
tory numbered 73, and again exceeded the number 
tested ill any previous year. An iiiv(*stigation of 
the effect of hull shape on the p<*rform:ni<*e of high 
Hpc?ed ves-sels of tlie cross-ehannel and liner type in 
smooth and rough water has been eomph'ted. 

A type of pulverized fni'l burner and distribntiir 
developed at the Fuel Research Station lias enable<l 
twice to three times as inneh steam to be obtained 
from a Lancashire boiler as it. was normally ratcil 
to give. 

The (ieological Snrv<*y has found that the steady 
fall in the w'ater level in the chalk f>elow London 
has recently been r(»phieed by a ra|»id ae<*elerati<»ii 
due to a heavy over-pninpiiig removing more w'ater 
than can gain access to the deep-.s(;ated r<*servoirs. 


The possibilities of home-grown timber for street 
paving and tlie wood pulping industry is being in- 
vestigated. 

At the Chemical Research Ijaboratory an impro- 
ved electrical insulating iimt(‘rial has been obtained 
by the blending of rubber derivatives with synthetic 
resins from tar. The eoirosion of lo<*omotive boiler 
tubes has also been investigated there by laboratory 
iiietlxals and in a model boilm*. 

The life of the silica brick linings of gas ri'torts 
is now longer than ten years ag(», mainly owing 
to the work of tin* Refractories Research Association, 
and th<* eeomimii’s resulting to the gas industry 
therefrom are very gn‘al. imleed. 'rin* lOleetrieal 
Research Association has prodn<*ed a new type of 
fuse lor radio receivers or electrical clocks. It has 
also laid down (‘oiiditions for eartidng overiiead 
lines earrii'd on ])'>les, or tt>wers, which will protect 
ealth* grazing under them from shock in the ease of 
faults developing on the lines. 

The Paint Research Assmdation are invi^stigat- 
ing the problem of painting in winter and w'et wea- 
ther, aiul studying how the dilVuMiltic's can be 
overcome l)y some simple inodineatioii in the eom- 
|N)sitioii of the paint. The Association has devised 
apparatus by whieli paint can be applied and tested 
iimler any weather eondilioiis between tropical and 
arctic. 

As a result of eo-operaiive research, cylinder wear 
in automobiles is no longer considered by many 
maiinfac^tnrers to be the serious prolileiii it was a 
few yi'ars ago. 

Tile Rubber Research Association is working on 
the devidopmeiit. of durable rubber for gas masks, 
and is devising tests which should ensure snpplie.s 
of reliable artieh*s to bo available should necessity 
arise. Among other subjects the Association is 
.studying tlie resistance of rubber and the improve- 
ment of rnblxT for shoe soles and heels.* 

* Suiiiiiiiiry :>£ the report of the Department of Scientific 
and Inilustrial Research for the year 1935-30. 
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Progress of Clicmisti'y in Hncient India 

P. C Ray 

Palit ProffBMur of Chemiatr., Univorsity of Calculta. 


I The followiti)* ill licU* liiis l»e«m taki ‘11 fimn tlu* N»i\iMn- 
hc!r issue af The. Reijinter of I'lii I«aiiihil.i rpsiUui. So 
little about tlu* si’ioiitifio achievi'iiients of tlu* ancient Hiii- 
diis is known in the West ami <*sj)eciall.v in Anierira that the 
editors of The Register did well in invitiiij^ the einini‘nl 
Indian chemist, Sir 1‘. C. Ray. to write for them this inleiest- 
iiijr history of the cliciniral knowh'ilj'e ol thcam ii-nt lltmhis. 
We reproduce it in part for the henelit of our readers and 
acknowled}*e our thanks to The Register.— Sc. iV: 
Cut. 1 

It is gciKTally takoii fur ^raiitt'd that the Ilimhis 
have always Ihk‘ii a drcaiiiy, iiKdaiihysiral lUMiph*, 
proiio to nuHlitat.ion and coiittMiiplatioiL No ^Yotldt‘^ 
that ihu iuiot slionid cxvlaiiii : 

“The Mast bowed low' before the blast 
III patient, <leep disdain, 

She let the lej»ions thuader past 
And plun]{ed in thought a^ain.*’ 

Ill aiiritait India, liowtjvcr, physical scienct; I'oiiiid 
lull* votari(?s. India was oikw thccradlc <d‘ iiiatho- 
inatit'id sciciK'Ps iii(‘hi<lin;r arithiiictit* and algebra ; 
tho systoin of notati(>n, popidarly ascribed to the 
Arabs, is n;ally the product oi* tin; Iliiuhi brain. 

Max M tiller says sonaiwlicrc that il’ India hatl 
presented no other jrilt to Knrotic than that of tlu* 
niiinerals, the debt of the latt<*r to tlu* former wnidd 
have been nnreipii table.' 

1. The learned professor of Sanskrit of Oxford University 
says: “In science, too, the debt of l*hiro]ie to India has 
been considerable. Thcie is, in the first jihice, the great 
fact that the Indians inveiiLod the niiinerical figures, used 
all over the world. The influence which decimal system 
of reckoning dependent on those figures has hail iml only 
on iiiatheiiiaties, but on the progress of civili/;ation in 
general, can hardly be overestimated. iJnring tile Sth and 
9th centuries India is became the teachers in aiiihmetic 
and algelira of the Arabs and through ihein of the nations 
of the West. Thus, though we call the later science by an 
Arabic name, it is a gift wre owe to India.” — Macdonnell’ . 
History of Sanskrit Literature, p. 124. 


I Nlinll, Imwi'vcr, I'oiilim* tii\ self lollic keen powers 
id iibscrvntinii and flu* iiece.s'.ily of (‘Np(*riinprital 
me I hod ciijoiiii'd ))>' tin* llimhis of old, so f:ir as 
chciiiic:d processes are eoiiceriied. lmh*od, Dlinndu- 
kniilha, flu* author of the st.imhird iatro'<*lu*inu*al 
treat i^*, l\n.*ivnilni ('liinhinnmi (gems id* -iniiioral 
preparations), says : 

“They are alom* m be regarded as real teachers who can 
show by experiment wlial llicy teach. Tliey are the 
deserving pii])ils, who. having leaiiit llie experiinents from 
their teachers can actii.ally perform llicni. The rest, both 
the teacheis ami the pupils, arc im-rcly stage a€.*ti)rs.*’ 

'L'his author, again, acknowledges his imlp.bt(*d- 
iu*.ss to the standard work on the sidiject, Unsarnava^ 
ill which o(*ciirs an ohiborate acconiit of tlu*. ]»r<»ce8S- 
cs of sublimation, distillation, and similar openitioiis 
as well as the apparatus recpiired for tlu* procoAsefl. 
Indian alch(*mists an* also (.*lo(|m*nt in their 
veneration for ami iml(*bt<*dnoss to the great adept, 
Nagarjiiiia, to whom is ascribed the invention of the 
above processes. One instance will sulVua* to give 
you an idea of the im*thods adoptcil for the ptirifica- 
liun of inerc.iry. The Sanskrit text, literally render- 
ed, runs as fid lows: 

“Fraudulent dealers adulterate (alloy) mercury with lead 
and tin, hence these impurities are to he removed by 
.subjecting the merenrv lo triple di.stilhilion.” 

The ideiitilieatioii of metals by the coloration 
of their ilaincs is referred to in Ixnsanmva (circa 
l‘J0() .V. D.) : 

“Copper yields a blue flame, that of tin is pigeon* 
coloured, tliat of lead is ])ale tinted " 

W(* are not aware of similar tests being applied 
anywhere at siieh an early date. 

The aiieient llindu.s knew the distinction 
between imta.ssium earboiiate :ind sodium carbonate; 
the fornu*!' is called yavaksham (ash from the spikes 
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of Imrloy) mid tlio lattiT Sarjiknkshttra (oqiiivaloiit 
to iiiitrori I'roin Ky:y|)t). 

TIk* (earliest rrcord of this is to Ik; Iniiiid in tlio 
old liitidii work, Sftsrttiff. TIu* Chnrnha and 
the Sttsnthi an* tin* two staiidanl aiul 
autlioritativ(‘ treatises on Aytnrvitfi (seicaice 
of life)- ^I’Im; ( 'l/nrakts is more eoneerned with 
iimlicirKs while the Sttsnifft relates nmre or less t(» 
siir^jery. In the Snsrft/ff the two moditirations of 
alkali are referied to as lihslntuhshnni iliks/tHtit /V., 
sharp or eaii^tie ; kslmni^ f.r., alkali) and ntrithi- 
kshttra, />., mild alkali 'I'he distinction is quite 
clear. In the Sttsrtt/ft we have many land plants 
inentioiK'd which hav<\ of lat(‘, heen botanically 
classified. 

The *SV/.s>7//// says: “On an auspicious day cut 
the plants down, hum them, and hoil the ashes with 
water in an iron pan and then iiltta-' through (‘loth 
folded s<‘veral times/’ 'J'he cl(•all solution that is 
obtaiiKKl is rich in potassium (‘arhonate and is 

tennod iiiild alkali. 

Next comes the description of the preparaticni of 
caustic alkali, and this is the most sclent ifie porthai. 
“Collect s(>veral kinds of limestone and shi^lis and 
'burn' them stronjrly and add wjiter to the resultiiifr 
product. Next mix this slaked linu; with the 
lixiviated li(|uid obtained above* and boil and stir 
with an iron ladle.” 

Jlen; we span two thousand years from the 
Sttsntht to the remark:ibh* discoverievs of Joseph 
Black, who was an M. I), of lOdicbur^h. In his 

doctorate thesis (presiaited in I75ri)ii^ tfave, for 
the tirst time in hjirop(\ the sci(Mitilie explan.. tion of 
the dllferenee betweiai caustic and mild alkalis. 

This method you will look for in vain in any 
Kiiropean treatise* before the Kith or the 17tli 
century. The process as jriveii in the Stisrtiia is so 
Hcicntifie that it cjin be bodily transf(*rred to any 
modern textbook on chemistry. Besides rc(;om- 
incndin^ the usi* of an iron vessel for boiling the 
liquid, the book fiirth(»r says that the kshfrra, so 

obtained, must b(* stored in an iron vessel with its 

mouth closed. I0v(‘ii to-day W(; keep caustic potsush 


either in iron or silver vessels. The i>oints to be 
noted here arc that the Susnttn gives not oidy a 
very aixairate nicthral of preparation and presonta- 
tiiin of the. two kinds of alkali but also the distinc- 
tion lM»twecn th(^ twM) \wiot\vti~ fiksknn--kithnrn afid 
niridu-ksham -is clearly ret'ognized. 

Davy isolated pota.ssiiim and In* says, “The 
aiieients did not kno\v how to distingiii.sh between 
lM)lassiiim (‘arbomite and sodium carbonate.” But 
in our Aijnrnuki Kiis sharp distinct inn has beiMi v('ry 
eh'arly stated. 

M. Berthelot, under whose inspiration T took to 
writing my History of ' Hi nfltt Cltnitis/ry, in review- 
ing my book, says of this ])ortion “that the llindns 
possibly got their knowh*dge of this method from 
the PciH ugliest;.” (Jour, drs SaroHfs, Jan, KlOJ, 
p. lU). Blit against that I may itoint out that 
diakrapani, who was the court physitdaii of \aya- 
pala (U).">0 A. I).), king of (lour, in the treatise which 
goes by his naim*, (piot(‘s this mode of prt'paralion 
verbatim from Sftsrft/ft. \ miieh older treatise, 
Vayhltnta^ also docs tiu* same. In tlu* eoiirst* of my 
studies, I (*ame across a r(‘markable jiassage in a 
.Buddhist work whiiJi dates as far back as 1 10 B. (\, 
r refer to the MiHnila Ptniltn, Professor Uhys 
Davids translates the* portion as follows : 

” Ami when the inft.'iiiiination had gone down and the 
wound had hcconie sweet, suppose he (the surgeon) were then 
to cut into it with a latictd, and hum it with caustic. And 
when he had cauterized it suppose he were to preset ibe an 
alkaline wash.... .Now tell iiic, () King! would it he out of 

enielly thst the surgeon thus cut with the lancet and 

cauterized with the stick of caustic. ' 

The ii.se of metallic pre])arations mentioned in 
the Hindu Pharmacopoeia al.so dates from a very 
early period. In Kiirope Paracelsus was the first 
t(j introduce metallic preparations into medicine. 
Blit in India, Vrinda, who prec(»ed(;d Chakrapani 
by at least a century and tlicr<*fore must liavc 
lloiirish(*d about the 91 h century A.D. or even 
earlier, was the first to prc.seribe KaJjroH (black 
sulphide of mercury) as a modiciiio. Chakrapani 
gives an lilaborate deseriptijin of the process of 

(1) Sacred Btyqks of the East^ vol. xxxv, p 16S. 
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makini; Knjjvnli. In Knrope this preparation was 
not known before the 1 7th eeiitiiry.' 

As regards the high degree? of skill in niekil- 
liirgy attained by the lliiidns, it is enough toiia^ntioii 
the iron ]iillar near Delhi. ll<?e.eiitly Sir Robert 
Hadtiold referred in this eonn(>eii(»n to an exatnina- 
tion eondneted at his w<»rks on irv^n from the famous 
pillar of Delhi, whieJi is n'piited to be over 1,000 
years old. lie. said that the analysis and tests to 
whieh the material had been siibi<H*t4»d showed the 
in>n to be a wond(!rful piece of work. It eertainly 
had pro])erties which enable<l it tr) resist corro- 
sion to a niiich greater c;xt(‘nt than imxlerii 
wrought iron. It was a mo>»t remarkable fact that 
in spite of all the scientilic a<ivanee which laid laicii 
made in (he metallurgical Ih'Id the pillar of Delhi 
was. as far as he eoiild judge, a metal of much better 
(piality tliaii anything which could be prodmanl to- 
day. lie irnuh; that staltMuent with a full sense of 
responsibility. Sfum* of tin* s(*crets of metallurgy 
had died out. Then again tluMiame of the metal 
y.inc o(*curs in Kin'o|)ean history for the first time in 
the. works of Paracelsus ( 1 lO.'l-l oj 1), who leaves iis 
in the dark as to tlu* natur<* of his Ziucken which 
he designates as semi- or bastard metal. 

The extiVK'tlon of /.ine from the on' (calamine) 
can be followed in every <letail from the a<‘coiint 
left 1(» us in litisaniarn ami specially in I'nsarahin- 
stuHtfrhrhat/ff. '^Phe process as givcfi in tlu? latter 
work is reproduce<l below. The literal rendering 
of it runs thus : 

“Rub c.'ibuiiinc with tiiriiierii’, the chebulir ni\r;ibo- 
laiis, resin, the s ilts, soot, boiax. I'ill the insiilc of the 
cincible with the above niixUire mikI dry it in the sun. 
Close its month with ■ perttimteil s.iiiecr. A vessel filled 
with water is einbedi led in the groiinil, ovc;r which the above 
vessel charged with the mixture is inverted, which i.s again 
heated by means of a charcoal fire. The operation is stopped 
when the flame issuing from the mass i hanges from blue to 

2 “ ]Jas Schwar/.e Schwefelquecksilber lelirte zuerst 
Turquet de Mayerne, iin Anfjinge des 17 jalirhunderts, diirch 
ZusamiiK'nreibeii von W.'irmcn Queeksilber niit geschiiiol- 
zendein schwefel darstcllen.” Kopp: Gesch der chem., vol. 
4, 186. 


white. The assctice of the metal wdiich drops into the water 
and ha.s the lustre of tin is to be eollccled,” 

Tndcc?d tlu? proct'.ss .st» claborat<*ly given «ibovc 
might be? quoted .almost verbatim in any treatise 
on modern chemistry. It is practii'ally the came as 
tlistill.'ition pi'i* dcseensmii --the ilaiiu' of a bluish tint 
issuing from the mouth of the crucible indicati's the 
eombii.stioii of carbon monox i(l(> so often observed 
in incia.Murgical opi'nitinns. 

I ncctl not proceed further. I shall conclude 
this topic with the a|)posit(‘ words of the illustrious 
French chemist, rb'aii liaptiste .Viulre Dumas. 

“What an awakening bn* Kurope! After two thousand 
years she fouiui herself again in the same position to w'hich 
she had been raised by the ]>rol'oiiiiil intellect of India and 
the? .acute gen us of Cfreece.” (The first f'araday lecture 
ilclivered before the London Chemical Society, June 
17, ISb'f )' 

Knowledge of Technical Arts and Decline of 
Scientific Spirit 

Iti ancient India the useful arls and sciciici's, as 
distinguished fnuu mere haiulicrafl, were cultivated 
by the higher classes. In the while Ytfjurmht :iud 
in the Titifliritjti linihiHnn^ wc meid with the names 
of various professions whieh throw light on the state 
of that [X'rioil ; unfortunately a kuowledgi’ of lhe.so 
|)erished with the iustitutioii of (he c;iste system in 
its most rigid form, .\moug the sixty four i'ftfm, 
or arts ami sciem*es which ;irc enumerate:! in the* old 
work of Vatsayana e.illed Knninsiitnf^ oceiir, with 
others, tlu* names of file following : 

(I) Sfthnntdntfttrt imrihsha or the examination 
and vahi.'ition of gold ami gems. 

(‘J) I)hfihilnfdn -or chemistry and metallurgy. 

(II) The art of ext raiding alkali (already 
referred to). 

W o also iiml that among the eompanions of the 
poet Vanji~ (7th century A.i>.) were an assayer mid » 


1. Iloefer in his ailinirablc HisUnre de la chimie also ex- 
linsseB the .same view: “1/ lnd»* est le bereeii de hi fileation 
dcs peuples qiii merchant a la tete ile la civilization.” 
Vol I. ICd. ISfili. 

2. Cowell .'iiid Thimias’ Trans of Haraha Charita 
p. 33. 
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metallurgist ! Surii tiirrns as Lohnvid (adept in 
iron metallurgy) and Dhattfviil (metal iiiigist and 
chemist), whitrh oceiir repeatedly in Sanskrit litera- 
ture, show that the metal liiigists were held in high 
esteem and (‘Xpert knowlodgt* soiiglit after. 

In the VfKlie age* the Kishis or priests did not 
form an exehisive o:ist<* <if their own but followed 
diffijreiit professions aeeording to their eonvenienee 
or natural tastes. Ihit all this was changed when 
the Bndiinins reasserted th(*ir supr<»niae.y on the 
dneliiie or the expulsion of Hiiddhisni. 

The caste system was esta]>iish(‘d th novo in a 
more rigid form. The drift of Manu ami of the 
later VnraHos is in tin* direetioii of glorifying tin? 
priestly ehiss, whieh set up most arr<»gant and out- 
rageous pretensions. Aeeording to S}tsrHin^ the 
disseetion (»f dead bodies is >///e qna ttoit to Hn* 
student of surgery and this high authority lays parti- 
cular stress on knowh*»lg(* gained from e\penmeiit 
and obs(*rvati(m. lint ^^aml would have none of it. 
The very touch of a eoi-fne, aeeording to Mann, is 
enough to bring eontamination to (In* sa<*red p(‘rsoii 
of a ib’ahmiii. Thus we lind (hat shortly after the 
time of Vaghatu, the handling of a lane(‘t was dis- 
courag(!<l arnl anatotny and surgery fell into disuse 
and be<?ann* to all intt'iits and purposes lost seieiiees 
to the .Hindus. '* 

The arts bi-ing thus relegated to (he h»w eastes 
and the pndessimis mad<' liereditary, a eertain 
degree of tinein*ss, (h’lieaey and deftm-^s in mani- 
pulation was no doubt s<*eiired but (his was done at 
a tt*iTible cost. The intelieetiial portion of the eom- 
tiKiiiity b(*ingthns withdrawn from active partieipa- 


tion in the arts, the how and. why of the pheno- 
mena (the eo-oi'dinatiun of cause and eflPcct ) were 
lost sight of and the spirit of inquiry gradually died 
out among a nation prone to specidntioii and meta- 
pliysieal subtleties and India for oneo bade adieu to 
experimental and inductive seieiiees Her soil was 
rendor(*d morally unfit for the birth of a Boyle, a 
J)es Cartes, or a Xewton, and li(?r very name was 
all blit exfiiinged from the map of the scicntiiic 
world. 

In this land of intell(?(‘tiial torpor and stagnation 
the arti/an e.la.ssos, l(»ft very much to themselves 
and guided solely by their mother-wit and sound 
commouseiisf* which is their only heritage in tliis 
w»)rld, have k(?pt up the old traditions. In their 
own way they display marvellous skill in damas- 
<*ening, making ornamental designs on metals, carv- 
ing on ivory, eiiam(‘lliiig, weaving, dyeing, lace 
making, goldsmith's and jewel ler^s Avorks, etc. 

The abov<‘ is (iiiot(*d iVcnii my lUstnrij of If/ttdu 
('hentisfnj, first piiblislnsl in lOOl*. Kxactly a third 
of a (‘cntiiry has elapsed since then. At that time 
I litth* dreamt 1 hat I should live to nwisc my <*sti- 
mate of the gloomy foreboilings. h'ortmiately, 
India has roused herself form her ag<*-I<)ng shimlM*r. 
SIk* is no hmger to be eonntial as a Uip 
Van Winkle. She is now ett amronl \vi(h the latest 
pri»gress in seieii(*es. Tht* discovery of heavy 
hydrogen by Crey and tin* .ai'tiial isoi:i(ion and 
identifieatioM of artiii(*ia)ly radioactive elements by 
.Inliots exeit(* as iniieh interest in (he laboratories 
of India as in tlmse <»f Kiirnix* :iihI .Vmeriea. 
.Already tin* lil(*ratiire on (he Itainan KHeet is \a>ln- 
miiions. r sineeiely ln»|M* that India will enntinin* to 
contribute her ipiola to tin? pn>gress «)f seieiici* and 
lake In*!' riglitful place in the comity of nations. 
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Experiments on the Photon Theory of Seuttering 


A {xrc'iii nf iiiioivsi li:is Ixhmi nmiistKl Uy 

roiTiif iindcrtnkni lo Ifst. llio vnlidity 

ot till* plii>h>n Hicnrv <»F s«*;d<«*riiijx. lv\p<M'ini(‘iifs 
liMVC Imm-ii <MiTic(l tuit iiulrp(Mul(‘iitly by S|i:uil\liiii<l, 
fincob.sr'ii, liotlif :iih1 nnd otliors. 

Slu>rt iioti's on soiiu* of tb(‘si* linvo from tiiiir to 
tiiiio ;i])po:in‘d in this jonrnni ; h(*n* it is proposiMl 
to j;iv<* ii ronrn>c'to(1 ;i<.'(‘onnt of the wliolo s<*i*n*s of 
invf'stijfMtions on tin's snbjirt. Inndin^ up to tlio most. 
m*(Mit oiifvs. Ih'fon* proooodinjr to dosorilx' tho 
individmil (‘xperimonts wo sliall discuss tin* difVemit 
cons<*(H!(*nccs of tin* tln‘ory which can lx* tc‘stcd 
(*xpci‘ini<*ntaliy. 

It is well known that in (Nmiptoids theory, the 
iwocess of scattering is regarded as an elastic colli- 
sion bctw(*cii a |ihotoii and a frc*e clc<*tron rcsidtiii^ 
in a scattered (piaiitiim of lower fnanieiicy and a 
nroil electron. During tin* <‘olIision it is assumed 
that tin* laws of eonsta'vation of encr^jfy and momen- 
tum ln»hl jiood. The relation bctwe<*n the chanjrf* in 
the waveleiiiith and the an^le of scatterinjr, as dedu- 
ced from the theory, has been definitely established 
in numberless experinx'iits iisinjr comparatively lijrht 
siibstain'cs ;is sc;itterei-. Moreover, seatt<'riny^ by 
bound electrons has been insvestii^ated, where ins- 
tea<l of a sharp liin* a eoiitiimous band app(*ars <mi 
tin* loiiKor wave side. Siuninerfeld has shown lat«*ly 
that this band has a sharp limit on the hijrh fre(|u- 
«Ticy side and has postulated the existence of tlis- 
erete liix'S (Raman Spectrum) in between tin? 
band and the oriKiind Huf. lie is of opinion that 
the pln*nonienon obs(*rvod soniotime ajjo by Ik H. 
Ray of (.^dentta is (d’ this nature. 

Resid<?s this direct veritieation (»f the n*lathm 
between the change «»f frei|uency of tin; incident 
photon with the direction «»f scattering, there are 
other important consequences which corn*late the 
.scattered photon with the recoil <?Iectron. 'riiiis, one 
is that tin* .s(!atte.red quantum and tlic recoil electron 
must appear at the same instant of time ; tin* .sc*cond 


one is that tlnTc should be a strict angular relation 
betw<*en their directions of cjet'tion and further, 
their momcnt:i lx* copl.aixa' with that (»f the incident 
photon. Sev<*ral experiments have Immmi ileviscd t,o 
test these* points. These will be dealt witli present- 
ly ; for convenience they will be classified into two 
gniups aeem’ding as they aim at the correlation in 
tinn? or in sp:icc. 

Correlation in Time 

The first experiment to test tin? coincidence in 
tinn* was carrii*d out by Rot he :ind (ir‘ig(‘r in IlfJn. 
The lightest (*lenn*nt vi/., hydrogen gas, scattered 
the X-rays. 'IVo point-count(*rs were [>la(?ed oppo- 
site c*aeh f»ther and close* to tin* original beam to 
receive the scattered qu.anta ami the recoil electrons. 
The scattering t<M»k place from :i volume of gas and 
no attempt was made to defiin* tin* direction of scat- 
tering. .V thill ])Iafimim window prt?V(*ntetl the 
recoil electrons from <*ntering into tin* photon coun- 
ter and a magnet i<* li(*ld was a [iplied to deflect the 
recoil ele<*trons into tin; electron counter. By 
simultanctMis photographic rcconling (iti e.xact coin- 
l•idences were obtained in o hours time, and this 
was (xinshlercd to be in support of the photon theory. 

The n(*xt experiment in this line ami with defi- 
nite results is that of Shaiikland with hard y-rays. 
He has introduced a good dc?al of elaborations into 
the technique. Batteries of spe<-ially constructed 
connter-tnbes were used for detecting the photons 
and the recoil electrons. I le carried on a .series of 
experiments using air, Be*, .\l, and parallin as sca- 
tterers. (knneidenees were observed with counters 
placed in tlx! directions prcilieted by the theory as 
well as in other directions. In some of the experi- 
ments one of the (roiinters was rotated by about 
the din*(‘t ion of the ineident beam. The number of 
eoneideuees observed in the expected dir(*<'tioii was 
tiM» low and was practically same as in other direc- 
tions. Kurther, this was of tin* order of the* number 
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of chance coincidciiccs as computed for the expc^ri- 
ment The results were, therefore, not at all in 
harmony witli the existin|r theory, indicating abseiu'e 
of correlation both in time and in direction. As was 
mentioned in the previous reports these experiments 
led to many speculations by the theoretical pli 3 'si- 
cists ns t4) the validity of th(‘ ('Joiiscrvation laws, for 
high energy photons. 

These negative results obbiiiied by Shankland 
have, however, been contradicted by «Jaeobsen, and 
by Bothe and Maier-rwcibniU on the basis of inde- 
pendent investigations. They uso<l y-rays from 
RaTh on aeeoiint of greater homogeneity. 'I'he zert» 
cfTect i.e., the number of chance coineidences was 
determined exp<n'imontally. For this j)ur{K)se the 
/^-counter was scr(»(*m*d from the recoil electrons, 
while, the counting rate in it was maint4iined the same 
as before by a weak source of /l-rays, and the coin- 
cidences were reconled. Jacobson used a single 
/}-and a single y-couiiter, both of which were placed 
at 30^ to the incident beam in aeconiaiice with the 
theory. Tlie number of coiiicidenecs observed, 
corrcct(?d for th<j zcro-(*(re<*t, was of the same order 
as anticipated on the tlujory ])roviding for some 
defects and imperfections. Bothe and Maier-Lcib~ 
nitz used almost tlic same arrangement except that 
there were two ])oiiit-countcr.s in series for detecting 
the recoil electi’oiis. Over and above the observa- 
tions at 30^, these authors obtained daU at directions 
making other angles with the imadent beam, and 
also with an azimuth of 00°. The coincidences 
observed with counters at 30° far outiiund)ered those 
at other directions. When the azimuth was 00° the 
coincidences were very few <5veu at 30°. Tliesc 
results show' evidently that I here is not only the 
coincidence in time but also there is coonlination in 
space. 

In view of these later observations Shankland 
{Pkys, Rev. 50, 571, 1936) has extended his investi- 
gations to test the coincidence in time alone. He 
used a single /^-and a single y-counter and performed 
two sets of experiments with the counters on the 
same side or on the op[)ositc sides of the scattercr. 


The counters were not placed at any particular angle' 
to the direct beam. The experiments were repeated 
after removing the scatterer. Out of the four sets 
of ex[)eriments the number of coincidences was 
found to rise abruptly only when the counters were 
on op[)osite sides <»f the scattercr. The author has 
thereby concluded that there is the corrcspondoncc 
ill time. 

Correlation in Space 

This was observed by Compton himself in colla- 
boration with Simon in 1925 for X-rays. The scat- 
tering of X-rays was stiidif*d in a cloud chamber in 
which the recoil electrons were photographed by 
their ionization tracks. In order to facilitate the 
recording of photons, lead foils were suspended in 
the chamlxu* from which photo-el(*ctrons might be 
ejectiHl. With a narrow pencil of X-rays scattered 
by the gas inside they found that on an average 
there was one recoil (‘lectron for every scattered 
photon and also that their directions in several cases 
agreed fairly with the angular relationship deduced 
from the theory. 

Ue(».ently the above experiment hiis been repeated 
again by Crane, Gacrttner and Turin (/7/y.v. Rer,, 
50, 263, 1936) with harfi Y~rays, They have intro- 
duced some Hue inodiHcations into the experimental 
techniiiiie and have s(udi(>d the angular correlation 
on a wider scale. A mesothoriiim source of I niilli- 
ciiric strength supplied the y-rays, which were scat- 
tered by a thin sheet of celluloid, placed at the 
centre of the cloud chamber. On either sides of the 
scattercr were niaced two lead screens, ])arallel to 
the incident beam, to absorb tiie scattered jihotons. 
A magnetic Held was applied perpendicular to the 
plane of the chamber in order to determine the 
enei*gy of the recoil electrons from th(* curvature of 
their tnicks. I'lie expansions witc automatic, occu- 
rring at 30-scconds interval. In the photographs, 
the recoil electrons could be recognized by their 
curved tracks proceeding in the forward direction 
fnmi the scatterer. The; scattered y-niys after ab- 
sorption ill the lead screens usually appeared as low 
cneigy photOQlectrons on the outermost side. The 
authors obtained such a coinbiiiatioii of /1-and scat- 
tered y-rays in 300 cases out of the totid number of 
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10,000 photogniphs examined. In each case after 
finding out the energy of the recoil electron, the 
direction of the scattered (|ii:intiiin wtis computed 
from tliat of the recoil electn)n according to Comp- 
ton's theory, and vice versa. The computed values 
were next compared with the observ(?d ones. The 
agreement with the theory was found to be gcMul ; 
the amount of deviation was explicable as due to 
internal scattering within the scattcrer, which was 


examined in an independent experiment. In the 
experiment y-rays of energy from '5 to 2*5 M. E. V. 
were used, but thccalculations made were indepen- 
dent of the energy of the photons. The authors 
are, therefore, of opinion that the theory is verified 
over the entire range, so far as the angular coiTclation 
is concerned. These (!xi)criiiients, therefore, prove 
that the law of conser vatitm of eiurgy and momenta 
continue to hold in the encounter of y-rays of llsiTh 
(energy “ 2*<.» M. E. V.) with electrons. 

I\ (\ MukherjL 


Dcwcin Bcihadur L. K. nnciiithci Krishna Iyer 


Dewaii Balia<iur Dr h, K. Aiianlha Krishna Iyer 
psissed away on the 'idtli of February, 1927, at 
his residence at Palghat in South India. 

lie was a great scholar in etlinology. In 1920 
he was invited by the late Sir Asiitosh Mookerjee 
to deliver a seri(^s of lectures in anthropology at 
the Calcutta University. His lectures were imb- 
lished by the University of (>alcutta with the title 
^'‘[jcctitrers oh FAhtiogmphy**, Ho was then 
appointed as the Univ(jrsity Lecturer in Anthro- 
pology. He organized the Department and acted as 
the chairman of the Anthropology board till his 
retironient in 1922, when late Dr Faiiclianon Mitra 
was appointed as the head of the Department. 
During this period he did exbuisive researches on 
the tribes and castes of Mysore wliicli were, pub- 
lished by the University of Mysore in four volumes. 
Besides these he had many other publications to 
his credit. He was i‘onnectcd with the Indian 
Science Congress from its very beginning in 1914. 
He was made the president of the Anthropological 


section of the Indian Science (.Vmgress on five 
occasions. In 1927 he was also the president of the 
Anthnipologieal secti(»n at Hyderid)ad. 

Ill 1924 Dr Iyer was invited to deliver lectures 
at tlie Universities of Oxfoiil, Koine, Florence, 
Bm’liii, Breslau, Hale and Uolognc, etc. In the same 
year in duly he also attended the International Con- 
gress of Anthropological and Ethnological Sciences 
in London. There he was a member of the Comited' 
Honnor and vice-president in the sections of Ethno- 
logy and Sociology. In 1925 he was honoured with 
the title of Dewan Bahadur by the Government of 
India and with Odiirer d’Academic by the French 
Government. In the same year the University of 
Breslau (Germany) conferred on him the doctorate 
degree (m. i>.). 

He died full of honours, and leaves behind him 
a large number of relatives, friends, scholars and 
admirers to mourn his loss. 

MiHendrmmth Basil, 
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Sir J. Russell at the Indian Association 

During his rm^iiL visit to Cahuilla, Sir J. 
Riissc]!^ tilt; famous agricultural expert, received the 
first award of J. Kissen Miikherjcc Medal at the 
Indian Assoc'iatioii for the Cultivation of Science. 
Sir John later addressed the Association on 
“Alethods in Seieiilific Research.** 

He began by pointing out the diifercnce Iwtween 
science and art, and said that while a S(‘cond-rale 
artist might make very little contrihiition to art, a 
second-rate scientist might render valuable services 
to the community. Sir John Itussell referred to the 
distincrtioii between pure science and applied science, 
and said that whereas the latter made use of scientific 
facts and solved some problems important to the 
commuiiily, pure science, on the other hand, made use 
of them to explain the various phcnoiiiena of the 
universe. The intelleciual activity of the 19th century 
was css(!iitially constructive wlum hy|)othesis and 
theories and broad simple generalizations were evolved 
in considerable numbers. Towards the end of that 
century, the universe seemed to be very simple, 
governed by a few broad general laws w’hi<*h <^)iild 
easily be stated and easily understood. The 20th 
century, on the other hand, had been busily occupied. 

In overthrowing many of the accepted ideas of 
the 19th century, practically aJJ of the great scientific 
generalizations of the 19th century had been discard- 
ed. They were shown to be only rough approxima 
tions'to truth. The 20th century was much more 
critical. It concerned itself with numerous fine 
points of measurement and lcchni(|uc. The result 
was that present-day science was extremely <*om- 
plex — almost uiiiiilelligible to the layman— wliercas 
19th century science could easily be understood by 
any intelligent person and was a very attractive, 
study. 

One of the greatest advances in modern science 
was the working out of methods for estimating the 
extent of errors. Sir John gave illustrations to show 


how by a study of errors it had now IxTome possible 
to make great iliscoveries which would otlurrwise 
have Iwcn ovt'rlooked. *rhcrc had also Ik'cti an im- 
provement in the method of interpreting results. 
Modern methods consisted in making full statistical 
examination of results. These methods had jmi)art- 
ed A degree of eertainty in the. examination of ex- 
perimental data. That was of greatest assistance 
to seieritists. Calcutta was fortunate in that it pos- 
sessed a good statistical laboratory, organized by 
Professor P. C. Mabalanobis, where most modern 
nieltiods were available for use in seientifie investiga- 
tions. Addressing ‘young scientists,* Sir John stress- 
c<l llic necessity of finding lime to study llu‘ great 
classical masterpieces of science -the work of inves- 
tigators, who had opened new realms of seitmtifle 
study. They, he said, showed the way in which 
.scientific investigation sliould be carried out, for 
seientifie inveslignlioii required that mt-n should 
ponder carefully and think well. The seieiilifie 
worker should endeavour ft) present the results iii 
such a way as couhl he utulerstood. 'riie great 
masters of science were always inlelligihh; anti any- 
one who aimed at following seienlilie t‘areer should 
always study the art of iiilelligihilily. l.^n fortunate 
ly, seicnee students rarely fomul time to study any 
language properly and in eonsequenee, lht?y wert* 
harilly able to expres.s Ihemselves propt'rly. 'i'he 
result was tint seieiiee tiiil not receive as niiieli 
attention in modern life as it should, it was not 
entirely the fault of the layman. Scientific dis- 
coveries, he eoiieluded, opened uj) great possibilitifvs 
now as ever before. There was an inen'.aNing fund 
knowledge w'hieh eould Ik’ either utilized for fur- 
ther discoveries or for solving the practical problems 
of the eominuiiit}'. 

Leprosy Relief in Orissa 

In the course of *his speech inaugurating the 
Orissa provincial branch of the British Empire Lep- 
rosy Relief Association (Indian Council), H. K. Sir 
«fohn Huhba<‘k, said that the position with regard to 


SCIENC A 
CULTURE 


504 



NOTES AND NEWS 

leprosy had (changed greatly from that of years 
ago when he first eainc to India. It had Iwen found 
that lepnjsy was mueh more wide-s})rend than was 
first suspeeled, and that the failure li» «h teet it and 

the anxiety of patients to eoiieeal it \v»*re grave 

meiiaees to the |iopulalion as a whole. Against this 
must he set the happy tliseove.ry tliat ilie disease is 
not hereditary, that if taken in time it can he eiired 

and that the danger of infe«'tion ean he greatly mini- 

mixed if TUit entirely eliminated. They were not 
starting from the Ix'ginning in their work, he said. 

had visited the two asylums at Cultaek aiul Puri 
and elinies at Sainhalpur, .loypore, Parlakiiiiedi. and 
llerhamjnir where mueh good work was already 
being done. (Ian jam already had an aelive distriet 
lei)rosy relief eouneil and he hoped that before tin* 
end of the year all <list riels would have sueli eoun- 
eils working with the provineial hraneh. 

Lt. Col. (r. Verghese, Direetor of Health and 
Prisons Servietvs, Orissa, state<l that at'eording to 
investigalions whieh had been earried out in various 
parts of India, Orissa was one of the most heavily 
leprosy -infeeled areas of the eountry. 

“From iiiy own observations,” In* eonlinued, 
“1 am eonviiieed that there is hardly a village in the 
whole of Orissa where one does m»l find at least 
ofie or two eases of h-pp«isy. In some villages in 
some parts of I he proviiiee the iiieideiiee is prc»bably 
.•i per <*ent. or 10 per eeol. nr even more." 

" W'e owe il, therefore," he eoneiuded, "not oidy 
to ourselves but to I lie generations still unborn to 
evolve a lu'ltt'r and happier state of things." 

Imperial Institute of Sugar Technology 

'Pile Tiii])(‘rial liislitiile of Sugar T»*ehnology, 
C’awn])ore, whieh was deelared open by Sir Frank 
Noyee on .Mareii 11, will eoi|iim-n«-e its first session 
in .July. 

An advisory board has been eonstitiited to help 
the Institute diseharge its duties with Sir Hryee 
Hurt, Viee-f’liairinan, ImptTial (.'OUtieil of Agrieul- 
tiiral Ueseareli as ex-otlieio ehairiiiHii and the follow- 
ing mcmlHrs: — 

Dr W. Hums, agrieultiiral expert. Im]iiTial Coun- 
cil of Agrieultural Jleseareh; Air Hrodie, direetor, 
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industrial Iiitelligeiiee Researeli Hureaii; Rao 
Halundiir 'P. S. Venkalramari, (Jovernment sugar- 
eniie expert, ('oimbatore ; Mr R. 'P. Sliivadasani, 
direetor of Industries, W P. ; Dr .1. H. Haldane, 
ehi«d‘ ehemisl of .Messrs Hegg Sulherlan^l, Mar- 
howrah; Dr F. Maxwell of the Hiilaiid .Sugar Fac- 
tory; Mr. A. Das, (iorakhpore, Mr. ,1. C. .Miilji, 
president. Hombay Sugar Mi-rehaiils’ .Vssoeialioii ; 
klian Hahadiir Muhammad .Vbilid .\/ix. superintend- 
ing (‘iigiiieiT. Irrigation Departmt nt , C. P.; and Dr 
S. S. Hhalnagar. professor of i-hcmislrv, Punjab 
L’ni\ersity. Mr R. C. Srivaslava. direetor. Impe- 
rial liisliluLe of sugar leelmology is tin* member 
seerelary. 

CorusKs OK Sti dv 

It is proposed to provide the follow'iiig eourses 
of study in tlie InstiliiU': 

Ax.sov}titi‘sliiit of Ihc Institiitf in Sntfar Technolotjjf 
— 12 students will be admitted every year, the ad- 
mission (pialifieatioii will be a H.Se. degree and the 
<luralioii of the' eoiirst' will he thiaa* years. 

Jssociiitrxhip of the Inxtitntf in Sinjar Entfineering 
12 students will tie admit teil every year, the mini- 
mum admission qiialitiealioii will be a tlegree of 

Hatdiidor in .Meehanieal ami Filed rieal Fiiigineering 
and the duration of the course three years. 

Ei'lhticxliij) of I hr /nslihilr in Sngar Trvhnolugjf 
anti Snfftir Enffinrrrin;/ ( n seareh work or design 
work at the liisliliile .’iml a tliesis to lie siilimitted) — 
lliree students will be admit led l aeli yi-ar for eaeli 
.st*(‘lioii. 'Plir niinimniii admission (pialifiral ion xvill 
In‘ tile .\ssoeiati-sliip of tin- liislilulr or an i-(|iiivalent 
(|iiali(iealion of reeogni/ed insiilnlioiis aliroad and 
the duration <d' the eoiirse will lie two years during 
the non working peri«)d of i-ane fai*lori<*s and two 
seasons’ faelorv experieiiee after (|ualifying for tln^ 
.Xssoeialesliip. 

Sugar lioilrrx' Vrriijicatr ('ourxr 12 sttidents 
will lie admitted eaili year, llie Intermediate Seienec 
FiXatiiiiiation lieiiig the miiiiimmi rpial ideal ion and the 
duration of tlie i'oiirse will lie one year and at least 
two years’ praeiieal ex}»eri« nee of jiaii boiling. 

Shorter courses will he also provhhM in the 
follow’ing subjects for men employeil in factories and 
posst'ssing suitable te4'linieal and aendi inie (piulifica- 
liofi.s;--"chciiiieal control, pan boiling, fuel and boiler 
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control, bacteriology', statist ies and the Dutch lan> 

guagc. 

RRMKAUni WuHK 

Thu following researches arc already in progress 
at the Institute: -experiments in the Ireatinenl of 
factory effluents, eaiie drying, milling, different 
methods of graining in pan boiling, rapid and slow 
cooling in crystallizers, the efficiency of different 
types of condensers and keeping-quality of sugars. 

Special research schemes arc also to be. carried 
out and include the improvement of indigenous sys- 
tems of making sugar. A research and testing station 
has been working at llalari, Moradabad district 
since January, for the testing of and improving exist- 
ing process and machinery used in the manufacture 
of yur, rah and sugar by indigenous sy.steiiis. 

The Hureaii of Sugar Standards which started 
work in March, 19:15, will also be attached to the 
Institute. The. Bureau has as its funedions the 
grading of sugar and .selling up slandards in order 
to facilitah; business An<l lt» ensure unifortnily in the 
qiialily of Indian sugar. 

A scheme for investigating the possibilities of 
utilizing molasses for prejiaring calLle-feed is also in 
hand. Balanced cattle- feeds of different composi- 
tions arc being pri'panul at the cxperimeiilal sugar 
factory with molasses, bagasse screenings and oil 
cakes and arc la'ing despatched to the various ani- 
mal nutrition <'ciilrcs for feeding trials. 

Calcutta University Report 

In the annual rcjmrt of the Syndicate of the 
Calcutta I'niversity for J9:{(i llu^ question of resi- 
dence of the (’aleiilta college, students has been dis- 
cussed. 

During the year,” states the report, ”alMnit 
19,000 students were on the rolls of Calcutta colleges, 
affiliated to the University ineluding those of the 
post-graduate, classes and of the tw(» Medical 
Colleges. Of tliis number about 2,.'500 or a little over 
IS per cent. i»f the total number were housed in 
hostels (collegiate and noii-eoihgiate) and in messes 


(attacdied and un-attached), licensed by the Univer- 
sity. The remaining 16,600 students are to be 
accounted for. Even if it is assumed that two- 
tliirds of the above number of 16,600 students are 
residing with parents or legal guardians, still as 
many as 5,500 students arc untraced and it must be 
assumed that they arc living in unlieenscd and pri- 
vate messes in contravention of the University Regu- 
lations. This is not at all a healthy and desirable 
slate of things, but the problem concerning the resi- 
dence of these students can only lie dealt with by a 
joint effort in whieh both the Government and the 
different colleges coiieerncd must take their share.” 

Regarding the University Students Information 
Bureau, the report states — “During the period under 
review there liad been a large number of inquiries 
liy letters for admission to the different educational 
institutions and engineering works in the U. K. 
Apart from such inquiries by letters the Bureau had 
to deal with a considerable number of verbal in- 
quiries. The total number of inquiries during the 
pt'riod under review had been much larger than 
previous years— while during the last term the 
iiiiiiihcr was near about :J00, this year the. number of 
inquiries amounted to In doubtful points in- 

formation was seeiirtMi from the High Connnissiimer’s 
Office and was platted before the ap})licants. 

“One churaeteristie feature of the year happens to 
be a tcndeiiey among the applicants to qualify them- 
selves for ail educalional degree or diploinu. former- 
ly the. largc.st number were attracted by the engineer- 
ing and tecliiiology section and gt'iieral degree sec- 
tion, hut it appears that a qualification in the 
iiicthods of teaching is considered to lie of value b}' 
the applicants, besides ediK'ation, agriculture, also 
has been another subject which has been taken up. 

“Ut'garding post graduate studies, the niimla.*rs are. 
now on the increase whi«-h einhraecs not only branches 
of .-rts and science, hut also of soil science, plant 
breeding and other fuiidamcrilals of agriculture. 
Aviation cxptrricnce has also been sought for by a 
number of candidates and facilities had been provid- 
ed for them in some of the leading establishments in 
Great Britain. On the whole it is felt that there 
had been this year (^specially a greater tendency 
of our students, to proc*ced to U. K. for getting a 
training in applied sciences specially with referejiee 
to agriculture.” 
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C P. Government and Unemployment 

The Commerce unci industries Department, of the 
Central Provinces Government, \vhieli has examined 
the recommendations of tlic Unemployment Com- 
mittee of the United Provinces, has sii^p^ested the 
drawing up of a .scheme for tlie industrial and eco- 
nomic survey of tlie province with the establi.shmenl 
of re.search workshops in tlie Science College and 
Engineering College lalM)ratories by way of a begin 
ning. 

With regard to the ri'coniinendation made, by the 
Saprii Committee that opportunity should lx* afforded 
to students who have qualified as engineers for receiv- 
ing practical training in firms, the Department ob- 
.serves that in C. P. there is no scope for action on this 
recommendation as there was no institution in the 
province which trains students in electrical 
engineering. 

There is, however, scope in the oil industry, .says 
the Department, in view of the decision of Nagpur 
Ibii versify to establish the T4axmiiiarayaii Oil 'IVeh- 
nologieal Iri.stifiitc. 

A subsidy of Ft.s. 20,000 annually to the Nagpur 
Museum f<ir giving ex])crt advice to cottage indu.s 
Irialists and for I'urryiiig on exp<*rimerital research 
work is urged while a scheme costing Its. I lakh for 
the financing and the marketing of cotton industries 
in the province is considered suitable for adt'.ptioii if 
and when funds permit. 

The scheme, io foster the organization of co opera- 
tive stores employing educated men is not however 
considered suitable as al-so the establishiiicnt of a 
joint stock bank. 

The deputing of a special officer to study the 
working of the Bengal scheme intended to help edu- 
cated men to start small industries is recomincnded 
should fund.s permit while the establishment of an 
Employment Exchanges Bureau uiuh*r the ctmtrol of 
the. Education Department or the University of 
Nagpur is favoured. 

The Department also examined tin* question of 
restoration of posts w'hich have been retrenched but 
sees no need for restoring any post.s at present. It. 
however, suggests the appointment of a Deputy 


Director of Industries to enable the Department to 
undertake tc'chnical investigations. 

Regarding the prescribing by (lovernmeiit of their 
own .standards for »‘ntrv inb» Government .services in 
the eases of subordinate .services and recruilmont of 
new iiicn Ihroiigli competitive <‘\aiiiiiialions or by selec- 
tion, the 1)( partincnt does not sec any need for 
changing the ])rc.sent iiu tliod of r«*crintinent. It, 
however, suggests tlial the age limit of 2.5 years for 
entry int«> .siilxtrdiiialc serviei s should be reduced to 
20 years .so as to eliminate eaniliilalt'S with high aca- 
demic qualifications for the ministerial posts. 

In conclusion the Dcpartmeiil points out the diffi- 
culty of taking immediatt* steps in many of the Sapni 
Committee's recommendations, which it favours, owing 
to a lack of funds. 

Extension of Calcutta Medical College Hospital 

A Casualty Ward fitttal with up to date, equipments 
is the latest aihlition to the Calcutta Medical C\)Ilc.ge 
lIoKpitahs. 'i'he new ward whieh is to ho named as 
“Sir John .\iidcr.son Centenary Bhwk'' was reecfitly 
opened by H. E. Sir Jtibn Anderson in the presence 
of a distiiigiiislu'd gatluTing. 'I'lic Block as at |>rc- 
.sent con.structod contains -H) lu‘d.s - 21* for males and 
Hi for fcmaic.s — and includes obs(‘rvation wards, 
posl-operallve rooms, separate and spacious examina- 
tion rcHtins, iiioderii operation Ibealrt's, X-ray hall, 
and a large fracture room. Suitable aeeomini>dRtinn 
has also heeii provided for emergency medical officers 
and also for male and female .students who will thus 
receive training in proper environments. The scheme 
for the eonstnielion of a casualty ward was conceived 
on the occasion i>f the Medical College Centenary 
Celebrations and its foundaLioii stone was laid by 
n. E. the Govi-rnor on January 2S, 

In the course of his spc(>eh requesting the 
Ciovernor to declare the Block «ipeii. Sir B. P. Singh 
Roy, Minister for laical Self (iovcriiincril, said; 

“Sir John .Anderson Casually Block will fonn a 
vf*ry important link in the gradual expansion of the 
(^ilciitla Medical College Hospitals expansion, which - 
started with the additions of .*i Wards in IK It, aecom- 
iiKKlating 112 IksIs. 'J'hc next pericnl of development 
of tin* Hospital was between 18.52 to IKfl.'t, wdien the 
oldest existing block of Hospital in the present eom- 
jioiind was opened with .*150 beds. During the year 
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1880 to 1HJ)8 tho SJiyaina C-haraii Law Eye Infirmary, 
the Ezra Hospital, I he ('hiinilal St*al Outdoor Dis- 
pensary were addcii. 1 m INJ)!) the Medical (’olJe^e 
j^roiip of hospitals provided ttJ) beds. It was during 
the year ISJM) and the following; years that the pro- 
])o.sal (d' iMiildiii^: a modern siir^ieal hospital was taken 
up and it resulted in tin- opening in IHIO <d‘ a separate 
cotinnodioiis modern surgical hospital known as tin* 
Prince of \>'ales Hospital with SS bids in eomiiiemo 
ration of I lie visit to Caleiitta of His Itoyal Highness 
tin* Prince cd' W ales in liHKJ. I’lie present aeeomiiio- 
datiun in tin' Hospital consists of (>i)S beds iiic‘liidiiif( 
18!) in Haja Debendra Mnlliek Kye Hospital wliit'h 
was 4 )ne «)f the latest additions to tin* Medical (‘olleufe 
^ronp of Hospitals. 'I'he new 'snalty Itloek will 
remove one of the most nrt^ent neecls in the Hospital 
aeeoiiimodation and will add to its amenities. 'I'he 
expansion «)f the (’a lent I a .Medical ('olle^c Hospitals 
has been largely due to piddie munificence and on 
this oeeasion Itm the tradition of eliarity. of the people 
of Heiif^al ainl ('alciitta has been well maintaim'd.'* 

Nutrition 

During: recent years the all important <tucsiioii 
of huiuaii nutrition has been receiving attention the 
world over. In India, also, cspeeially .siru'c the. as 
sumption of the Viceroyally by His l^xcelleney Lord 
Linlith,y:ow, there is evidence of a {^rowing public 
interest on the subject, thanks lari^ely to the cm 
phasis winch His Kxeelleney laid when opening the 
session of the Nutrition Research ('oinmittie of the 
Indian Ilc.scarch Lund .\ssoeialion in Simla last sum- 
mer, on the iiractical hiiiiian iinportanee of the subject. 
On this oeeasion His Kxeelhney tiu* \'ieeroy empha 
siz<‘d the need of practical application in the homes 
of the peo))h‘ of the fruits of researeli work in terms 
of the diet of both the rural and urban populations. 
He also referred to the proposals envisaged by the 
Royal (’onunission on .V^ricidtun* and ciidorst'd by 
the Royal ('ommission on Labour for setting up a 
Central Institute of .Nutrition. lie particularly re- 
marked on the need of establishing a link between 
research on the pnddcins (d‘ hninan nutrition and those 
of a)u:rjeidtnrc and invited the im rnbers to consider the 
expediency of I'Ntablishin;;: a ))oint of contact between 
these two branches of science. 


It will, Uicrefore, be of interest to indicate briefly 
the stops which have recently been taken to make a 
beginning at least in giving eiTeet to this policy. 
While India had in Sir Robert McCarrison and has 
now in his snecessor Dr Aykroyd specialists of 
cininetiec, the ordinary machinery of Ihihlie Healll) 
admiiiistratioii dose not include Public Health 
oflieers with a special knowledge of its leeliiiiqiie or 
special training for propaganda or other activities aim- 
ing at the practical a])pliealion of the results of 
lal>orntory invest igat ions. This was perhaps natural 
in I he early years of nutrition wt)rk, as the first ob- 
jective obviously was to get together the .stnciitifie 
<bita on which practical work c.vtciiding to the homes 
of the people could be bast'd. 'I’his material having 
been brought together by the labours of Sir Robert 
Mct’amsmi and his associates Ath ill the laboratory 
and the fiohl tlie time, is now ripe for a move to ])opu- 
larizc Ificsc results. 

As a first step, tin* Indian Rcscarcb Fund Asso- 
ciatittii liave arranged to holt! a three riionths’ course 
of training during April to July, l‘J87 at the Nutri- 
tion Research Laboratory in Ctvimor for oflieers 
dc])utt'd by tht' Ct'idral and local fiovt'rniiieiits so 
that evt'ry (iovernmt'iil may be t>nabled to have at 
least one oflieer in its Public Ht alih Department with 
spcM>ial knowledge of I he siibjtet. Seetmdiy, the 
Indian Ut‘seareli Fund Association have, on the re- 
eomtiK'iidatioii of Ihe Nntrilion .Vtivisory ('ominitlt'c, 
t'realt'd a post of expert in human nutrition who will 
w»»rk in the Iinpi rial Agricultural Iteseareh liislitiitc. 
Mis function W'ill be to link up tin* results of niilri 
tioiial resean'h on the medit'al si«le with 
agrieidtiiral activity so as if) permit of agri- 
culUirul practice Ix-iiig adjiistid to the iiulri 
tional n'lpiircments of the population. .Vnotlicr 
proposal, which is under active eonsidt'ratioii, is the 
appoinlmeiil nf an .\ssistant Direetor «if Nutritional 
Hes«-ari'li who will taki- charge under Dr .Vykroyd 
of some t»f the experiiiieiilal and rcscari'h work now 
being supervised by the Director and the appointment 
of a limited number of field workers. Lastly, the 
subject of jiropagamla, or as His Excellency jmt it, 
the need for practical application in the homes of 
the people of the fruits of researeli is also being 
eiicrgelit'ally pursued. 

In I!)28 Sir Robert MeC'arrisoii published a .small 
bovik entitled Food whieh has gone through several 
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cdilions and whirh has been also translated into a 
number of vernacular languages. This book has lichen 
widely used by those in charge of hostels, l>oarding 
schools and similar institutions and has bt'cn of great 
value to those concerned in iinjiroving I lie diets of 
the children under their charge, especially when 
Hiianees have forbidden any large additional costs. 
Recently Dr Aykroyd has prepared a Health Hub 
letin which gives the results of his more r«*eent work 
in conneetion with the analysis of 200 eommon 
Indian food stuffs. This bulletin will, it is hoped, 
form a valuable mine of information from which it 
will be possible for piiblie health administrators to 
extract material which can usefully be issued in leaf- 
let or pamphh‘t form in the local V(‘riia(‘ulars. Other 
brief notes such as those recently issued from the 
Nutrition I.aboratory at Conoor on the value of 
skimmed milk are being Issued at intervals. In th(‘se 
several ways, it is hoped to pass on ac(piired know- 
ledge so that those interested may use that knowledge 
for the benefit of the general rural and urban popula 
tions of the country. 

Sir S. M. Sulaiman on University Kducation 

In his recent C’onvoeation address of the Osinania 
University, Hyderabad, Sir Shah Mahammeti Sulai- 
man, ('hief Justice, High C'ourt of Judicature, 
Allaliaba<l, devoted a part of his spcc(‘h to the neces- 
sity of ri modelling the present system of univ<*rsitv 
education. Instead of calling in the financial aid of 


the State, the Indian universities should “grade down 
the salaries of the teaching staff and grade up the 
f<‘es ehargt'd from scliolars, so as to make the two 
commensurable with one another, as in the case of 
Hritisli universities which liavt* the experience of 
centuries behind tlu'in'’. He, therefore, suggests a 
rearrangement of the scale of university fees charged: 
the first divisioner b) be free from tuition fees alto- 
gt'tlier, the second divisioner to pay his fees at the 
existing rate, and tiu* third-class student to be 
charged double the. amount for his univtTsity educa- 
tion. Such a graduated scale of fees would increase 
the revenue and put an indirect cheek on indiscri- 
minate admissions. ‘TJnivcrsity (‘ducalion should l)e 
broadened *)n a new system of .secondary eslucation 
whi<‘h, in addition to giving students a literary and 
cultural education, should also qualify them for par- 
ti(‘ular callings and professhuis, .so that instead of 
unnecessarily proseeuting their studies further they 
may early direct the ir »‘nergies to commercial and in- 
dustrial pursuits, with a betttT ehanee of earning 
a decent livclihoocl.” 

Mr K. P. Chattopadhyay 

^^'c arc glad that INIr K. P. (Hiattopadhyay, 
Kudatitm Offitrr, (!alc‘iitta Corporation, has been 
appointed head of the Department of Anthropology 
of the Calcutta IJniversity, He is a noted anthro- 
pologist of India and has done valuable re.scarch work 
ill the subjci't. He was the President of the Section 
of Anthropology in the Indian Science Congres.s a 
few years ago. 
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Science in Industry 

The Nickel Industry in 1936 

An annual survey prepared by Robert C. Stanley, 
President, llic International Niekel (’oinpaiiy of 
Canada, Idd., states that statisties for the first ten 
months of iiidieale that tliis year will establish 

new records for the industry in the volume and diver- 
sification of world <'onsuinption. Tin's eonsiiinptioii 
of nicrkel in all forms attained a total of some 
1 02, 000, 000 pounds, an inereaso of more than 20 per 
cent over the eorrespondin^ period for 10:15 and 
compares with 112,000,000 pounds in the first ten 
months of 1920. The steel iiidiisiry, wliieh is the 
dominant consumer of niekel, broadened its markets 
and in eoiisequenee substantially inereased the use 
of niekel alloy sti’els. New (‘oinpositions of niekel 
alloy steels in the form of sheets, plate's and other 
mill products for struetural purpeise's, not available 
heretofore, are now beinp: marketed in eonsitlerable 
tonnap's under a lonj? list of tratle names. Of interest 
have been the advanees made, in the stainle.ss steel 
industry during the past year. Not only is more 
niekel lieiii^ used, but tlie standards of <|uality of 
fini.s1ied sheet and strip produced by the principal 
inariiifaeturers are bein^ steadily raised. In atidition 
to these two conventional ])rotluets in the stainless 
steel series of alloys there is a marked increase in 
output of W'ire and tidies, and the ]>roduelioii of 
special alloy compositions .suitable for maeliiniii^ has 
further expanded consumption. Con.sumption of 
nickel in plating is making' notable strides cspreially 
in Kiirope. This is bein^if stimulated further by the 
advent of bright plating. While still in the early 
stages of application in tlu*. United Kingdom and in 
Europe gt'iierally, the process is making substantial 
progress in the United Stales. Thus, nii-kel flows 
in various forms through an increasing diversity of 
channels into the industrial processes of the world. 

— Journal of the Frank. Jnxt. 

Manufacture of Sulphuric Acid 

A way in which India might inaniifaeture sulphuric 
acid from indigenous resources is suggested in a bul- 


letin issued recently by the Industrial Rc.seareli 
Hiireaii of the CTOvernmcnt of India. 

Oiu' of the basic eheiiiieal needs of industry is 
siilphurie acid, and at present all the sul])bur required 
for the inaniifaeture of siilphurie acid in India has 
to be importi'd. Heeeiitly prizes were offen'd by the 
Industrial Heseareh llureaii for research papers of 
value to Indian industry. Aiimng tho.se to receive a 
prize was a paper submitted by lliree people -Dr V. 
S. Diibey, M. 11. Raiie. and M. Kanakaratnam, wdio 
dealt with the. {ireparatioii of alumina and sulphur 
dioxide from hauxite-gy])siiiii mixtures. 

In tluir report, the authors point out that the 
eiiily material eoiitaiiiiiig sulphur available' in large 
fpianlitie's in Tiielia is gypsum. 'riiey eeuielue-te'il a 
tiiiinlu r eif experiments whie'h preiveel that it is pe)S- 
sible to obtain sulphur dieixide freim mixtures eif 
gypsum anel bauxite heate'd to high lempe'ratures. 
Neil only is sulphur dioxide eihtaiiieel, but also (|uan- 
litie'S of aliiinina, freim wliie'b aluminium anel aliimi- 
niimi salts mav be maniifae'tiiri'd. 

Television Exhibition 

'riie lirsl public exhibition deveileel se>lely te> ilie 
developriie'iit anel nieiele'rii attainnie'iits eif televisiein 
is to be eipeiHMl at the Seie-nee Miise'iitn at South 
Kensiiiglem e'arly in ,Tune*. It is expevted that the 
e'xhibititin will re-main open feir three months. All 
the* ]irineipnl Hrilish iTianiifaeturers inleresle'el in the 
th'velopment of television are eei-operaling with the 
Rnei'o Manufacturers’ Asseieialion, and the R. H. (’. 
lei make the exhibition truly repre'.seiilalive, and it 
is expected that it will elo mueh Inwards spreading 
a wider appreeiatiein and understanding of modern 
te'levisiein. 

The history of televisiein may b<i sail! to dale 
freini the year 187:i when a telegraph eiperator named 
May discovered that the electrical resistance of the 
metal Selenium was altered bj' and ever since 
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1880 experimenters liave attempted to send pidiires 
and scenes, first ])y wire and then by wireless. It is 
only now, IioweA-er, that the development of apparatus 
and teehni(|ue have made possible the inaiii^iiralion of 
an official television broadcasting servii‘c. on a high 
definition standard. 

The exhibition at the Science Museum will illus- 
trate tile development of the subject ;ind will show 
the simple principles of modern television. In addi- 
tion, dcmoiiNf rations will be given of the 11. 11. C. 
programuu's on inoderii receivers and a local trans' 
iiiitlcr will b(‘ shown in operation so that the receivers 
can operate when no 11. 11. (\ transmission is avail 
able. 

The World Production of Aluminium 

'I'he world production of ahimiiiiuin was increased 
by r)!) p.c. in n).‘15 as is seen from the figures; 

tons ill l!):!.! and I7(),S()<) tons in UKlt. Of 
this incr(‘as(‘d |)rodiiction fi.S.SOO tons came from 
Kurope and tons from AiiU'i'ica. hi Kiiropi* 

the increase of [irodiietion was mainly din- to Oermaiiy 
(7U,U0U tons in IP.M.'j as against M7/J00 tons in lUtOj, 
hut liiissia also eontriliuted a large jiart. In I!)*ll 
Kussia produced only 100 tons of aluininium, but 
this [iroductioii increased to 11<,1<0() Lons in 10:j4 and 
2 1', 500 tons in 1085. During the last two years 
Sweden and Hungary have* entered tin; field of alumi- 
nium production (1,S00 and 800 tons respci'tively in 
1085). For the figure of aluniiiiium production in 
1080 the increased production in (Laly must be taken 
into account. It is now only a (jiit'stioii of time that 
llollamb Yugoslavia and C/cclioslovakia establish 
their national industry of aluminium. 

OuLside FiUrope, .Japan has increased her aliimi- 
niuiii production in a remarkable manner: 700 tons 
in 1081 and twOO tons in 1085. In U. S. A., tlie 
produetion attained its maximum in 1080 with 
108,000 tons, but in 1085 it fell down to 51,100 tons. 

'rile following table gives the figures of produc- 
tion (in thousands of tons) of aluniiniiim in different 
countrit'S during the last few years: 

1020 1082 1088 108 1 1085 
Germany 88.8 10.2 18.0 37.2 70.7 

Russia 0.0 l-.l. 1 1.1 2 1.5 


1020 1982 1033 1984 1935 


F ranee 

29.0 

M.5 

11.5 

10.2 

21.8 

Norway 

20.1 

18.0 

15.5 

15.5 

10.0 

Great Jlrilaiii 

18.0 

10.8 

11.0 

18.0 

15.1 

Italy 

7.0 

18.1 

12.1 

12.6 

14.0 

Swit/.erland 

20.7 

8.5 

7.5 

8.2 

11.7 

Austria 

2.7 

2.1 

2.1 

2.1 

2.5 

Sweden 

- 


, — 

0.8 

1.8 

Spain 

1.0 

1.1 

1.1 

1.2 

1.3 

iiiiiigary 

— 

— 



0.3 

Other Kuropeuii 






C\iuntries 


U.l 

0.1 

0.1 

0.1 

F.iirope (total) 

18ti.7 

SS.l 

S7.2 

121.0 

179.8 

i;. s. A. 

102.1 

■17.ti 

88.0 

88.0 

64.1 

Canada 

1.2 

IS.O 

10.2 

15.5 

20.0 

America (total) 

lUfi.8 

05.0 

51.8 

40.1 

74.7 

tlapan 




0.7 

4.7 

'[’olai 

2S0.S 

158.7 

1 12.0 

170.8 

260.2 


(‘ontrary to what lias been said for the production, 
the consiiniption of aluminium reached its maximum 
in 1085: 270,000 tons in 1020 .and 807,000 tons in 

1085. (ierniany is the griatest consuming country, 
'riu* following tabh‘ gives the eonsumplion of different 
t‘ounlries in the last few’ wars: 



1020 

1082 

1088 

1084 

1935 

(fcrmaiiy 

80.0 

10.1 

28.8 

52.5 

87.0 

Cireal Jlritain 

80.0 

17.5 

10.0 

28.0 

28.4 

Russia 

0.0 

11.5 

15.0 

10.5 

25.0 

Fraiic’c. 

25.0 

15.0 

U.O 

18.0 

24.0 

Italy 

0.8 

5.5 

7.3 

0.4 

15.0 

Switzerland 

8.0 

4.5 

6.5 

0.5 

7.0 

Other J'.uroijcaii 
(\niii tries 

8.0 

0.0 

0.0 

10.0 

12.2 

F.urupe (total ) 

125.8 

70.1 

08.1 

188.9 

198.6 

V. S. A. 

180.0 

48.0 

50.0 

74.0 

87.6 

C'anada 

7.0 

5.0 

4.0 

5.5 

5.2 

Other American 

Countries 

7.0 

5.0 

1.5 

1.5 

1.5 

America (total) 

187.0 

58.0 

55.5 

81.0 

94.3 

.lapan 

18.0 

5.8 

4.0 

5.8 

12.5 

Other Asiatic (kmntrics 18.0 

0.7 

0.0 

0.8 

0.8 

Aihslralia 

0.7 

0.2 

0.2 

0.4 

0.8 

i'olal 

270.0 

188.8 

158.4 

220.9 

307.0 


1\ C. *S. from Nouvelleit de la Chimie, 
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The World Production of Mercury 

The protlu(!ti(m of mercury alLaincd its muxinuim 
in 1929 with 5(i00 tuns; it fell down to 200 tons in 
1983 and again increased to 3400 tons in 1935. 90 

p.c. of this production come from Europe.. Jn 1924 
Italy -occupied the third place among the mercury- 
producing countries^ coming after Spain aiul U. S. A.^ 
but owing to gn-atcr demands it has duuhh-d its pro- 
duction and now occupies tin*, second place, the first 
place being retained by Spain. The following table 
gives in tons the prodiurtioii of mercury in diifi'rc-iit 
countries : 



1934 

1935 

Spain 

1096 

1232 

Italy 

44] 

880 

U. S. A. 

532 

604 

Russia 

267 

300 

Mexico 

158 

216 

Czechoslovak in 

26 

69 

China 

102 

45 

Bolivia 

19 

15 

Other (.\iuii tries 

14 

17 

Total 

2652 

3378 


The market is suppiic<l chiefly by Spain and Italy: 
Mexico has equally increased its export in 19.35. In 
1933 Spain exported 2288 tons of mercury; of this 
688 Ions went to Kiiglnnd, 522 to Ht’lgiiim, .'it!) to 
U. S. A and 210 to (icrmany. 


It may be recalled here that the Spanish Italian 
cartel of mercury ended in 1936. It had been 
established in 1927 in order to maintain tlie high 
price of mercury of that time (X 20 for a Imttle of 35 
Kilos) as also to fight against American and Mexican 
competition. These objects, however, were not attain- 
ed; the price fell down to X12-X13 in 1935 owing 
to the greater eofisuinption by Italy in time of the 
Ahyssifiiari war. As to foreign competition, it goes 
on developing. 

Just at present the exploitation of the mines at 
Almadcii in llic province of Cindad Real lias not been 
iifTccted by the Spanish civil war, as has been the 
ease with the copper mines of Rio Tinlo, the metal- 
lurgical mines of Riscay and the collieries of 
Austuri(‘s. Even if the Spanish production of mer- 
cury is totally suspended, Italy, U. S. A., Mexico, and 
Russia would ho able to supply 3000 tons, wliich 
figure rcprcsciils the average consumption of the. last 
five years. 

T. C. S. from \ou7'pHi‘x df la Chhnip. 

Ghee Analysis 

(Ihoc forms such an important iU.-in in the Indian 
dietary that a thorough clu'mical investigation of its 
nature is of great im))orlanec. Such invi-sLigations 
are all the more important because ghee, is so often 
sold in the market in an adulcraled form with si'rioiis 
eonseqiieiu-es on the public health. We are glad to 
publish below an article on ghee-analysis by Professor 
X. X. (fodhole who is a well-known worker on Ihe 
snhjief and Mr V. V. Ketkar. 
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tvolution in tlic Chcniicul Mctliods of (iliec /’liuily.sis fi '0111 Reichert 
Meissl Value (1870) to Butyric Acid Number (1027), 
ciiicl ib Modificcition (1035) 


M. M. God bole 

ProfeFB'irof IniliiHtriHl Ch-'inistry. BcnarcH Hindu llrii verity. 

V. V. Ketl<cir 

(jIuc or biittcrfal is llu- faity pt»rlioii srparatt-d 
from lilt; milk of a tow or a biiffalo. 1 1 is wt-ll 
known that ^lict* forms an iiiiporlanl anti iiffcssarv 
nourisbiiif^ food arliolf, fspceially to the vofjri'.tarian 
in India, and very larjrt; tpiantitics arc consiimod. 
Dm; tt) tilt; hij'li prico of bultorfal as coinparod willi 
the olher oils and fals, fraudulent adulteration of 
butter fat is profitably earried on by dealers, on a 
very large scale. 'I'he problem of thdermining the 
purity of butlerfnl is thus of very great importance, 
'riic adulterants* mostly used are eoeoanut oil, inoliua, 
hydrogenaled oils, etc. Likt; all olher oils and fals. 
biitterfal is a mixlure of glycerides of various fallv 
acids. 'I’he proportion of the eonsliliient fatty acids 
in the. total fatty acids <if an average sample of 
butlerfat is given below. 


'I’abi No. 1. 


Name of aeitl. 

Proportion* 

llutti 

•rf.it.** 



’er.nge. 

(’ow. 

Hiitralo. 

llutyrii- 

.3.1 

.3.1. 

1,0 

kO 

(-aproie 

1.7 

1.!) 

2.0 

2.0 

C'aprylie 

U.N 

0.!) 

0.0 

O.P 

Caprie 

l.Jf 

- 2..3 

2.0 

2.0 

Laurie 

.3.1 

— i-.;i 

1.5 

1,0 

Myristie 

P.7 

lO.S 

10.0 

0.0 

Falmitie 

27.(i 

28.1 

20.0 

.31.0 

Stearic 

8.5 

—12.2 

10.0 

12.0 

Oleic 

. 3 : 1.1 

—.30.1. 

.31.5 

.30.0 

Jdnoleie 

.3.7 

..... r;..!. 

.5.0 

1.0 

o\raehidj(; 

0.5 

- - 1.0 



lin.sapoiiifiablo 



1.0 

0.15 

Total 



PP.P 

00..35 


* Hihiitch iS: eoworVers ; Analyst 54, 75, r)2‘> ; 55 , 


(jodho'e it Sadgopiil : (P'xtrael U om {hr Thesis, 
suhiintteil to the H. H. riiiversity, hir llie Doctorate ilcgree) 


broiii the data given above, it can be s«‘en that 
butlerfat differs from most of the oilier oils and fats 
ill two respects. Firstly the eoiiteiil of the lower 
fatty aeitls up to is high, and secondly butyric 
acid is present to the e xtent of about .3.5^/,. Most 
of the chemical methods for the estimation of butter- 
fat are based on these two important and characteris- 
lie vahu'S, besules the dett'rniination of the refractive 
index also.~ 

()m‘ of the important metiiods for the separate 
estimation of the individual (‘on.stiliient fatty acids 
of an oil or fat. is llu* nu t hod of separation of the 
methyl esters of the fatty aciils by fractional dis- 
tillation iinilcr reduced iiressun*. 'i'liis method is 
however very laborious and nspiires a large quantity 
of the sample under examination. Tlu* first practical 
method proposed for such work (estimation of butter- 
fat. eoeoanut oil. palmkernel oil etc.), which can bi* 
earrieil out on a small sanqde. was eiiuneinted and 
earried out by Hiieherl.* This method with the. 
modifications of Meissl and Pohnske is widtdy used 
for the estimation of butlerfat. eoeoanut oil and 
palmkernel oil. 'The method is basisi on the estimation 
of a di'fiiiite portion of the steam-volatile fatty acids, 
obtained under detiniti* einpirii'al eonilitions. The 
detaileil method is given below. 

Estimation of the Reichert Meissl and Polenske 
Values'* 

Dejinithm : Tin* Reielierl Meissl value is repre- 
seiileil by the number of e.e. of N/IO alkali required 
to neuLralixe the steam volatile and w'ater soluble 

1. (io4lhole ;iiid Sadgopal ; Hutterfat^ p. 3, 

2. ('.oilliole :nul Sadgapal H utter fat p. 27. t'^SO. 

.1. Reietieil: /tschr. analyt. them, /if, H<), t.s75. 

■1. Wi/.f)ir, Kinheitliche Unterauchunysinethoden 
die FeU~und~Wachs Industrie, p. 85-87. 
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fatty acritls ubtaincil by the prescribed method^ from 
exactly 5 gins, of the fat or oil. 

'Fhe Polenskti value is represented by the number of 
c.o. of N/10 alkali required to neutralize the steam- 
volatile and water- iiisoluablc fatty acids obtained by 
the same procedure from exactly 5 gins, of the fat 
or oil. 

Procedure’. Exactly 5 gins, of the sample are 
weighed out into a 300 c.e. round bottomed Jena 
Hasky and are saponiht'd ovtT a diri'et llame^ with 
2-1 c.e. glycerine and 2 c.e. of aqueous KOIl (•'50%). 
'J'hc saponification is carried out with care and wilh- 
oul overhealhitj, until the contents of the flask are 
quite clear. When the. contents ha\c cooled to H0°C\, 
00 c.e. of freshly boiled water at the same tempera- 
ture are added. 'Jo this, aO <*.<*. of dilute siilphiirie 
acid (25 e.e. of eon. iloSOi per litre) and O.ti to 
0.7 gm. of pumice powder are addl'd. The Mask is 
immediately closed and tlu' contents are. distilled in 
the prescribed apparatus in sueli a way that 110 c.e. 
of the distillate are obtaineil in 10 to 21 minutes. 
When exactly 1 10 e.e. are reeeivcil, the Haine is re- 
moved and tile receiver is replaced b}' aiiotJier cJc*aii 
vessel. The receiver is dipped in water at for 

10 iniiiiiles. 'I'he distillate is then shaken thoroughly 
and filtered through a .smooth dry iilterpajicr having 
a diameter of 8 ciiis. If llic filtrate is not perfectly 
clear, it is shaken with a little kieselgiihr and rc- 
filtered through the same filterpaper. 100 c.e. of the 
filtrate are titrated with N’/IO alkali using 3 to 1 
drops of a neutral alcoholic 1% .solution of pheiiol- 
phthalein as an indicator. A blank is also carried out. 
Calculation: K. M. value~l.l (a-b), where a-~c.c. 
of N/IO alkali req. in the main cxpl. and b 'c.c. of 
N/IO alkali req. in the blank expt. 

Procedure for R. P. Value 

In order to remove completely the water-soluble 
fattyacids, the eouden.ser, the .second receiver, and 
the first receiver arc washed sueei:ssivcly three times, 
using 15 c.c. of water each time. Each 16 c.e. of 
wash water are filtered through the filterpaper pre 
vioiisly u.sed. In order to ilissolve out the remaining 
W'atcr- iii.soluble fatty acids, the above, mentioned 
vcssel.s arc washed with 1)0% neutral alcohol in an 
exactly similar manner^ and the wash-alcohol passed 


each time through the filterpaper. It is to be re- 
inembcred that the second and the third 15 c.c. of 
alcohol arc transferrcul to the filtc^rpapcr, only when 
the first and second have completely drained out of 
the filterpaper. 'I'hc total alcoholic .solution is titrated 
w'ilh NyiO alkali as Iwfore. 

Calculation: I’olenske. Value=c.e. of N/lO 
alkali req. for the titration. 

The Drawbacks and Shortcomings of the R.M. and 
R. P. Values as applied to Butterfat Analysis 

“The classical method for estimating the purity 
of butterfat and cocoaiiut oil, is the determination 
of the K.M. and ll.P. value.s. 'riie. jirocedure of tlur 
method is such that the actual results obtained are 
quite different from those theoretically aimed at. 

'riic distillation of the fatty acids proceeds from 
beginning to end in a three pha.st* .system: 

Aqueous .solution/ Insoluble fattyaeiil.s/ vapour phase. 

The insoluble fatty ac'ids behave as a powerfid 
.solvt'iit towards the fattyacids in the .aqueous solution. 
The result is that tin* volatilization of the wattTsoluble 
fattyacids is ehcekt'd. lii a similar maiiiu r the \olati- 
lization of the watcrinsoluble fattyacids is al.so hinder 
cd. 'fhe yield of the total volatile fattyacids is thus 
much less than the theon'tical amount e-\pcclctl. The 
agitation of the waterin.solid)le fattyacids by the 
stream of water vapour, which takt'S place whih* tin* 
distillation proeei'ds, has an undesirable etfect. 
Laurie and inyristie acids ilistil over to an appreciable 
extent, while palmitic acid can also be detcett'd in 
the distillate, (’ocoabuttcr which docs not contain 
even traces of lowt*r fatly acids, gives a small I’oleiiske 
value due to the reasons mt'iitioned above. 

“'The .si'paration of the watersoluble fatty acids 
from the waU'r in.soluble ones is done by simple fil- 
tration, w'ith the result that the in.soluble portion con- 
tains traces of butyric and eaproie acids^ while the 
soluble portion eontaiiis mo.st of the butyric and 
eaproie acids appreciable quantities of eaprylic 
acid, and measurable quantities of eaprie acid. 
Thus butyric, eaproie, eaprylic, and caprii? acids are 
estimated partly in the .soluble ))orLion and partly in 
the insoluble portion. The size and .shape of the di.s- 

5. J. (iro.ssfel 1 ; Fette und Seifen. July, Piu, pp. 10i)-l0l. 


SCIENCES 

CULTURE 


514 



CHEMICAL METHODS OF GHEE ANALYSIS 

tillinfir arrangement greatly influences the R.M. and 
R.P. values, whieli is a great disadvantage. 

In order to effect a more complete separation of 
the fatty acids which are characlcrislie for hutterfat 
and cocoanul oil, two arlificos are generally employed. 

(1) Separation of the water-soluhlc fatly acids 
from the watc*r insoluhle ones hy tillralioii before 
distillation. 

(2) Separation of the higher fatly acids by pre 
cipitation of their Mg soaps by means of ^^g SOI* 
solution. 

'I'he first artifice is employed with a s]U'(‘ial modi 
Heat ion by (Jrossfeld for his Hnt i/nc acid value.*'* 

'flic Second arliliec has been employed by S. H. 
Herlram and his co-workers for esliinating the A and 
/f z^alurs.'** 

From Reichert Meissl to Butyric acid value^’ 

After UeieliiTl, a good many workers in the field 
have deviseil methods for the estimation of biittei*fal 
and eoeoainit oil, depending upon more or less similar 
prineijiles, .Most of the earlier niethods have been 
given up ill favour of the more recent improved 
methods. All these* methods^ are given below in the 
onler of their seijueiiee. 

Methods hasid on the seintratitni o/ the silver soaps. 


1. 

Caprylie acid value 

.Iciisen 

1005 


('aprie acid value 



:t. 

Kirsehner value 

Kirsehner 

1005 

4. 

First, and .second Sil 

Wij.siiiaiin 

loot? 


ver value 



5. 

First and .second cap- 




rylie value. 

1)on.s 

1007 

Oth 

er metallic salts 



(5. 

Copper value 

Mellicr 

1007 

7. 

(."admiiiin value 

Paal Si .Vmberger 

1000 

8. 

Rarvta value 

Firlseh 

1007 



A VC I.allcment 




Kwers 

1010 

.9. 

A and Jl values'^ 

Rertram, Ros and 



V 

Vcrhageii 

1028 

10. 

Jlutpric acid value" 

.T. Grossf 

1027 


b. J. ('.rossfehl iiinl J. Kiililnianii : Z. Vnters.d. Lehetot- 
mittet, 51, .Ti, 102/i. 

7. S. II. Bi-rtraiii, II. (*.. Bos, and V. Verliaj;en : ('Item. 
Weekbl., 20, blO, 1923 ; Chem. Zentralhl. 50, 244, 1925. 


The R.M. and R.P. values and the Kirsehner® 
value have been uptil now the <*lassical methods for 
the e.stimation of butterfal. 'flic dcscri])tioii of the 
Kir.scliiier value also is therefore given below in detail. 

'rill- Kir.seliiier value represents the number of c.c. 
of X/lO alkali recpiired to neiitrali/.c the R.M. fatty 
aeids (eaniainiiig a s]aeifieil rpiantity anil obtained 
under definite eonditions) the silver salts of which 
are soluble in a(|ueous .solution, 'fliis value, therefore, 
primarily represents the ainoiint of butyric acid con- 
tained in an oil or fat, but is liahle to an error due 
to the presence ttf caproic acid. Caprylie acid and 
the higher liomologiies are howexer without any in- 
fluence. 

Procedure ‘. 100 e.e. of tlie disliliati* as obtained 

in the li.M. apparal us hif the li.M. procedure arc 
neutrali/.i‘d with N/lO baryta solution, and O..*) gm of 
finely powdered silver sulphate is adiled. 'fhe mix- 
ture is allowed to remain for one hour with repeated 
.shaking, 'riie licjuid is then filtered, and 100 e.c. of 
the filtrate art* transferred once again to the R.M. 
di.stilling apparatus. e.e of water are added along 
with 10 e.e. of dilute sulphuric acid (2().2;1 e.e. cone. 
IluSOi in litre) and a long pieci* of aluminium wire. 

110 e.«*. arc then distilled in 20 minutes. 100 e.e. of 
the distillate are then titrati'd with N/10 NaOll solu- 
tion, using phenol plithalein as the indicator. A blank 
test is carried out in a similar way. 'flic Kirschner 
value is ealeiilated for 5 gms of the fat, as follows: — 

a e.c. of \/l0 baryta solution reipiired. 

b ■ e.e. of N/10 NaOlI .solution reipiired for the 
etiii titration minus that reipiired 
for the blank titration. 

The Klr^rlitt,-r valm /'x I Jl (10(t ) ti) 

ID 

'flic Kir.sehner value Inis often been described'" as 
a value as useful as the R value. It is however nol 
.so since the determination of the Kirsehner value is 
ba.sed on the estimation of the butyric acid obtained 

111 the distillation bp the U.M. method, the defects and 
inaccuracies of tchich haz'e been discussed aboi'c. 'riie 

8. rtrun ; Analyse der Frttc itvd Wachse. \i>l. i. ]i. Ii/>, 
P»25. 

‘L Kirscliiier: Z. Nahrtfsm. H<l. ]>. (»s, I‘K15: ( fruii : 
Anulpse aer Fette and Wachse vol. 1. p. 170 1‘>2.S. 

10. Herbert Hawley, j). HI 5 SIT, ('urrent Science, May 
193t). 
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A. and H. values are a development om all ihe older 
values iitcludinff the Kirschner value. It lias been 
fminted out in the iliseiission on the R.M. procedure, 
that the separation of the low<*r fatty acids as water- 
soluble and water- insoluble ones involves certain fun- 
damental errors, 'riiese errors are eliminated in the 
ease of the fractional ]ireei|>ilfilion method as followed 
in the A and H value ‘ ]>roeedure. 

One outstandini;: atlvanta^e of the A and H values 
over the similar and older values, is the very 
narrow ran^e foiinil for pun' samph's of biiltt'rfat. A 
eomparativt' tahh' of (he R. P. and A. and H 

values of a number of biitterfal samples cif known 
purity, is pven below. (Results rmt yet ])ublished). 

A Tabular Statement for R. M. R. P. and A and B 
Values of the Same Samples of Butterfat 


'rahie No. II. 


Source. 

R.M. value. 

R.P. value. 

‘ .V value. 

B value. 

Cow 

21.0 

0.7 

(1.5 

55.0 

„ 

25.5 

0.75 

(1.5 

55.5 

Buffalo 

21.(1 

0.85 

(1.8 

55.0 

Cow 

2(1.4 

1.74 

(1.5 

52.86 


27.0 

1.8 

(1.4 

55.5 


27.75 

1.15 

(1.5 

51.0 


28.11 

0.85 

(1.2 

55.0 

„ 

20.2 

1.1 

(1.2 

55.5 

Hiiffalo 

20.85 

1 .05 

(1.4 

55.0 

(-OW 

50.7(1 

0.0 

(1.5 

55.2 

„ 

5 1 .0 

1.5 

(1.2 

54.0 

Buffalo 

52.5 

1.75 

(1.5 

55.5 


55.55 

1.55 

(1.55 

55.0 


5 t.O 

1.55 

(1.5 

5 4.0 


55.0 

l.Ci 

(1.(1 

55.5 


{\ote: 'rile above values have been (piolcd from 
the maniiseripl in press (»f the revis<*d edition of the 
book on butterfat by Prof. Dr N. N. Ciodlnde and 
Mr. Sad^opal, M.Se. of Henari's Hindu University). 

Some erilirs iif the A. and H. values have ref<'rn*d 
to results (pioted by Kiinij^," in order to show that the 
H values of certain samples of butterfat vary within 
wide limits. 

11, : rnteisiif liiii)^ 1aM<lvvir1.srh:i ftlieh u. hind \v. 

gewerblich wichtii^er Stotf, Vol, 11, p, 720. 


Dr. Bleyberg referring to this quotation from 
Konig writes to us as follow.s. 

Ejciraci from the letter to Dr. Godbole, 

'*1 have looked up Kiitiig's book, at the library of 
the. Deiitsehe Cheinisehe (lesselsehaft. 

As to passages quoted by your critic, the following 
data occur on p. 720 of v«»l. 2 in the following form: 

'rile A value is (b) Por butterfat-- ii.7--7.I. 

'rill' R value is (a) Por butterfat 20.7 — t.'l.l 

If you compare these figures with those given in 
llolde's Oth edition, p. (>2;i, table 151, you w'ill sec 
that they only represent a summary of Hertraiii’s own 
figures quoted in Holile's table, but unfortunately 
Kbiiig's summary eontaiii-s two mistakes: 1. The 

lower limit (20.7) is obviously a misprint for 20.7, 
whieli would correspond to Holde’s figure of 20.07 ; 
2. Ktiiiig entirely overlooks the fact that the extra- 
ordinary high value lit. 10 of butterfat no. 5 relates 
to rancid Australian butter and, therefore under no 
eireiimstancrs ought to be itu'l tided in the range of 
normal butlerfats. Conseqiienttif both of the limits 
(fiven hif Kiinitj for 11-values of butlerfats are wrong.** 

'Pile butyric acid value is a development on all 
the other values mentioned above, 'riie. procedure 
for the dt'termination of this value is givt'n below'. 

Butyric Acid Value® 

'J'he butyric acid value stands for (he no. of e.e. 
of N/lO alkali required to neutrali/.e the amount of 
acid obtained by distillation from 5 gins of a fat 
wdiieh after saponification in aqueous solution is 
.satiiratt'd with sodium sulphate and eaprylie acid, and 
acidified with sulphurio acid. 

Procedure: .'i gins of Ihe fat under iiiv(‘stigatioii 
are saponified with 2 e.e. of aqueous KOII solution 
(750 gins KOH in litre), and 10 e.e. of glycerine in 
a ;t00 e.e. round bottomed fla.sk, carefully over a free 
flame. The clear soap solution is allow'cd to cool a 
little, and diluted with 100 e.e. of distilled water. 
After cooling the .solution to about ,50 e.e. 

of dilute siilphurie acid( 25 e.e. cone. H^SO^ in litre) 
are added. Now' 15 gin.s of anhydrous .sodium sul- 
phate arc gradually added and dissolvi'd in the. mix- 
ture, and 10 «‘.e. of a 10% eoeoanut-soafi solution are 
added- 


SCIENCE A 
CUL rUR E 


516 



CHEMICAL METHODS OF GHEE ANALYSIS 

[Preparation of the cocoanut soap nolution: 10 
gms of pure cocoanut oil (known in Clcrmanv by the 
trade name of Palmin) are saponified with I c.c. «if 
aqueous KOH solution of the same strength as that 
used above, and 10 c.c. of glycerine in a .Jena lla.sk. 
When the saponification is complete, the .s»iap is 
allowed to cool and is then diluted to 100 e.e. with 
distilled water. (“/IV have used Tonicos pure eoenti- 
nut oil as a suhstiliite for palmin and found H he 
perfectly suited for the experiments**) - -.\i"nious. | 

After adding the cocoanut soa|i .solution, 0.1 gni 
of kiesclguhr i.s added and the mixture is shaken for 
about 10 minutes, 'riie mixture is then filtcre<l 
through a dry fluted filler paper having very line 
pores. 'I'lie filtrate thus obtained iniLSt In* perfectly 
dear. 

125 e.e. of this filtrate and 60 e.e. of distilled 
w'ater are taken in a 500 e.e. round bottomed distilling 
fla.sk. Some jnimiee ])owder is added and the liquid 
is distilled until 110 e.e. of distillate are obtaiiusl. 
The distillate is titrated with N/lO alkali, (indicator 
1"4 phenol plithalein). 

liulifrle acid value 1.1. (a-b); 

where a e.e. req. for the main titration, 

«nd h-- blank „ 

The butyric acid value for hutterfat is about 20, 
ami for eoeoaiiiit oil about O.P. 'Flic butyric a< id value 
eorre.s ponds to the pnqiorlioii of butyric and eaproie 
acids whi<‘h are eharaeteristie for hutterfat. 'riu* 
separation of the butyric and eaproie aeids from the 
other acids i.s made sharp by pretieally saturating the 
solution with Na 2 S() 4 , (KjSO^ also .serves the j)ur- 
po.se) and eaprylic acid. The error which might have 
arised from the eaproie acid in the eoeoanul .soap is 
balanced by the same amount of eaproie acid in the 
blank experiment. 


A number of trials have recently li^ taken in 
the B.H.U. laboratory on the estimation of the Buty- 
ric avid numhert with the, help of .some standard 
butters from the Indian market. The values obtained 
(in each ease an average of txco tests) are quoted 
below. 

Some Experimental data on the Estimation of 
Butyric Acid Value 

Table No. III. 

Sample. Hulyrie acid value. 

1. From Poison’s butter 



(August sample) 

2<>.0 


(Septi inher samiile) 

25.7 

;i. 

(Oetolwr sample) 

25.7 

I. 

( .November .sample ) 

25.P 

5. 

From I.ord’.s butter 

25.1 

1). 

„ Dairy butter of tbe 



Agrieulliiral Institute of 



Allnhabail 

21.1 


It is interesting to note that whereas Kuropcan 
.samples of buttcT, as quoted by Oro.s.sfeld,'' give a 
butyric acid riiimher of about 20, (and 18 —20 as 
given on page 85 of the Milvlncirtsehaftliehes Tas- 
vhen hitch IDlPi), the Indian sainples, examined so 
tar, give an average of about 25.2. One possible, cx- 
plaiialion i.s to be found ])erha))s in tln‘ fact that 
most of the Indian e<»w.s and hiilfaloes are fed very 
largely on green gras.s and leaves (particularly in the 
months of August. Stplember. etc. .see table No. Ill) 
and therefore they show a greater content (»f hulyrie 
and eaproie aeids; whereas, the Kuroiiean Imlters 
obtained from eote* fed on eahes, yield more of the 
higher glycerides and less of the lower ones. As the 
nmnher ol samples tested so far in this laboratory i.s 
small it wouhl not he advisable to arrive at anv definite 
eorielii.sions. Further work on this suhjeet is in 
progres.s. 
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Magnetic Moments of Neutrons 

Tlio neutron wliieli is tin* latest element dis- 
covered by (Mnulwiek in lll.'l'i eontiiiiies still to pii/zb* 
the investigators (»n aeeniiiit of its strange and iiii- 
expeeted fihysieal pro[)erlies. A popular (‘fmeefition 
of iientroii may he obtained from the id(>a that if in 
the hydrog(‘n atom, tlie electron fall into tin* 
niielens, it will form a neutron. Tin* neutron has 
thus a mass which is etiiial to that of hydrogen and 
it has no charge. 'Fhc! investigators first thought 
that the neutron would give all the properties whieh 
we can think about this ueiitrali/ed hydrogen iiiK'leiis 
but later ex])(*riments >1iow«m1 that tlu'se predii‘tioiis 
were not fulfilled. Ft»r according to this couei‘ption 
neutron should have a mass wlii<‘h is less than the* 
eonibined mass of the proton and tin* electron. It 
should have little or no m:ign(*tic moment, and spin 
should become zero or one. Hut Aston showed cmi- 
elu-sively that the mass of the neutron is about one 
electron-mass higher than the <‘ombiii(M| mass of the 
proton and electron. 'Flu* conc< pti«m has therefore 
gained ground th:it the neutron <*an exist only in the 
nucleus as such and a short tiim* after it eonu's out 
of the nuch‘us, it dissociates spontaneously into a 
pniton and an electron. In other Words tin* lu'iitroii 
itself is radioa<‘live. No method can possibly be 
found out by which this interesting speculation ean 
be verified. Furllier the spin of the neutron was 
shown by Heisenberg to be just the same as that 
of the proton and it was siiowii to follow h'ermi 
.statisties. Tt is also known that the ueiitron has got 
a magnotie moiiK'iit beeaiise deub'roii w)u\*li is the 
rnieleus of the heavy isotojie of hydrogen is a eom- 
pouiid of the proton and the neutron but i(s magne- 
tic moment is not equal to that of the proton, but 
is sensibly lower. Tliereforo, the neutron must 
have in this combination a iiiagnetio moment wliieli 
is opposite to that of the prf>ton. In other words it 
behaves like an antiprotoii. Tt lias been estiiiiuted 


that the magnetic nioincnt of the neutron iiuist be 
of the tii’der of one protonie unit. Ueeontly 
attempts have been maih* to verify tlu*s(^ suggestions. 
If a neutron has got a magnet ie moment, it ought to 
be oriented when it passes through a magnetic field, 
("alculation sliows that if a beam of neutron is alhiw- 
ed tn pass through a magnetizc‘d piece of iron, the 
intense magmatic fiehl of the partieles produees 
this polarizing elVect. If this b<*aiii of polariz(*d 
neutron beams be allowed to pass tlirougii anotlu*r 
])i<*ee of magnelized iron then the intensity of the 
beam would be dillereiit, aceording as the seeond 
iron pi(s‘e is magn(‘(ised in the saim* din*ctioii or in 
the oppo^iti* dirci“tioii to that of the first piece. 
'Fliis expcrimcMit which was concciv<*d by Hindi lias 
been reccMitly carried out in tlu! Cornell lbiiv<Tsity 
by lloifmami, Uvingstom* and H(‘llic and they have 
really establish(*d a dillereiitial ellcct. This proves 
that the neutron has got iiiagm‘lic moment t»f the 
right ordm*. 

.Veeording to all nptodate coiieeptioii, magnetism 
has bcMMi supposed to b(‘ tlm* to motion of <*liargcd 
particles wliidi might be either motion in orbit or 
a motion of tlie electrical p.article ronml an axis 
(spill). Hut what is flu* moment of the iientnm due 
to? It can be due tf) neifber of tlie idiove causes 
as it lias got rn) electrical charge. Time alone can 
solve Ibis riddle. 

M. .V. N. 

New types of Nuclear actions produced by 
Cosmic rays 

The snbje<*ts of iincb*ar ])liysies eontimies to 
yi(*lil more surprises. It has b(K*ii felt by all investi- 
gatm’s that th(‘ present laboratory tedini(|U(‘ is rather 
iiidlieient for producing n'aeiioiis in the nucleus. 
For in order to score a hit the iinelons, it is 
necessary to employ charged partiele.s of .such high 
energy that ordinary laboratory technique is not 
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ilevt^lo|)ed ciunigh for prodiKMii}^ tlioin. TIm‘ 
highest oiicrgy particles which have Immmi ho far 
produced arc those due to Lawrc*iicc of (California 
who, by iiicaiiH of his cyclotron, has prodiiet'd 
parti<‘les having the enornioiis enorjjy-valuc of trii 
million volts. Ihit even these enerjjies are rather 
iiisiiriiincant compan^d to that of cosmic rays which 
arc found to possess enormous values raiitrin^ fnan 
100 million electron volts to about billion electron 
volts. Hence tile (‘osmic rays prodn<‘e reaetimis 
which, for a lon^ tiim*, cannr)t b(‘ emulatf^d in tin* 
laborabuy. fhit the.se particles are only (iod’s jjift 
and oiKf has t<i s(>t up the apparatus and wait 
pat/uaitly, ^o on taking records and tind out fnau 
examinations of tlu’se records whether any new type 
<»f reaction is beine: produecMi. Already as a result 
of smdi investiirations we have been in possr.ssinn 
of the positron which is the unit (»f positive <*le<*(ri- 
«*ity having tin* same ratio of eharjje to mass as the 
familiar elei't roll. 'Hie positron is pro<luce<l by the 
cosmii* rays hittiiiir tin* lun'h'iis. Keeently <\ I). 
Anderson has reporteil other typ<'s of nu(‘h*ar reac- 
tion prodin*(*d by cosmic rays. He found that in 
many eases j)rnfnifs are ej<‘ctetl from the nueh'i. In 
other cases they appear to pivnliiei* some kind of y 
radiation, whi<‘h fallinjx on the nucleus ejects only 
positrons ainl the nucleus is suppos<>d to be e<nii- 
pleti*ly broken into neutral particles and chai^jeil 
positrons. Probably then* an* more surprises in 
store ill this inti'i-estiii}; field of i ■ vest ij'at ion. 

. 1 /. .N'. N. 

Radio-active Potassium 

\Vh(*n radioactivity was first discov<*red it was 
thoujxht that this phenomenon was entirely confineil 
to licary atoms. It was supptised that the ln^avy 
atom was somehow' unstable and spimtaneoiisly 
broke into pieces. In iP(ir), however .1. .1. 'rhoni.son 
showed that evi‘n some lij^ht elements show' the 
])lieiiomeiioii of radioactivity. He lound that 
potassium and rubediiim emit small amount of 
fi- particles and that they liad definite lives like 
other heavy radioa<‘tivc bodii's. The recent <lis- 
covory of artificial radioactivity has show'ii that 


even the nuclei of light eleuient.s can be made 
radioactivi* by special treatment. But the old 
pii/y.h* has not yet been solved. Why a naturally- 
occurring element like potassium should be radio- 
active! Some years ago Aston discovered that 
onliiiary potassium atom consists of two i.solopea 
one having the mass the other 41. It W'as 
siippiised that the r.‘idio-a(*tivity of potas.siimi wa.s 
due to the heavier and rarer mieleiis, iiiiinb(T4]. 
Blit e\]><>riments to prov(‘ this hypoth(*sis w'ore not 
siieeessinl. Just a y<‘ar ago .Viei* showed that potas- 
sium contains an (‘\trr‘m(>ly rare isotope (1: 10,000) 
having the w’(*ight nf 10. Smythe and Heiiiinendingor 
has imw slaiwn (/V//y.s-. //cv. ;7/. ITS, 10U7) that 
thi s very ran* isoti»pe nf pnlassimii is n‘sponsiblc for 
all the activity nf (irdiiiary pntassium. This dis- 
<*overy raises inti'n*sling sp« eiihilinns in vi<*W' of the 
recent work nn the stability id‘ atomic mielei. 

M. X. S. 

On the identity of the idophenol reducing sub- 
stances in brain and tumour tissues 

Allhongh (he 'rillmaiis-Harris teehniipie of esti- 
mating aseiu’hie aeiti by titration against 2 : 0-di- 
ehioroph(*iioI iiulophenol has been extensively used, 
ihmbfs havi* periislically been raised regarding the 
speeifieity of the* teehnii|M(* for aseorhie acid. Brain 
tis.siies and tumour tissues AV(*n‘, fm* iiistaiiec, Aus- 
pei'ted to contain iiidophennl r(*diieiiig siib.stiuiccs 
other than vitamin ( .Mnre recent reseanrlies have 
indicated the nnrelialiility of the evidence on wliieli 
sneh siispieions wen* based. Thus Young (liifirhem, 
./., ISS.'k 1 !»;{(») h:is fonnd from biological .studies 
as w'cll as from stialies of tin* ab.snrption spectra 
that iii>n-spc(‘inc indoplu'iiol r(*ducing substances 
d«» iml appear to la* present in brain extracts. Simi- 
lar observations on (nmoiir (issm* have be(*ii made 
by WiMMlw’ard rlftfiJ, /iint. / / 7, 74, 1 OiiO) 

and Kellie aiid/ilva 1210, UKjfi;. 

These dev(‘lopiii(‘nts arc* important eonsid(*riiig that 
there has Ix i'ii somt*timc‘s an nndne* suspicion about 
the* reliability of llu* (itrimetric* iimthod for the 
estimation of vitamin C. though, doubtless, when- 
I'ver i>o.ssible, tilrimc‘tric* re.sults should be* cleekcd by 
other methods. 

//. a. 
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National Academy of Sciences, India 

An Onlinnry of tho National 

Institute of Scieiiocs of India was hehl on the 25tli 
Mareh in tlie Physics Lend lire Theatre, Alla- 

habad riiivorsity, Allahabad. 

Pollowinjj papers were n*ad 

1. M. N. Saha and R. N. Rai ; IVopajratioii of 
Radio Waves through the Ionosphere. 

2. G. R. Toshniwal, R. I). Pant and R. R. 
Bajpai : On the Radio studies of the Ppper 
Atmosphere at Allahabad. 

3. R. N. Misra an<l S. Dntt : Ghetnieal Kxaiiii- 
nation (»f CJvomc Peiiiaplnilla lann. Part 
II.-( .Vmstitntion of the Oil from the SimmIs. 

National Institute of Sciences of India 

A monthly meetinj; of the National Academy of 
Sciences, India, was held on 2nd March 11137 in the 
Loetiire Theatre, Chemistry Department, Taieknow 
University. Dr. Birbal Salmi, D. Sc., Sc. D., E. G. 
S., F. R. S., President of the A<'ademy was in the 
Chair. I'Ih' following members of tin* Academy, 
amon^ others, attended and took part in the discu- 
ssion of the papers pres(*nted. Vieiv Presidents- 
Pix)f. D. R.. Bhattaeharya, IVof. S. Mae Mahon, 
Foreign S(*eretary Prof. M. N. Saha, General Sec- 
retary Dr. S. M. Sam*, Prof. N. R. Dhar, Prof. IC. 
N. Bald, Dr. Shri Ranjan, Dr. Ijakshmi Xarayan, 
Dr. A. C. Chatt(*rji. Dr. K. .V. Afathiir, Dr. S. N. 
Das (in])ta, Prof. W. BniTidge and Dr. (iforakh 
Prasad. 

The nndermeiitined |)apers, of which brief snni- 
maries are given, w<.*re read 

1. "^Nitrogen fixation and a/otobaeter count on 
the application of carbohydrates and other enei’gy 
materials to tin* Soil” by Prof. N. It. Dhar A’ Mr 
E. V. Seshaeharynhi. In this ])a])(*r the eHeet of 
sunlight on nitrogen fixation and a/otobaeter count 


on the a])pllieation of sugars t^) the s<dl has been 
studied. Various sugars wen* tried to study the 
nitrogen Rxation. Sugars in definite proportions 
were adiled to a known (inantity of soil in bai-ins 
and mie. set of basins was exposed to sunlight while 
another was kept in dark t4) (*xelnde light, and at 
regular intervals nitrogen estimations and Azoto- 
baeter count were made. In all the <*xperiments 
there is greater nitrogen fixation in the soil exposed 
to sunlight than in the soil kept in dark while the 
a/otobneter nnmb(*rs an* more in the latter than in 
the former. When ealenlated per gram of carbon 
oxidized fin* nitrogen fixr*d is invariably gn*ater in 
the exposed soils than in the dark ones. This 
clearly indi(*ates that light plays a d(*fmite role in 
the soil proeess(*s like ni(rog(*n fixation just as in the 
photosyntln*sis in plants. 

2. “Changes in Soil nitrogen affer the addifion 
of fresh ifowdnng fo Soir\ by Mr S. K. Mnkerji. 
Fresh eowdimg has been showm to fix atmospheric 
nifrogen in dishes, in fi(‘lds and in sterile vessels 
exf>os(*d t<) sunlight. The amount (»f nitrogc'ii fixed 
as w<*ll as fhe amount of nitrogen fixed per gram of 
carbtm oxidizf*d is greater in light than in the dark. 
Molasses seems ti) stimulate tin* oxidation of c<»w- 
<lnng in the soil, and im*reases the total amount of 
nitnigen fixed. Under the conditions of these ex- 
pi'riments no while ants wen* seen to devf*lop in the 
soil .after tin* tr(*at.ment with eowdnng. 

“The Alimentary canal of (/Viccineila sep- 
te..ipiin(*tata”, by Mr S. IVadhan. During the 
<*oni*se of his work on h(*rbivorons and carnivorous 
(.'occinellids, Mr. Pradhan has studied both types of 
these b(*etles and has made int<»rcsting observations. 
In the carnivorous lady - bird b(*(*th*. In* has speci- 
ally studied the problem of the reassociation of the 
exeretory malpighiaii tnbnles with the high-gnt, and 
has (*ome to the (amchision that this reas.soci- 
ation is not meant for the discharge of excretory 
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material into the liiii(l-$riit, as has been believcsl by 
previous authors like Landis, but that the reasso- 
eialed tables aet as a lilter for (‘litninatiii{; waste 
nitrogenous inateriai eoritained in tlio liipiid whieh is 
ineehanieally pressed out of the hiud-;;ut into bo<ly- 
eavity. 

1. *'Fossil plants from tlu' Ihrean Intertrappean 
beds at Mnh^aon Kalaii ((\ F.) \\ ith a note on the 
jreolo^jieal posit itm of the ]ilant bearinj; beds”, by 
Prof. IVirbal Salmi, and Mr K. P. Hode. The atti- 
nities of the lossil tiora of the I)<*eean Inti^rtrappean 
beds stnuijrly support the view, reeently r<*vived by 
Profess(»r Salmi, that the earliest voleaiiie lavas 
(traps) of tlu* Deeeaii were prtiired out in the Ko- 
eene iieriod, that is soon aft<‘r the dawn of the 
T(!rtiary <‘ra. This view was held by the pioneer 
ji:(‘ol<»trists a hundred years a^o, but diirinjr th(‘ last 
sev(‘nty years, as the result <»f work dom* by the 
(ieolojyieal Surv(*y *d‘ India, the opinion has ^rowii 
that the earliest traps were older, and of ( Vetaeeoiis 
ajfe. This oflim’al view of the Survey, although 
bas«*<l otdy upon indireet evkhaiee, has b(‘en a<*eep- 
ted by Keolojrists all over the world ; but it is oppo- 
sed t<i the <lireet evideiUM* of the lossil plants wh'eh 
have deeided 'Lu’tiary alVmitii's. 

In the nr>t part of this paper Pnd'essor Salmi 
shows that tin* lb.-«'jil Mora of Mo^haon Kahm near 
(ddiindwara, c»rijrlnally discovered l>y Mr. Uode, 
lias 'rertiary ailinities, like the llora of tin* rest of 
the Deeeaii lnl(‘rtrap|H*an series. In the se<*ond part 
Mr. Rode des<‘ril)<'s the ^eolojjy of tin* area and 
shows that the fossilil'erous Ix'ils n*ally Ixdonji: t«) the 
basal part of the seri<*s. 

This latter fact is important, because if the basal 
part of th<* seri<‘s is of 'La’liary ay:e, then there <*aii 
be no ground whatever for elassifyinj^ the higher 
strata as Cretai*eous. 

The value of fossil plants as an inde.x. of jrctdoiji- 
cal aj^e is now beinj; inereasinyily recojj;nized in 
India, where tlx* ay;es of some* of the most important 
rock sy.stems, eontainin^ eo:il, oil, salt and other 
mineral pnxluets, have Ix'eii elneidatr*d by a study 
of their [ilant fossils. 


Calcutta Geographical Society 

The lb*d Annual (leneral M(*etin«r of the Oale.iittn 
Oeojrraphieal S»»cl(*ly was hehl in the Geology 
Department. Presidency t’ollege. A large niimbei* 
of distinguished ladies and gtailh'iiien besides the 
member alteixhsl the social gathering. Dr. A. M. 
ll(*roii, Dircj'lor, (leoln^ied Snrv<‘y of India, deliver- 
ed the Presidential Address on “Where Riirina 
meets Siam” illustrated with many beaiitifid slides. 
The (^)nneil h»rlhe year l!K>U .‘>7 was (‘onstitiited 
as follows : 

(’orNCM. ri>U TIIK VK.M! l!i:hi;{7 

PreHuient^Ur A M. Ili-ro i. iMreolnr, Survey 

of Iiulia. Vice^P r*‘ nidi'll ta —\)\ 1 ». N'. Wailia, M. A., Oco- 

< ieolojrieal Survey of Iinlia. Mr W. 1). West, G<fO- 
1 nisi, ( ft‘olo; 4 ical Survey of India Mr A. 1‘. M. Ahilill All, 
Keeper of Imperial Kis’cird*;. ami Seeretarv. Itulinn Miiseiinu 
Jf. Secn‘lai'ii‘A'- 'S\v 1>. 1*. (diose, leelurei, C.ileiitta Pniver- 
sity, and euritor, Asliiitosh Mn^eiiiii of Ails. Mr S. P. 
Chatterjee, lecturer in lieojurapliy, Teacher'.s Training 
deparlineiil, Calcutta riiiversily. Mr R. N. 

Maitra. FTofes^or, rresideiicy College. Calcutta. JAhrarion-^ 
Dr M. I'liatlerjeo, ITofes.sor. Prc.sideiiey College. Membtirs — 
Mr V. K. Saiipnadilar, Braliino Itoys School. Mr K. C. 
Chowdliury, Asliiito.sh College, Calcutta. Mr N. C. Hhntta- 
cliarya, Scottish Church Coll gc, Calcutta. Dr H.C. Roy, 
Calcutta. Mr S. C. S.irkar, PicsMciicv College. Mr N. N. 
Challeijce, Calcutta ruiver.sity. Mr V V. Mukherjee, 
.\dvocalc, High Court. Mr A. N. Ha.su, Calcutta riiiversily. 
Miss Rani (those, (tokh.ih* Memr>rinl .Sehool. Mr H. Nag, 
Te.'ieher, K.oit Hhabini .Selio»>l. Mr K. Ha.s Teacher, 
Ripoii Collegiate .School. 

Co o]>le»l ; — Dr S. C. Chattel ji, Rauchi Uai-Shahih Hari- 
d.is Oosw.’iiiii .\saiisol. Mr .Sasadliar Haiii*rjei*, Miiluapur 
and Mr. I.alil N«diaii ('dio^e, Cullaek. 

We give below a siimmary of llx* leettiri* “Wlx*ro 
Ihirma me(*ls Siam” di'livcnsi by Dr A. M. H(*ron, 
Direi'tor, (ieologi«*al Survey of India, at tlx* 'drd 
Annnal Meeting of the f’alentia ( Jeognipliieal 
Society. 

The lecturer (h'serilxsl the geograjiliy nf tho two 
mo.>t sontlx*rly dislriets of Ihirma, Tavoy and 
M<*rgni, whieh are bounded by Siam, and said tliat 
befi»re the Rrilish oecnption in ISi?li, they were, for 
over a c(*ntnry, a battle gromxl between Hiirma and 
Siam. From the fourteenth c(‘ntnry, Mergiii belong- 
ed to Siam, and as the isthmus between the Hay of 
Bengal ami the Gulf of Siam was narrow tlx?re, it 
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was the gateway of tlio most direct trade route from 
India and Arabia to the Far Kast. With a wet 
(Oimate and constant waniitli these districts support 
luxuriant vegetation, as yet hardly (exploited, and 
tropical fruits, such as th<* durian, the [)ineapplo and 
the inangosteen are abundant and (‘xcellont. The 
cultivation of rice is the principal agricultural 
avcxaition but the fislicries ])rovide an important 
ex|K)rt trade in dried and saltcnl fish and prawns, 
with such curious sid(‘-lin(>s as mother-of-pearl, 
bcche-de-mer, shark^s fins, edible birds^icsts and 
turtle-eggs, 'riie industrii^s of European introduc- 
tion are tin and wolfram mining and rubber planting. 
The population is most cosmopolitan, Ihirman, 
Malay, Siamese, Karen, as piM'inamMit inhabitants 
with (.Miiiiese, Ma<lrasis. Moplahs, Punjabis ami 
Cjurkhas as colonists. Tin' nn»st interesting race is 
the Salons, or Sea-gypsies of the Afergiii Archipel- 
ago. They number about (5,000 and live <*ntin'ly in 
their sailing about from island to island, diving for 
green snail sln*ll and beche-de-nier. 'Phey live 
almost <'.\clusively on shell fish, and what other fish 
they can appear, such as the giant ray. 

Botanical Society of Bengal 

The first Annual (leiieral Meeting of the Botani- 
cal Society of Bengal was held on the lih March 
ItlilT in the Botani(‘al Laboratory of the (Jalcutta 
rniversity. In tin* unavoidable absence of the 
Presid(‘n(, IVof. S. P. Agharkar, a Vice-President 
of tin* S<M*icty took the f^hair. 

II. L. the (Jovernor of Bengal in a message to 
tlie Society stated that he trusts that the inten*st 
which tin* S«»ci<*ty has already been able t(» arouse 


may lead in the future to developments of value and 
in|K>rtance. 

The Ooiineirs report for tlu* year which wa.s 
read by the Hony. Secretary showed all round 
progress in the work of the society. At the close of 
the session the numlx'r of ordinary members on the 
rolls was (iij. And the secretaries are hoping to b(^ 
able to enroll a mucli larger number of tiu* teachers 
of lk)taiiy and others as imanbers- of the Society 
during the current year. The society held 9 ordi- 
nary general meetings in which !() original papers 
W'cre read and discussed. Soiiu* of tliem have already 
been published in s<uentific journals. The society 
also arranged tV>r popular lectures and excursions. 
A programme of h)cal excursitms has been drawn 
up for the coming year, during whit'h it is ])roposed 
to stmly th(‘ local flora and collect materials l\»r th<* 
compilation of a flora of ( -alciifta and its suburbs. 

.V resoiiition was passed urging the (loverimient 
of Bengal lo take early steps in n'vising -ind publish- 
ing Sir David Praia's lUitnjtil Plants. 'Phe book is 
now out of print and is absolutely necessary for all 
inlercst<*d in the Hora of the Provinci*. 

The following were duly elected ns Office-hparers for the 
year la.i" : — fVesrif/ewf — Prof. S. C. Malifil.'inohis, VLctt- 
Prenidanta—Vroi. S. C. IhMierji, Prof. .S. I*. .Aghaikar, 
Mr C. C Calder, .'iml Mr W. Mieklejohii I.h'.S. Treasurer-^ 
Prof. O. P. Majuiiidiir, Cuitncillora- Mr S. N. Bal, Mr 1. 
Benerjee, Mr S. X, Banerji, Mr P. K. Bi>so, Mr Das C'.npt.'i 
Mr A. C. Datta, Mr N. N. Mitra, Mr X. N Sarkar and Mr 
A. Sen. Honij Xeurefarips — Dr J. C. Sen tUipta and Mr 
A. K. (*.1if)SC. 

.\ Ikdaiiieal Lxhibitioii and (/onversa/ionne was 
organized on the (svasirni which a((ractc>d a l:irge 
number of .students ami the public. Prof. S. P. 
Agharkar delivered an illustrated p*»pular lecture ou 
the llora «>f Nepal. 
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Letters to the Editor 


Vitciinin (' in (^licwiiuj Betel l.ecif Betle) 

Hetcl Irnf a fixture all over India on all rereiiioiiial 
occasions. Further Pan and its juice are prescribc<l in 
AyiirvcMlic j:ractice. Clicwinjir of betel leaf is a ilaily practice 
in India. 

In eoniieclioii with the investiy;atiou on the vitamin 
contents of certain liuliaii vejjretable foodstuns, uiulerlaken 
ill this laboratory dtiiin^ the last few years, interesting; 
results were obtained with chewinj; betel leaf, sls the 
result of a systematic examination of the different varieties. 
A synopsis of the results is j;iveii behiw : — 

I Karpuri Pan 




mj;. of a.scor!)ic 

nif;. of ascorbic 

Average free 



acid per j»rani 

acid per gram 

reducing .sugar 



<if leaf 

of stem 


SaiiipU? 

1 

0.225 

0.100 

1.16% 

Sample 

2 

0.100 

0.080 


Sample 

.1 

0.1 70 

0.100 




11 

Mitha Pan 


Sanqde 

1 

0.120 

0.0S0 


Sample 

2 

O.IOS 

0.070 


Sample 

3 

0.112 

0.080 

0.89% 

Sample 

1 

• 0.130 

0.100 




III 

So chi Pan 


Sample 

1 

o.ooo 

O.t.wO 


Sample 

2 

0.0S7 

0.0.50 

0.80% 

Sample 

3 

0.070 

0.040 




IV 

Gach Pan 




('iFovvii in the Bose Institute 


Sample 

1 

0.070 

0.040 


Sample 

2 

O.OSO 

0.040 


Sample 

3 

0.000 

0.040 

*r 

Sample 

4 

0.15.S 

0.050 

This sample 
wiLsfrom plants 
grown at Falla 
expennieiilal 
station af the 
Institute. The 








leaves were 





rather young. 



V Ordifiorif {Hrnujln) Pnu 


Sample 

1 

0.043 

0.022 


Sample 

2 

0.047 

0.023 

0.38% 

Sample 

3 

0.056 

0.02Ci 
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ICach sample represents the averajje value from one 
do/.en leaves. The I'xtiactioii was done by sainl ;;rindin); 
anti trichloroacetic acid solutions ; the estimation was 
tlone by the usual titiimetric imMhod of assay. The 
titration value of the eytract ilid not incri'a.se after boil- 
ing. In the above it is found that the Nitamin C content 
of the leaves runs parallel with the free reiluein); siijjar 
c€>ntent, and that tin* leaves are very mncli richer than 
the stems. 

Bose Research lustltutt II. N. Baiicrjee 

I.alioratory, Calcutta. A. K. Fain 

24. 2. 37 


The Mut.|ncl()-i()iiiL* I'oniiulLi 

1 have reail with jLfreat intcre.st the letter of l)r Toshniw- 
aP and also the comniuuicution of Mr Bhar* aloii]; with 
the introd.ictory letter of Dr Miira.* It ap]jears t«» me 
that Mr Bhar lias laid too much stress on the form of the 
.Appleton- 1 la rtree formula and on tlie ipiantity under the 
radical, and that in lioiii;; so 1 h‘ has foi j^ottmi the orij^inal 
cpiadratic e(|natioii obtained by ^cuietalisiii}; the treatment 
of I.orent/. The? t'(|iiation in the standaid form (o.i2 
C'=nf) is ^iveti hy 


(1 + a I- .| ^ I- //()(! ^ « i /'/') >’y.| 

) I (“+ 'Vl®(l +•* I fit) I'M ///I'/®, (1 -t a 


+ //<)•/;. -0 


(nie notations carry tlicir ttsiial sigiiilii-ann-.) 

The solution of the above e(|iiatioii ;;ives the value <if 
C-iyZ as 

I 

(«+ f/f) (1+,,+/,/)'^- 0(1 ///) 

It is now iibvioiis that the quantity of which the 
absolute v.nliie is to be t.iken is ['//■ • L'/ d * ‘t T//0“l 

and not ^ ^ 
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It is rather unfortunate tliat in Dr, Toshniwal'a com- 
munication tlic dispersion equation appears in a form which 
has i^iven rise to some confusion, 

Tf we agree to call the ray given l)y 1 j-a ^ o the ordi- 
nary ray, it is apparent from the above ocpintiioi that the 
positive sign before the radit'al always gives the condition of 
reflection for the ordinary ray, irresjicclive of the sign of 
( I + a), thus we see the aiiibignity of sign stress, d by Mr 
Bhar does not come in. It is from this ntiology that Dr 
Toshiiiwal has, even in the (piasi-longiludinal ease, called 
the ray corresponding to the {losilive sign as the ordinary 
although its condition of reflection is innuenced by the 
earth’s jnagn«*lic field. 

The tw<i rays in the case <»f quasi- longitudinal propaga- 
tion are polarixed in oppositi* senses and lienee it is not 
possible to agree with Prof. Mitra in calling the tuo rays 
as cxlraonlinary. 

It may also be pointed out that what Mr Bliar calls Dr 
ToshniwaPs exclusive convention is really the only logical 
convention wliicb lias been vitlely uscil. 


Physical I.aboratory, R. R. Ibijpai 

University of Ailahabad, 

Allahabad. PL2..ir. 

1. Toshiiiwal - ScihNCii Cri/iM R 277, I'Uti. 

2. llliar Ibid, .522, | 03 «.. 

3. Milra— /hid, J, 322, PMo. 


riic AUitincto-ionic ^^)nllalcI 

In try ng t>> siqiport Dr T«»shiiiwaP, Mr llajpai coiiuiieiits 
that ill iiiy letter* the original quadratic equation obtained 
by generali/.iiig the treatment ot l.oieiit/. has been lost sight 
of and that too much stress lias been laid on the form of 
the Applctoii-IIaitree forniiila and on the quantity under 
the radical. 

It. seems that Mr Rajpai has forgolleii llie original equa- 
tion, VIZ., 




- (u i-ifi) -H 


1 + a -f iff 


-Yf.’ 


...U) 


(Appleton, ./././?. A\, p. hi 7. vol. 71, 1'152), from which the 
magneto-ionic tot inula is deduc ed. This equation may be 
translfonned into either of the two forms 
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[sV-i-'"*®’]’- 

luul (1 ( « + Hi) i - (“ + '■/<) j ’ + 

...d’--’) 

Both of these are of the standard form o.c* "|-h.r f-c=0 and 
are quadratics in I 2,y2 [ “ («+ 

K(|iiHti(>n (2.1) gives 


r®r/® =- I + 




I 


Y T 


2(T+ a 4- ///) ’■ \.i(l ia + Tiif ^ 

:iiid pqn.'itioii (2‘2) givt‘s 

^ ^ 2(H-ril//f) 2(l+al//0 

...cr-i) 


Mr Rajpai, if he liad cared to rcvid rarc'fully my eommu- 
nicalion would have seen that 1 have considered both these 
forms of quadratic eipiatioiis, the first one in seeliim I and 
the .second one in section II. It is explicitlv staled there 
th.'it the source of confusion an.l aiiibigiiitv disap])eats if 
the quadratic equation is wr'tten in the form of eiiualion 
(5d) of my note. The iiiagneto-ioiiie formii’a deriveil ftoiii 
this eipialioii is giv«Mi in ccpiatioii (h) o1 that note. J his 
equation is the same as equation (3.3) above and is of t. e 
foiiii of the magneto itmic foriiiiila of Mr Rajpai (only (i 
has been put eqa il to /.ero). Mr Rajpai has merely 
repeated what I have abeaily said. 

ICqiiation (3.1) was diseiissed in more detail only to point 
out the origin of aiiihigiiily in the cf>iieliisioiis ni rived nt 
by DrToshniwal by .starting with this form. 

Regarding the tioiiienclatnre of t>rdiiiary and extra- 
ordinary in the (piasi-longitudiiial case, Mr Rajpai seems 
to be iiicoiisisleiit with his own stateiiiciils. At one time 
he defines the ordinary ray as a ray whose reflection condi- 
tion is given by 1 1 a=0 but at the very next moment he 
apparently rliseards this definition and calls a ray wdiose 
refl ction condition is Vot given I»y I f-u eipial to /.e. o but 
is given by 1 | y as ordinary. He agrees (with every- 

body else) that the fundamental chaiacteri.stic of the oidi- 
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nar^' ray is that its condition of reflction is unafTected by 
the magnetic field and is given by This being 

agreed upon, the state of the polarization of the ray whether 
it is right-handed or left-handed is iiiiiiiaterial and irre- 
levant to the point under discussion. 1 am not aware if it 
is stated anywhere that the ordinary ray is called as such 
because it is polarized in a particular way. 

Since in the quasi-longitudinal case the reHcetion eon- 
ditioii of one of the split components is given by 1-f-a — — y 


and that of the other by 1-f-a — + y, neither of these can be 
called ordinary. 

Wireless Laboratory, J, N. Rhar. 

University College of Science, 

02, Upper Circular Ko:id, Calcutta. 

17. 3. 1037. 

1. Toshniual, Si'iKNi i-: & Cn.TuKi', 277, 1936. 

2. Hhar, ibid, 2, 322, l‘Mr. 


Anthropologiccil fixpcditioii in West (diiiui 


An Anlliropological expedition was earrit'd on (ill 
August into the (.'h’waii Mian eouiilry in the 

south and south-east of tlie province of Szceliwaii, 
\Vc.st idiiTia. The expedition enii.sistod of Dr I), C. 
Graham, Dr It. G. Agiiew, and Dr W. R. AFor.sc. 
'I"hcy W'cre accompanied by five ( 'liiiicse a.ssistaiils. 

Dr Graham found many stone artichrs and .speci- 
mens. Dr Agnew studied them and translated their 
folk-songs. 


'I'liis WAS the ((‘iilh expedition into the almrigiiial 
tribes’ ct»unlry on tlic 8/.ccliwaii Tchelan-Kweicheo- 
yunnaii honlcrlaiid. Dr Morse has taken .‘l.O'iG an- 
thropological mcasurciuciiis on C’liincse, Tibetan, 
(’’Iiiang, GiaUong, \oso (l/olo), Shi (lisi) Fan, 
Hololsi, Miao (Ta lleva), Miao (Ch’wan) and 
(.'hiiiigchia. 

Mlacndra Nath Batu, 
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Obituary 

Professor Moritz Wiiitcrnitz 

On Janiniry passed away the great Saiis- 

kritist, Dr Moritz Winternitz, Professor of Iridology 
and Ethnology at the Gorman University of Prague 
in Czechoslovakia, lie was born on the ‘23rd of 
December, J8t)3, of Jewish parentiige, in a small 
village in Austria, and was edm*ated at the Univer- 
sity of Vienna, when* the great indologist, (leoi'g 
Biihler, was his tjHni. 

Dr Winternitz made a mark as an industrious scho- 
lar and a good Sanskritist (|uit(» early in his caretn*. 
When Max Miiller was engaged in ‘preparing tin* 
second edition of the Kitjt'ethi-Sainhiin., young Wiii- 
tornitz was engaged as his assistant. He prepared 
a Cnlalot/tw of Stoiih litdinn SanskrH Manusrnpis 
Mont]hi(j to the Itoyot Asiatic Stfcicty, which was 
published in I90‘2, and worked at a supplement to 
Aufreeht s catalogue of Sanskrit maiinseripts in the 
Bodleian Tabrary at Oxford, which was eompletcsl 
by A. B. Keith and published as Volniiie II of the 
Catalogues in MlOo. The preparation of these two 
catalogues gav(‘ him a v<‘ry wi<le knowledge of 
Sanskrit literature and equipped him for his uuap 
nmn ojuis, I)ic (iesehirhte fter itulisrheu Litrratar 
(History of Indian Literatim^. 

He acquired from Biihler an interest in the life 
of the Tndians during the later Vedic age. !!(» 
brought out in 1887 from Vienna an edition of the 
Apastamha Grhya Sutra and eoininunicated bi the 
Vienna Academy in 181M) a valuable paper {Das 
atfiudische Iforh^aitsriiuell) on the marriagt* ritual 
accoi*diiig to the Ajuislatuhn Urhija Sutra and c»ther 
texts and compared with the marriage customs of 
other lndo-Europ(>an peoples (publish(>d in the 
Proceedings of the Academy in 1SJ)‘2). He commu- 
nicated to the Jnternational folk-lore (!!ongress of 
.1801 a similar pai)cr in English, which was pub- 
lished in its Transactions next year. 1 [is intcrc.st in 
the Sutra literature continued for a long time and 


he wrote other papers on these texts and brought 
out in 1807 an edition of the Manlrapa\hn {inau- 
tras used in tlu* Grhya rituals) of the Apastambins 
(Clarendon Pirns, Oxford). We may mention here 
his contribution on the position of w'omen in Brahma- 
nical literature (7>/V; frau imien iudisvhen Iteligi- 
auvMy Bd. T : liralnaanisunts) in the Arehiv faer 
Fraueuliuude, III, which w^as reprinted separately 
in Ij(M‘pzig ill 1920. A series of papers that he con- 
tributed to the supplement to the Attyeawiuen xei- 



Professor Moritz Winternitz 

Uuuj of Munich in 1003, under the title “ UTix unssen 
air ran den ludogcrmauc/i carefully analyseil 
the evidence about Indo-European Urkultar (Pri- 
mitive culture) and won great praise from specia- 
lists in the subject like Otto ISehrader of Breslau. 
His wide reading and comparative interest are 
further evident from a paper on the Flood-Story 
among ancient nations and primitive peoples, pub- 
lished in Vol. XXXI of the Mitteiluugen def' anthro- 
pologische OesellscJuifl of Vienna (1901). 
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The C. F. Amclaiigs Verhig of Leipzig siskod luin 
t() contribute a volume on the history of liulian 
literature in their well-known series Die Lifemfftren 
des Osien^^ in which appeannl Hrockeliuaii^s volutn<> 
on Arabic literature. Professor Wiiiternitz agreed 
but found in course of his work that the subject 
could not be completed in one volume. Ills lii*st 
voluinc appeared in two parts, part 1 dealing with 
Vedic literature (published in and part 2 with 

the gre.*it epics and the Pnr»nas (1908). At that 
time he wa.s expecting to finish the remaining litera- 
ture in one more volume, but the second voliimi*, 
again in two parts, contained only Buddhist litera- 
ture (1913) and Jaina literature (1920). A third 
volume had to be published in 1922, <‘<nitaining the 
remaining literature, including philosophy and tirh- 
nical subjects, with an appendix on the vernacular 
literatures of modern fiidia whicdi showed that his 
interest was not conliiied to only the ancient litera- 
ture of India. He published a paper on th<* poetry 
and the philosophy of religion of our poc^t, Rabin- 
dranath Tagore, in Die deistesirisscHsfltafteu, volu- 
me I. when Professor Winleriiitz <*anic to India at 
the invitation of Rabindranath, in whose Visvabha- 
rati he stayed as visiting professor during 1922-23. 
several persons expressed regret. th:it his gr<':if 
History of Indian Literature was in (lermati and 
was, therefore, inaccessible to most Indian reatlers. 
At the suggestion of Professor 1. .], S. 'raraporewala, 
the (^aleiittii rTniversity undertook P) publish an 
Lnglish translation of this great work. The first 
volume appeared in 1927 and the second in 1933. 
The English edition is by no means a mere render- 
ing of the German original but is a thoroughly revi- 
sed edition and contains a large amount of additional 
material. One of the important additions is a sec- 
tion in volume T on the litenitiire of the Tattfras, a 
subject very much ncglectcKl by European Sanskri- 
tists, on which Professor Winternitz liail published 
a paper in the Ottfa^sinlisefie Zeiisehrift, vol IV 
(1919). It is very much to be regretted that the IVo- 
fe.ssor did not live to see the publication of the third 
volume of the translation, whose revision cannot be 
now expected to be as thorough as the two volumes 


published already. His Ilislonj of Tmlinn LUeratvre 
is a great work which cannot be superseded in oiir 
life-lime. It is not only comprehensive and iip-to- 
dale to the years of publication, but is written from 
essentially hiiinan point of view, slmwing deep sytn- 
p:il}iy with the Indian iniii<i. 

While in India, Professor Winternitz delivered 
lectures at a nmiibiM* of places. His Rinulership 
Eeetiir«‘s d(‘livered in the I 'niversity of Calcutta ill 
192.3 on probh'ins in the history of Sanskrit litera- 
ture were pnblish(‘d in the Oilrtt/fn De-riew and 
later on in book form in I92.'> under the title *'Sofne 
ProhletUft o/‘ IinlitiH l.iicrahire" . He published a , 
large miiiib(M‘ of pajiers on dillerent branches of 
Sanskrit :ind Sanskritie literatures in various jour- 
nals in Europe and, latterly, in India too. His 
contribntitm to the probliMii of the history of the 
dialogue hymns of tin* Piffrctlo-samhild is of con- 
siderdile import :oiee. Whereas ( )ldenberg supposed 
that, they are the relies of old nUtydHns or .stories, in 
whiidi tin* spe(‘elies were in verse, which have been 
preseiwed, and the narrations in variable prose, now 
hist, :ind Levi, Ili*rtel and Sehroe<h*r believed that 
they were a kiml of dram:i, Winternitz opined 
that we have to set* in tln*ni am'it'iit ballads as in 
later litt*ralnri* in India (ejj. in tlie Mn If Mm rata) 
anti in tin* liti*i'atnn*s tif many other peoplo.s. 

IVolessor Wint(‘rnif/, ttiok gr(*at intere.st in the 
Mftio'thi/ irofft and its tt*xt. lie pnhiished in tlie 
Iniliiiu Antiqnnnj, Vol. XX VII, a paper in the 
South Imliaii Mamiseripts of the (*pie and a number 
tif notes <m the Miihtihloirota \\\ \\\i* Joitrtinl of the 
linyal Asia fir Soririy and (*ls<*wln*re. I'he Bhandnr- 
kar Orit'iil.'d Ri*seareli institute of Poona placed 
him on the h/litorial Board of the great edition of 
the Ma/tMtdrafn that they are bringing out. He 
edited ahmg with his pupil, Professor Otto Stein, 
tin* Inthloyirti Vrugeasitiy a series of papers on 
Indology, and was on tin* h^ditorial Board of the 
Arrhir Orieofnlui id Prague. 

Profe.ssor Winternitz was deeply interested in 
the religions life of Aiieioiii India. He compiled 
the liHh*x Volume of the Sacred Book.s of the Pjast 
published by the (^^hireudoti Pre.ss of Oxford, of 
whi(di the majority of volumes are devoted to Indian 
rcligion.s. 'rhi.s Index is a coiici.se dictionary of 
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Eastern religioiiH and was published as volume 50 
of the Series in 1910. On Buddhism Wiiiteriiitz 
contributtKl a very large number of papers. He 
translated for A. Bertholet^s ItelighmgesvhiMHviuiH 
Lesehurh a r<»prosentative sehyetion from Buddhist 
seriptiirc's, of whieh the first edition appeared in 
1908, and the second in 1929 (“Karly Buddhism^’) 
and 19H0 (“Mahaysina Buddhism^’)- Ho eoiitribiiUHl 
to Hastings' KnvyHopnvttia of lirligion and Ethics 
an article on Jatjikas. One of his latest pap(Ts on 
Buddhism was “Self and Non-Self in Early 
Bllddhism^^ written for the Gaagaantha Jha Com- 
memoratina Volume^ now in course of publication, 
which he would not nnforliiiiately see published in 
his life-time. 

The Professor was very nnicli respected by 
Indian scholars, as he was by w-estern scholars, and 
he was asked to contribute papen's to a number of 
other commemoration volumes rei'caitly published 
in India. A coiumemondion volume {Fes/srhrift 
Moritx WiatentilK\ <*otitaining a large number of 
pa|)er8 contributed by his (mpils, friends and ad- 
mirers, eastern and w<*st(*rii, was presented to him 
on Deceuiber 2.-1, 19.‘13, wh<*n he compleksl his 
scventh'th year. Tlie Aineric.aii (.)riental Society 
made him an Honorary .Member in 1928 and the 
Royal Asiatic S(»eiety of (Jreat Britain and Ireland 
in 19IU. He reciMved similar distinctions from 
other learned bodies also. There was a proposal to 


invite him to preside over the Ninth All-India 
Oriental Conference to be held in Travancorc in 
December 1937. 

During the short time that Professor AVinternitz 
was at Santiiiiketan, he gathered round him a 
number of very enthusiastic students like Dr 
C. Kiinhaii Raja (now in tlie Madras rjniversity). 
Dr Haradatta Sharma (now in the Hindu College, 
Delhi) and Mr P. Amij.an Achan (now in the State 
Museum at Trichur in Cochin). One of the 
stiid(‘ntH, a lady, told me what a keen teacher and a 
lover of accairacy he was. '.riie Professor wsis very 
kind to his students and to all scholars with whom 
he came in contact in any way. 

Pn)fessor Wintornitz cherished a wi^h t,o come 
to India once agiiin but the death of his wife gave 
him a great sltock and the idea liad to, be given up. 
He did not survive her long. The whole life of 
the Professor was one of unostentatious devotion 
to w'ork. lie was a gre:it lover of fndia and resem- 
bled Indian Pandits in his simplicity. It was 
characteristic, of liim that his last wish was tt) be 
cremated quietly. lie leaves behind four sons and 
one daughter and one sister. Ilis children are all 
doctors and even so are his daughter-in-law. Om* 
of the sons is a Protessr»r. 

Indology has siillered an irreparable loss at the 
demise of Profess<u’ M(»ritz WiiihTiiitz. May his 
soul rest in peace ! 

K. <\ 


On p. 480 of the present issue in the aiithor^s designation lino pimse read 
^‘Indian (Jivil Scrvi<jc, Kurseoiig'* /'/* place of “Indian Civil Service, Shillong”. 


BCIBNCE « 
CULTUFB 


528 



SCIENCE and CULTURE 

A MONTHLY JOURNAL DEVOTED TO NATURAL 

AND CULTURAL SCIENCES MAY 1 937 

VOL. 11. HO. 11 


Problems of liiclustricil Development in India 


It is, <if cuiirsi*, ^(‘ncriilly rccn^iii/(‘(l I In* 

iinliislrijil projrn's*^ lli:it \v;i^ jicliii-vi-il by lln* 
Wr.slcni roiiiili’irs (Iilliiiy; tii<‘ l:i>l twn \v;is 

^tiiniii:il('(l Mild (‘niiiiitiniii'd hir^idy by tlicir ffonnmii* 
needs. Ib’es-iiin* nf pnpiilMtioii mikI ^ll^^lM^e nl' bMul- 
stiilVs ill. Ikiiik* were re.'*pnn>ible, lor iiis(:iiie(‘. In :i 
lMr«;e (>\t<Hl( I'nr the deV(‘lo[)llieii( of ilitei'liMt iniiul 
I Tilde. The need of ijiii<‘k<‘r iiiid sifer ( I'jiii.'^port 
iiero.ss liiiid iiiid sen w:is iirednt niid (Ids eontribiited 
eonsidoii.'^Iy or iiiieoii><‘ioii>ly to :i Inr^re pnrl of the 
seieiililie di 'ieoveri(‘s niid iiiveii(ioii'« :ind (heir iiidii.*<- 
Iriid iipplieiiiioiis (li:it we see (odny. 'riic* .‘^tdeiililie 
liioveiiieiil wns thus .set nfont iiiid th(‘ii it proeecded 
nt its own iiinnii'iilinii, often irre.spi'elive of its iin* 
iiiedi.'ite nppliciit ions. The emirse.s nf x'iciililie nod 
indiislriid proj;re>s hnve, hnwcvei-, (hneiy;hun(. 
nintiiiilly iiil!iien<*ed eneh nther. Kveii “pare” .M-ii-nee, 
it, is ^eiiernlly ndmitted now, .snl».-erves direetly or 
indireetiy hnin;iii niid soeiMi needs and the e\pres>inii 
*‘scienee for seicniee’s .'^nlxe'’ like llir >i>ter ;id:ej[e 
“nrt for nrt’s sake" is fast iia.ssinii: out of (he voe;ibii- 
liiry of tho.-e who have looked into the ^riie.'»is, liistinT, 
and future of both .seieiiee and art. \o| (iiat .seienli- 
lie r(‘.s(.*Mreh eaiiiiot or .should not In* earned out 
with (he inti'i’esl eiailred eliielly in itself but it is 
fnllaeions to think that, for this reason, it is olijee- 
tively ilislody:.‘d from the soeial fraim-work in wineii 
the work is proceediiiiT. .Vs is known, eviai the 
ree(*nt d(‘velopiii(aits in theoretieal iihy.-^ies liav<* had 
their ri'pereiissions on onr phih».s(»phieal and .sotdal 
eoneepts. 

The seientilie and industrial movement in India 


bc‘i»;;in rei'ently. h'or a lon*^ perioil her eeonoinie 
.sell siilVieienev and politie.il j-aii'-es |■e|ardf‘d seienti- 
lie .and industrial development. 'I'he inerease in 
p(»piilai ion, thi‘ lr;ii>'mentation of holdinirs, and the 
lerrilie pres«-nre on laml for livelihood have, brought 
this eomitrv to a sta^e of ^emi ’^larvation. The 
want of b, llama* between indii.^lry and a^rienltnn* i.s 
(he parainoiinf I'aiiH* of India s .ipiiallinj; poverty 
and it is absolutely elear that in any seheine of 
eeoiioiiiie reeoiistriK'tion t he (piest ion of industrial 
development oeenpies tin* pivotal position. . While, 
therefore, every support must be jriven to ri'eent 
a(*tivi(i(‘s in India eonia>rnimj: the promotion of 
ai!;ri(ailtiire and :inim:il husbandry, th(‘ probhan of 
imhi.'tries .-should no longer be alloweil to remain in 
the eold shaile of ne;ileel. 

The reasons ai’i* well known ln»w and why India’.s 
indii.^trial proy^re.'.s was ln*hl baek and even wliat 
little home industry slie had 'gradually pi'i'isinal. 
1'he last war, Imwever, broiiirht home to (lie (Joverii- 
nmiits in (ireat Ihilain and in Indi.i that India’s 
trairie depeiideiiei* on foreii»:ii imports for even 
e.ss<Miti:il iiMhisfri:il eommodilies was ;i peril even to 
tin* Imperial ( iovernimait. This led to a slight 
reorientation of State poliey (liirini*: tin* t)ost-war 
period and a eantions poliey of proteetin^j; Indian 
industry was followeil. l>nt tlie poliey, if it is to be 
rlVeetive, must b«* vitioroiis. l*re.-.idiiii»; over the 
annual mei'tin;; of the Kederation (d* Indian (’hani- 
bei's of ('omm(‘r(‘e and of Industry held on the 7th 
.Vpril at Delhi, Mr D. D. Khaitan thus 
obs(*rveil : 


INDUSTRIAL DEVELOPMENT IN INDIA 

“I would urge that the Ctoverntiient of India should 
modify their ])resent lukc-warm altitude towards industrializ- 
ation and should initiate a bold policy of indiistriali/ation 
for the benefit of the country. Industriali/.ation demands 
adequate protection, and the provinces which have hitherto 
least industriali/ed themselves need protection the m(»st. 
It is necessary that in addition to protective tariffs there 
should be cheap transport facilities, chea]) money condi- 
tion.s, and an ample supply of funds. We find that even the 
prevalence of cheap money conditions in the market does 
not ensure a plentiful supply of funds for industrial ftnatice. 

“The currency policy of the f lovernment of Iinlia is 
determined by conceptions about the rate of exchange, 
which I can only characleri/e as antinational. The 
Goveninieiit of India, I regret to ?ay, have no definite or 
positive industrial policy. Thus even the present halting 
policy of protection adojiled by (lOvernment during the 
last 12 years has no small aebievement to its credit. The 
industries which developed during the last ten years, 
although they have harl restricted scope for expansion tinder 
the present policy of discritninating protection, have been 
contributing anniiall}’, on a conservative basis, about Rs 100 
crores to the national wealth of India ....There must be 
a closer parallelism between the expansion of agricultural 
produce on the one hand and the ilevelopiiieiit of means 

for its consumption on the other Imliistriali/atiou of 

India is absolutely essential in order to lessen the pressure 
of population on land, to provide alternative .sources of 
employment in order to absorb the .surplus population, and 
to diversify economic pursuits*’. 

Wo wlu>lo-h(‘jn*totlly oiulorso tlio iibovo rciuurks 
of Kliiiituri, altiiougli wo aro ciuistraincd tt) say 
that fiKliaii iii(liistriaiist.s protocted by tariils, have 
lutt u.siially givcMi a stpiaro deal to their workers, 
both intelleetiinl and manual, and tiiat any poliey 
of proloetion must give* proper importaiiee to < on- 
sniners’ iiit(*rosts and ensnro that tlie profits eanief! 
aro dislribiited as eipiitably as is po.ssible 
iindor i>ros(Mit conditions among tiio producers 
of wealth. Oiir industrialists, it is generally felt, 
have not always taken advaiitagt* of tin* pcH'itid 
of protection to incrca.so the scicntilic cllic-ieiicy of 
their industries and to acquire the capacity to 
compete subs<M|iiently in the open lUcirkot. 'Flu*}', as 
a class, have still hardly realized the importance of 
scientific rescareh for industries in these days of 
hard competition and often give the impre.ssion of 
looking to the present to the neglect of the future. 

It docs not s(‘em to be snfiicicntly appreciated that 


industry in the twentieth century cither goes up or 
go(‘s down but does not remain stationary, and that 
it is impossible to go forward without harnessing the 
intelleetiial resources availabh* in the country. Rut 
wIiateviT be* the defects of Indian industry awaiting 
remedy, it is clear that the in<histrial |»rngre.ss of 
fiidia is practically impossible without a wise and 
b«»ld policy of protection, op(>i*ating solely in fiidia’s 
interest. We do not in priiiei|)l(; favour the polii'y 
of economic nationalism, which is retarding the 
rc.storatioii of .sound international ecoiidinic relations 
and is increasing tension and war daiig(>r, but 
w*‘ believe tliat the reality must be fa<*cd and that, 
.so long as even highly industrialized count ries resort 
to high taritts, ade(|uat(; protection must l)e ntlbrdtMl 
in fiidia where industry is still in an iid'aiitile 
eondilion. 

Ill this connexion a word may b(> .said about the 
(liie.stion of (‘ottage iiidn.strii'.s. Of late both the 
(‘eiitra! and provincial novcniinents seem to hav'e 
given some att(‘iit ion to this (|m‘stion in connexion 
with rural uplift, work. The n‘vival and establish- 
ment of cottag(‘ imln.stries have also fornusl part of 
the programme of .s(>veral iioii-nflieial organizations. 
The matter has, therefore, been fairly prominent 
before the piiblie eye. is tli(‘ possi])ility that 

some iniprovenient may Ixt made in the (S'onoinii* 
condition of the p(*oplc by siu-b means. Riit. nobody 
who has thought, about th(‘ matter will iiin his faith 
on sueh activities for th(‘ industrialization of India. 
Real industrial prognvss of a nation (‘oniiotc's organ- 
ized imliistrial ac'tivity ba.sed on a sound well- 
thoiight-oni poliey, whieh eonsidcTs among other 
things the available* resources in the? eoiintry both 
as raw materials and as sources of power, the ii<*e<ls 
of the honu; and oiitsiile market.s, and the* iiitia- 
relalionships beLwiM‘n indnstri<*s. (\)inprelu*nsive 
plans obviously require Slate patronage ami .support. 
Without .snllieiemt eonlidenec in this dire<*tion it is 
idle; t<» expect the recpiisite capital to be iiivestcel in 
really large-^e^alo indiistrie.s. Then* has been, 
ncvcrthelc.ss, some progress in this matter, but every- 
body will admit that the progress has bc<»ii inordi- 
nately slow. Th(* increase in ixipnlatioii at the .same; 
time lias been relatively rapid and India’s need of 
agricultural and industrial products is far ontstrip- 
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piiifT homo prodiiotiiMi. Novortlu*I(?ss, we f<iel that, if 
(•f)tt:ijre iiidiistrios nro oneruini^od not in a sporadic 
inaniuT but with the same oflioioncy of or^aiiixatioii 
and siiiofM'ity of pnr|)nso as in .Japan, they oaii bo 
niado to (ill a real {;ap in oiir national oronoiny. 
Tn .Japan, although the prodnotion takes |)1ao(‘ in 
individual homost<^ads, (lion* are highly <*(1ioioiit 
or^aiii/ations f<»r oolloctinjj: the ])rndnots, iinishiii<r 
them further if necessary, transporting; them and 
(hiding tlieir suitable mark(‘(.s. Tt is well known 
(hat without (»r^ani/ed facilities by way of eollootion, 
distribution, and particularly transport fospeeially 
with referene<? to shipping) in all of whi<*h tin? State 
played and plays an important part, the .Japanese 
<*o(tatro industries could not have held the position 
that (hey do today. In onr ciaintry also this 
orjrani/a(i(MiaI (piestion is of paramount importance. 
If we are to jr(it all that we can out of eotta*;e 
industries, iinmediate steps must be taken in this 
direction, ft is j;ood to see that the Industries 
Department of th<r (lovernnuMit of Bengal is j;oin«r 
into tills (|iu*s(ion of collect ion, transport, and 
marki'tiiiL; in eonnexion with the small coir indus- 
tries that are <Iev<*lopinjf in certain districts of 
Benjral. But tlu* pace of progress, we are afraid, 
is very slow. The same method should be piirsinsl 
without d<*lay in eonm‘xion with the other <'ottaji:e 
industries. 

Ft woidd, however, be a pity if this (|U(‘stioii 
of <'ot(a^<‘ iialiistries diverts our attention, as it 
sometimes tends to d(», from the major problems of 
industrial development, (^^m•er(<•d action is neces- 
sary in this din'ction. Apart from ipiestions of 
State policy, ov<'r which we eaiiiiot have etleetivc 
control, it. seems to us that the present unsatisfactory 
situation eoneerninj; iudustru*s can be reimslied to 
a eonsiderabh* extent by providinj; ma'cssary 
contacts. As Professor M. L. S<*hroll' points luit 
in an article publislu'd elsewhere in this issue of 
ScMKNt'i: (^I’l/rruK, there is a jirreat need in this 

country for co-operation between universities and 
industries like that which exists in the Western 
countries. This is shown by the fact that miMiibers 
of the university stall* in those countries act as 


(‘onsultin^ scientists to industries, that numerous 
scholarships and laryjf* resean*h grants are provided 
by industries for work at the university laboratories 
either bu’ y;eneral nv spc'citie i)urp<»ses, and that 
there is trreater eoiilael and a freer How of workeivi 
betwfcii university laboratories and llmse run by 
industries. Thi* .Massa«*husetts Institutes of Tech- 
nolotxy, for instance, has »;ot a full-lh*d«;ed depart- 
iiimit of industrial eo-o|)eration. whose main fiiiiethm 
is to stiiiiidati' ami maintain su(‘h eoiilaets. It has 
bemi reeoiriii/ed by the most successful industrialists 
ot the* Wi'slc-rn countri<>s that such co-o|»eration has 
proved to b(‘ (d the ^r(>atcst ^ood to imhistry. 
Tin* co-op(U'alion betwcni universities and industry, 
between pun* sidence and a|)plicd sci(‘nce, has 
always becui etlectivi* in (ireat Britain. Kveii so, 
it is interesting to observe 1 hilt ilnrine: the last tiv<? 
years then* h:iv»' been still irrciiter r-tVorts to promote 
this (*o-o|)eration and if has been pointed out that 
the advanta«;e of (iermany industrially was primarily 
<lue to this ciiuse. Sir Kraiik Smith is a Seen*biry 
of lie* Boyal Society, the pnanier seientilie btidy in 
(ireat Brltjiin, and is also Secretary to the Depart- 
ment of Industrial and Scientitic Besearch of the 
(lovernment. This, we think, is symptomatic of 
the tciidemies of the times. Pure and applied 
sciences are mon^ than (‘V(‘r (‘omin^ into (‘ollabora- 
tioii for the ^ooil of tin* community. We plead, 
therefore, for y:n‘ater (M)-o|)er:\tion between the 
scientitic departments of oiir universities and the 
industrial or<;anixations of tin* I'ountry. 

\ concrete sti'j) in tin* abovi* ilirection would be 
to set up an “Industrial Di*v(*lopment Bureau,’’ as 
was sii^'^csti'd by Prof. B. ( *. (iiiha at a symposium 
on tin* teaidiin^ of ap|ili(*d cln*niistry, held at tin* 
Hyderabad session of the Indian Sidenci* (.\)nt;re.s.s 
in .laniiary this year, 'riiat symiiosiiiin, in which 
Dr II. K. Sen, Dr K. B. Korster, Dr K. (J. Naik 
and many others took part, indi<*ated that tin* tf*ach- 
in*; of ap|ilied eh(*niistry at tin* universities should 
be so inoditi(*d and conduct (>d that the tniiiK'd men 
could be more directly suitable to industry ; but the 
])aramount need that was felt was the absorption in 
industry t»f sin*h traine<l yoiiny: men as already exist. 
If there is hardly any eo-op(*ration and exchange of 
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Recent Progress in Television and 
Ionospheric Research 

Rciin Rcituii Dcijpcii cind K. n. Mcithur 


[Oi'R rc.'iili^rs :iti‘ prnh.'ilily ;ivv;ii(' th:il Tror. S. K. MitTn, 
Glins:* rrofi\ssor of I'livsi s in the* l'iiivci>iiy of Ciilctitta, 
roc<*ntly rctiinicil to aflrr a yoar’s tour in 1 Cuio|k* ; ml 

Aim*rio:i. II<* v5.sit'*i| most of tin* ]ii iiiripiil rt-soarrli cfiitrfS 
oil Television ami Ionos])hi*re, ami s mlicil the latest iiieth- 
oils of restrareh in these siihjeets. lie leeeiilly visiteil AUa- 
hahad ami on the reipiest of Prof. M Saha i».ive a talk 
ahoul his experiences to the senior slmleiits ami research 
sehohus ^if the lhiiv<*rsilv. The fnltowiii)* aecnunt has hei-ii 
cuinpileil from his talk hy .Mr ]taj])ai ami Mr Mathiir. 

Kdilor, Scii'NCli .\Nl> Cui.Tl Khl 

Television 

Pkoi-'. Mifrsi said tiint siiuM* li<* Iji.sf visited Kttrope 
ill television Imd inude treinendoiis progress 

iiiid was now :i prneti<*:il (‘oniinereiiil proposition. 
Television proofiiiiuiKk Imd now delinili' eiiterlnin- 
inent vnlnc* tiiid, ns sneli, wn.'i hound to ItciMtine ns 
liopiiinr :is the radio I'or Ininie enl<'rt:iinni<'iit in no 
distant I'ntiire. 'I'iie only dniwhnek w:i.< tlie iiitrh 
eo.st of the telr-reeeiver.'^ e.stiiiinted to lx* ah. uit tit) 
to JIX) jxnineas eaeli ; hut, with the >pre:id of the 
.serviee and iinT(*as(‘ of demand, I he priee was .sure 
to eoine down to a mon; n*asonahIe level. 

In des<*ril)iii»i the demonstration of television 
nx.'option whi**h he had witiies.sfMl, IVof. Milra .‘iaid 
that the nio.st. (Mimiiinii tyfio of home reeeiver utili- 
zed the eathode ray oseilloirraph for ( lie televised 
ima^i*. The s<*reen of the oseilio^raph had a dia 
under of ahonl 10 <mi. and an linage of size .'hi eni. 
by em. was thrown on it. The tube itself was 
inoiint(>d in a (‘abinet (size about I'o m. Iii^h and 
oO em by ot) <*m.) iii.Niile whi<')i there wen? the receiv- 
ing and syiiehnmizin^: eqnipnieiits for liotli (he 
vision :ind the .sound. When the reeeiver worked 


one had thc‘ impression of witnessing the proj(*etion 
of a talkie litm. 'rix* smallness of the size td* tlx* 
imajre was ratlx*!' a drawback. '^rhonjL>h it w.as just. 
Iarj«:e eixm<rh for indoor, drawin*r-i'<»om entertain- 
ment pnr|)os(‘s, y<*( it left <»iu‘ with a leelin;; of fati- 
trne and di.s.sitisfaetion, wish inij that it wen* smix*- 
what Iary;<*r. The moving images which one .saw on 
tll(* S4*n‘en was cal her (hat of sjune aetnal se<*ne 
emxdt'd in the .studio or that of .sonx* lilm. Some- 
times (he inlermediatr* lilm metliod \>:is nse<l in 
which tlx* lilm was (*xposed to the I'liaetetl set'ues or 
<‘veii(s, developed, lixeil, dried, and imnxsiiati'ly 
tran.sinilted within a time ranirin^ belween ‘JO and .‘>0 
.s(*c*oii«ls. h\n‘ all prai'tie.’il purpose.^, IVomi tlx* point 
<»f view of n*e(*plion, this eonid lx* n‘jjjanh‘d as 
a<*tnal, simnltani‘ons witne.ssiiiir of the evi'iit or tlx* 
eii irted .s«'em*. 'TIxTe were sdiiic (eelmieal ad\'an- 
(a^e'« Ml (he .so-i‘alled int(‘rmedia(e-liliii midhod. 

Fiinclamental Processes in Television 

(*oiitinnin^ Prof. Mitr.a s;iid (]iaf in nrder to 
apprei'iali* tlx* recent progress in television it was 
iie»-c*.s.-,arv to understand tlx* fnndameiilal pio<*esses 
involveil in tlx* tran.-'iiiission <d' living: se<*n(*s or 
e'lX'ina rilin'^ aixl reception of (he same. I'here \V4*re 
thn*e slae^e.s in tlx* proei'.ss ; (I) s<*annin^ of tlx* 
.scene, (J) eleetrie.nl (ran.snii.ssi<»n of the se;iiined 
si'ciie from nm* point to another, and (ii) r(*eons- 
t ruction of the pii'tnre at tlx* ree(*iviny[ <*nd. 

Hy the pnx*ess of .st'annin^ tlx* scene was divi- 
ded in a n*.;i:n]ar in.nnix*!*, ^(‘iierally in (he form (d‘ 
horizontal paralh*! .strips ami converted in(<i the 
li^ht and shade value of every iiortion of (?aeh strip 
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— frniii Icit to rijrlit ( s;iy ) — oiu* si rip siH'rocdin*; 
aiiotlici* iron) top lo button). Tin* (b'jjiTc of (luliiii- 
tion of tin; picinrn w;is dctmiiiin'd by lln* nninbcr of 
strips. .SO lo 1)0 strips p)*r pirlnro nn‘:nit low doli- 
nition niid TJl) sti*ips ( oi* liin‘s ;is Ihuy usually 
called ) and above lii^li definition. 

'I'In* inellio ls of a'atinin^ eoiiliMx* broatlly divi- 
ded into two classes, OIK* ineeliaiiieal and lln* oilier 
elect |•i<*al. 

Scanning — Nipkow disc, .spot-light scanning. 
Iconoscope and Electron-Camera 

Tlie siin|)N-sl ine<*liaiiieal si*aiiner eoiisislc*)! of a 
circular disc. .\(*ar lln* p(*ripln*i‘y of it fln*n‘ w:is a 
row of ln)|(*s in slajxyicrcd formal ion. An obj<*<*t of 
limited si/.(> (depending upon tin* dislan(*es l)e(w(*eii 
lln* liol(‘s) if viewed llirony:li sn<*li a disc, wln*ii tin* 
lall(*r WHS in r:ipi<l rotalion, would be scamn‘d ship 
by strip. Tin* disc was (*alled Xipkow dis«* and the 
object or tin* s<*<*nr* to be s<*anned was reqnin'd to be 
vci*y sironjrly illuiiiinalcd. 

A variation of disc-s(*anniny: called spot M*aniiin^ 
was in more common use and did not reqnin* sn«‘li 
strong ilinmination. In fact, lln* ob]c<*t or tin* scene 
to b(* s(*anm*d was nsiiallx in a darkened studio; an 
intense spot of li^lil coming from a brilliant arc 
liy[lit and pa'^sin*; tln*one|i tin* liolcs of the n*volvini^ 
dis<* rapidly swept ov(*r tin* c*iiliic olijia-t or scene to 
be tcicviscil strip by strip. 

In till* electrical m(*tlnMl a b(*am of i*atln»dc i-ays 
was (*mploy(*d for tin* scaiinini!; purpose. Idn* jrreat 
advantaire of sncli a beam was that it was pi'actically 
williont w'ci«r|it and ln*ncc could be* dellectcd side*- 
ways or up and de»wn in fin* i|ni(*kcst ima»»;inabk' 
tinn*. Two distinct forms of cafliode* ray tubes, both 
of American e)riy;in, had bi'cn d<*vcloped lor scaii- 
niny; puvt>ose. ()in* was known as tin* ii'onoscopi* 
and was due to Mr Zweirykin oi tin* Hadio (\)rpo- 
ration of Am(*ri(*a, ainl tin* «»tln*r tin* elect I’on-came- 
ra or tin* iniae;(*-disscct(»r dm* te» Mr harnsworth 
of Farnsworth Television ('orpeiralion ol Phila- 
delphia. 
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The i(*onosc«»pc was a va(*nnm tube in which 
llici-e was a snrfa<*i* haviny: a mosaii* strncturo con- 
sislinjr oi tiny silver ylobnles. Fai'li of these was 
made plioto-sensilive. so that il would (*j(*ct electrons 
when liyrlit alhiwed to fall upon it. 'I'liis residt- 
ed in a charyiny; up of tin* y'lobnl(‘s by an amount 
proportional to tin* inleii>i|y of tin* iticidf'iit liyht. 
Now, the S4*ciie to b(‘ ti*l(‘vi>ed was fociiss(*d on the 
inosaii* siii’l'n*e and, aceoi'dinn l«> liylit and shade 
value ol dilleivni port ioii> of t lie picture, produced 
dinereiii d<*y:re<*s of cliarye on the tlillci-cnt silver 
elements, ^^»r <*onv«Ttiny: the o|»lical or rather the 
(*lcctrically I'haryed imayi* of the ><*«*nc to (*oiTcspofnl- 
iiiy electric impulses foi- tran''iiiis^ion fi’oiii one 
point, to another, a catln.de imv beam, produced 
insiile tin* vai‘ninn tube, swept ovct the entii'c imaye 
strip by strip Iroin top to bottom. Ivieh of the silver 
(*h*ments was made to |•ch•a''e in turn the cliarye 
which was locked in the condenser formed by the 
silver element and the common condnetivt* backiny 
of tin* mosaic sm-fjicc. Fleet ric cnrn*nts of corres- 
poiidiny intensity ainl fr(*i|neney, produced in the 
associat(*d circuit, wen* used for inodnlatiny fhe 
<*aiTicr wave of television bi*oa<lcast iny. 

I'hi* elect i‘on c:imera of h'aiaiswortli consisted of 
ail evacuated cylindri<*al tul>c at one end of which 
was a photo-sensitive surface. At tin* otln*r (*ud was 
tin* camei’a lens which proj(‘cled the .seem* to be 
felevisctl on tin* photo-sensitive siirlac*)*. ^Pln* elec- 
trons t*mitt(*d from the snrfaci* »*onld be drawn olV 
by nn*ans of an anode in tin* form of a small cylin- 
drii*al tube placi-d in front of lln* h-ns. Thi*re wa.s 
a small lioh* on tin* sidi* of the cylind(*r Ihroiiyli 
Avhich the electrons (*onld (*ntcr into the (*ylind(*r and 
fall on a tiny collect iny disc i)laced in tin* ci*ntre of 
tin* cyliinler. ^Ihc novi*l feature ol tin* )*li‘cl.n>ii 
<*amcra was a system of coils and platc.s, which car- 
ri(*d curn'iit «»r was electrically chary)*d and whi(*h 
bent tin* |)aths of lln* electrons emitted from the 
ditlcrcnt parts of tin* illuminated |)holo-sensitive 
surface in sin*h a manner ;*.s to pnnlnee a real imaye 
of tin* picture <»n the photo-sensitive surface, made 
not of liyht but electrons only. 'I he iniu*tion oi 
the maynetic lic*ld and tin* cl<*ctric lield was analo- 
yous to that of a I(*ns which deviated liyht rays, 
emaiiatiny fnmi ditVerent points of an illuminated 
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object, ill such a way as to form a real optical itiia^c 
of it. The invisi])lc electron iiiia^e, faithful in every 
respect to the optical iinaLje on the cathode sniTace, 
was formed in front of the above-mentioned aiuxle 
cylinder and was caused to move hori/.onfaily anil 
vertically (l)y suitable electric, fields) so that every 
part of the ima^e passed in siii'cession in front of 
the tiny hole in the anode cylinder and allowed 
electrons from the eorrespondiii;>: part to enter ami 
fall on the colh'ctinj^ disc within. Small electric 
currents proportional to th(^ nnmbiT of electrons 
falling on it -which latter in their fnrn were pro- 
portional to the lone value of the particular ehMiieiit 
of the iniaj^e on tin* jilmto-.Nensif iv<^ surface from 
which (hey had been (‘iiiitted — were developed in 
the circuit associated with tin* collectinj^ disc. The 
ftiictuatin^ currents after suitable amplification were 
made to modulate the carrier wave in the usual 
niauner. Tin* scamiiti^r d<>vice Ivuowu as picture 
analyser or iiuaj^i* dissector had bemi remarkably 
developed by hariisworth. 

It was to be seen that in both the iconoscope and 
the electron camera there were no meehanically 
moving parts, 'riu* seaiminjr was done by the inove- 
nuMit of an elei'tron beam or an ch'ctrou ima^e. 
These beinjr practically weightless could be moved 
, witli as y^reat a rapidity as one wisheil and fiirfher, 
their movements eouhl be iMuitrolled by simply tiirn- 
inj; the knobs which jrtiveriied the strength and 
freiiueneies of the currents, etc., producinjr the con- 
trolling; nia<;neti<; and electric fields. 

Transmission Difficulty of Sidc-Band 

For television broadca.^tin^ three thiu^;s had to 
be transmitt<‘d fn>m the sender: (1) the visimi 
signals obtained by scamiin;;, (‘J) synchroni/.iii^ 
signals, to enable the scene to be reconstructed at 
the receiver in correct frame and shape, and (II) the 
sound. 

These sijriials were transmitted on two liiannels, 
one took the vision and the .synchroni/in<; signals 
and the. other the sound. I'he . channels usually 


ein[)loyed for the purpose were ultra-short radio- 
waves of wave lenytli o ti) 7 metres. Tiie reason 
for iisin^ such hi^h freipieiiey was to limit the width 
of tin* siih'-baml, when the carrier wave was modu- 
lated by vision si<;tial. On f» metres, hij[;h definition 
modulation covered a ranj^e of 5. 9 to I). I metres, 
while similar modulation on medium wave of I$00 
metres woiild cover a raiiyje of loO to littO metres. 
With the increase of t(‘levision service, it was possi- 
ble that cables would be employed for carrying the 
I’jidio-wav’cs from one station to another. Such ca- 
bles consist of metallic, tubular easinjrs about 2. o to 
t} cent imet res in diameter with a thin conducting 
wire running down the (rentre of thi* tube, '^fhe cost 
was ratiiia* hi:;h, but they had ain^ady been laid in 
Kiirope and .Vmmaea and were working; successfully. 

Reception of Television signals — ^Synchronization 

The receiver reconstructed the imay:e, and for 
this pnr|)ose it was ni*(‘essary to convert, in seipienee 
to their proper li^ht and shade value, the electric 
pulses carried from the transmitter. As in the 
transmittin*; side this coidd be (‘fleetisl either by 
meehanical or by (‘leetroiiic device. As alriMidy 
mentioned the latter was now in most common use. 
The function of the synchroui/in^ impulses was most, 
important. If fhesj* were not. presmit if would lie 
impo.ssibh^ to rebuild the ri*eiMved pieluri*. in step 
with the transmitted pietiin* and what was white in 
tlu> original mi^ht not b(' so in tin* ima^e. 

As rej;ards developments in actual television 
bn »a« least ill;;, I'rof. .Mitra said that the countries in 
which notable |)ro;;ress had been nia<h' w«*re I'ai;;- 
laiid, (iermaiiy, France, and AuuM'ica. 

In Kn;;laiid a eommittee was appointed in .lime 
l!Kil at the iii.'-tatice of the I*ostmaster-< leneral “to 
consider the (h'velopment of television and to ad- 
vise* the* Po.^tmaster-( b'ueral on the* r(‘lativ(* im-rits 
of the several sy>le*ins and on the <‘onditions iimler 
which any public. se*rvi<*e of teh*vision should be 
provhhMl”. The <*ommittee w(*re satisfied that hi;i:h 
d<*tinition teh‘vision had alr(‘a<ly reachr*d a praetieal 
sta;;<*, and aece)rdiiiy:ly recommemleel that the II. B. 
(\ should inau;;urat(^ and operate the; servie'e usin;; 
apparatus of Ikiinl Television I^t.ii and of the* F.lec- 
Irical Musical lnsiruim*nt (.^i. (Marconi) litd. 
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Then* woni in Kii^riinul thus (wo tolcvisimi sorviros 
iuiiiiit:iiiu‘<l hy lhr.sc two oi'^:ini/:i(iniis. M’hc fnrmcr 
w:is <>\pioitin^ (h(‘ nri^innl Ihiird pn»cc.ss (iii('<‘h:i* 
iiicnl si'Miniiiiti;) :is W(‘ll :is the ch‘c(rnii-c:iincni of 
Knriisworth, niul (ho hitter the ieniio.s(‘iipo of Zw«»ry* 
kill. IVof. Mitni w;is ;il»le to visit the Ikiiid Labo- 
nibiry :it ( ’rystsil Pahiei*, Loiuloii, thronjrh (he c‘oni*- 
t(*.sy of < ^:ipt. A. (i. I). We.st, (he t(‘ehiiie:i] liireetor 
of the ( !oiiip:iiiy. ^fhe laboratory was self-eoiitaiiied 
and was const meting for its own use catliode ray 
nsciilotrraphs, electron innltiiiliers, rei-eiviiijr valve.s, 
etc. rinportaiit. inv(vsti^:i( inns on the ]iropa<ration of 
ultra-short waves was also beiny: earned on here 
nnd(*r the dirt'ction of <^ipt. West, 'rite actual 
broadea.st transmissions wen* made from Alexandra 
Palace where the studio was e(|uipp(*d for ((‘levisiny: 
all typc*s «if snbj<*cts siritable for pro^•ramme.s. 

In (lermany the Keniseh A.tJ., 1'eh*fiinken, 
Tekaile and fioewe were (h'velopinjr television. .Ml 
these were iiow% Imwever, more or less iimler State 
<*ontrol. Prof. Mitra visited the l:ib<»ratori<*s and 
stmlios wliich wen* dire<*tly under tin* Posts and 
'rdej^raphs Departments, throui*:h tin* kiml interv(*n- 
tion of Po^t^.lt. llar<b*r, an otlicial (*f the Po^^tal 
l>e|)artnicn( — ■I{eichspostz<*ntralamat. 'I'lie method <d' 
seanuiny: was im'chanical — ilisc-scanninyj b\ spot 
li^ht. Heniarkable development iiad b(‘(‘n made in 
this system of scanniny: and th<> detinition of the 
pictures with bSO liiu's was extremely jrood. The 
a<*(nal transmitter was at Wint/loben in the out- 
skirts of Ik'Hin. 'File waveh'iiyith Avas 7 metn*s and 
tin* antenna, a (|uarter wavi* vertii'al rod with round 
i'onnt(*ri>oi.sc ;it its b;ise, was ere«’led on the top o| 
Kundfunktnrn - a hundred metre tower. Hetriilar 
(.elevision programmes were broadca>t every eveniny;;. 
There wa.s, however, as yet no reyjnlar “viewiny: and 
listeniny:” pulilic. .Vt the Itadioliavs, the studio of 
the Berlin Ib*oadcastiny:, there Avas arran;rement. for 
yjiviny; public demonstration which attracted a lair 
number of audience ev<'ry eveiiim;. Prol. .Mitra 
also witnessed the visioii-tehphone .service the 
Kerns<!hs|)reehdiensi — between Berlin and Leipzig. 
A siib^iM’iber at Berlin could riny^ up another at 


Ticipziy: :ind c-ould carry on eonvf'i'sation with him 
while lu* saw his face on a scr(*<*n in his front. 

'Felevision in Fran(*e was beiny: developed most- 
ly ])y the P. 'r. T., the Post and 'Fi'ley^rapli Depart- 
nu'iit. Pr«d. Mitra was abh* to witm'ss a d(*nions- 
tratioii in (he Nlndio ol the Departimait tlirony[h the 
coiirtosy of I'rol. (iiitton and of .\r, lkirth(*lt‘nu*y, 
minister ol P. I. T. I hi* scanniiii; was l)v the 
Xipkow ilisc and the studio w.is brilliantly illnnii- 
nated liy ilood liyht. .Vs a coiioc(|nen(‘e it Was un- 
comfortably hot. The faces and the dn*ss of the 
artistes W(“re made* up’ so a*^ to yive iirononiUM'd 
c<uitras(s in black and white. .Ml these w(*re in 
stroll*; contradi’^t in(‘t ion to (he ‘spot liy;ht* scanning; 
as einployeil in (lermany and in h'ny;iand in which 
tin* studio was prai'tically in the dark and no ‘make 
np was m*e(‘.s.sary. he rrei'ptiim was by the usual 
<‘athode-ray tubes. '^I'Ik* picture was of fairly y[ood 
(jiiality and of tin* standard si/i* !>t) cnis. by ciiis. 

'^rch'visioii df'velopMKMit in America was in the 
hamls of (wo ory:;inizalions the B. 0. A. and the 
Farnsworth "J\‘ievision Inc. The former was exploit- 
ing; the icoiioseopi* of Zworykin and tin* latt(*r the 
I'lectron-camera. Prof. .Mitra had the opportunity 
of visitin*; Farii'^worth’s laboratory at Philadelphia 
wIhtc extmisive researeli work on (‘h*etron-opties, 
flissiM'tor tube, and on (‘l(*(‘tron-innltipli(‘r was bein^ 
carrii'd on. The eleetron-mnitiplier was a remark- 
able devii'c wliieli am|>liiied the feeble photo-eh*ctrie 
mirrents dc*velo])(d l>y (h<* .scanniny: of tin* electron- 
imay:e in the ilissis-tor tube. '^I'he devici* ii(iliz(‘d the 
econdary emission of electrons and seoiisisted (*.ssen- 
(ially of an evacuated cylindrical *;lass envelope, at 
each end of whii h there was a photo-sensitive cathode 
(caesium-coaled nickel). IMioto-clecI runs emitted 
from om* surface were aceeler;it«‘d by an electric 
lii'ld and im)>iny;ed on the other siirtace. S(*(*ondary 
electrons emitteil from the latter surfa<*e were in 
their turn accelerated by the <‘l<‘clric lield (whi(‘h 
was an a1(<*rnatin.*; one of hi};h freinnaicy about .''>0 
I'vcles per .siH'ond) and, impiiiyrinnr on the first sur- 
face, relcasi‘d secoinlary electrons in y;r(‘at nunib<*r. 
'I'lu* process went on until checked by .some special 
device, and very laryie current could thus b(* built up 
from :i current of very feeble intensity of photo- 
1 ‘leclrii* orijrin. In an aidiial demonstration wit- 


5R5 


Vol. 11. No. 11 
MAY 19S7 



RECENT PROGRESS IN TELEVISION AND 
IONOSPHERIC RESEARCH 

iiossod by Prof. Mitrji it w:is .srcii tliiit tlu* litilit fnHii 
nil onliiinry cloi’h’ic torch I'oiild pro(liic(> n ciiitciiI 
of .‘icvcrni iiiillinnipcrcs. TIkj iiio.st useful fi*iitiire 
of the olec(roii-iiiiil(i[)li(‘r wns that its iioisc-ampli- 
ficatioii ratio was iiiiich sinalhu' than that usually 
obtaiiKsl ill a triode valve aiuplificT of most careful 
desijrn. Pmf. Mitra was of o|)iuion that besidi's its 
apiilicatioii in t(‘Ievision tin* (‘lectrou multiplier 
woiihl soon lind a vm'v useful pla<'e in tie* pliysi<‘al 
research laboratories. The h'arusworths were three 
brothers and the elde>t, still on tin* ri^^ht side of 
forty, was tla* head of the firm, 'riic e.stablishmeiit 
of the Farnsworth or^aiii/.atioii and the r(‘(‘(Mit sik*- 
cess which had crowiieil its cllbrts were exanipl(‘s of 
American enterprise and farsi^htedm-ss. It was very 
recently that the Farnsworth’s system of t<‘levision 
had be^iiii iirai'tical television on a coimmM'cial 
.scale. Iiiit ent<Tprisinir private individuals were not 
waiitinjr, even twelve* years ajio wImmi there was hard- 
ly any prospeid of immediate* returnon outlay to 
iinanee and encourage the* youn^ Farnsweirlh. Iliin- 
dreels ed' themsanels of dollars hael lit(*rally beni 
spe>nt ami it was now bi'arin^ fruit. .\s (>xplaine*d 
bf‘fore>, the: (‘eiinbination of the* ele(‘tron-e*ameTa anil 
ihe> e>Ie>e‘tron nuiltiplie>r or the diss(‘ct<»r multiplier 
as it is c.alled — wa.'^ an eh'j^.ant exainple of the* appli- 
cation <d' the* princi|)lcs of <*h*ctro-ni.iiinctism anil of 
photo-electricity and had erre*at future b<*fore*- it. 

lono.spheric Research 

With re*jj:arel the* deve*lopmcnt of ionosphe*rie' 
re'.search Prof. .Mitra s;dd that the* princip:i] e*<*ntres 
of sm*h re-se-.-irch in Fnrope we*re Halley Ste*wart 
liaboratory, Xational Physical Laboratory, (’avi'iidisli 
liaboralory, Marconi Ke’.search Laboratories and 
lmpe>rial ('olle*e:e‘ in haiyilanel, ll<*inricli Hertz Institut 
and Te<*hnische 1 loe*hse*hnh* (Munich) in (ie*rmany, 
Hijjhi Institute* (l>olojj:na) in Italy, Ne>rdlysob.serv;i- 
tori(*t ('rromse’d in Norway, and Philip’s (iileieilanipen 
Fabriki.*n ( han(lhove‘n) in Holland. 

In England 

Prof. K. V. .Vpph‘ton was tlie* foremost worker in 
England. He* had till reccitly b(*en working at the 


Halley Ste*wart Laboratory at Ham|)st(*ad, an oiilly- 
iiig suburb of liomlon, but em the* r<*tire*m(*nt e»f Prof, 
(y. T. H. Wil.soii he* had be*e*u appointed tlie* .Ia<*k- 
sonian Prof(‘ssor of Physics in (Jambrielge* and hael 
h*ft Londeui. Dr F. \V. (L White of King’s ( sdh-ge*, 
who was a collaborator of Prol. .\pple*ton had gon(^ 
to New /ealaiiel anel Imnce* it se*e*me*el that ionospheric 
investigation in Lontlon woulel be* at a stanelstill lor 
senile* lime*. Annnigst the* inve'stigat ions wliie*h we*re* 
being carrie*el on at Prof. Appleton’s laboratory 
niention could be' inaeh* of relle'ction <*o(*llicie*nts ot 
ionosphe*rie‘ laye*rs, nie*asuri*nii‘nt eel ceillision.d Ire*- 
e|Ue*m*y, i*n‘ce*t of magnetic storms on the* ioiii/atietii 
etc. The transmitting statieni Avas at the* King’s 
(’ollege* and the* ree*e*iving and re*e*e»reling eejuipnie*nts 
W«*re* at Hampsti*ael at a elistane'e* of abeiiit S kilo- 
me‘tri*s. There was provision at the* transniitte*r l«»r 
varying tlie wave* fre*e|ue‘ne*y e*ontinuously. At the* 
re*e*e‘iving station a suitably arrang<‘el e*anie*ra rerorel- 
eel the* siwalh*d (/*'-/') r\iv\r variatieni ed' the* e e|niva- 
h'lit height of a p.irtie'ular ieniosphe*rie* re'gieni as the* 
(*xpleu*lng wave* fre‘e(ne*ne*y is v;irie*el. Poth the* 
transniitte*r anel the* re'e*e*iver we*re* e»pe*rate*el manually. 

'rile* National I^hysie*al Labeuateery maintaine*el a 
Ibiiliei Ke‘se*are*h l)e‘parlme*nt of whie*h, till late*ly, 
Mr K. \. M'alsem Watt was tin* supe*nnte‘nele*nt. 

I fe* hael ri*e*e*ntly je»ine'd the* .Air .Ministry anel his 
plae*e* hael be*e*n tahe'ii up by Dr R. L. Smith Iieese*. 
'rile* lii'aelejiiarteTs of the* De*partnn*nt we*re in the* 
main biiileling-- at 're*elelingteni but tin* e*xpe rinn‘ntal 
laboratorie*s we*re* situateal at Shnigli, a small village* 
abenit iit) kilonn*lre-s we*st eif Lonelon. Lxe*e*lle*nt 
fae*ilily was [irovieh'el lor lie*lelwork sinea* tlu're* we*re* 
i*xte‘nsive* eepc'ii griuiiiels all reninel the* labf»rate)rie*s. 
.Viinaig the* inve*stig:ili«ins e‘arrie*d e»n ln*re eun* e*oulel 
nn'iition ioin»sphe*rie* nie*asiire*nie*nts, re*e*e»reling ed 
at’*n>splie*rics, anel incasure*nn*nts eif the* angle* ed 
incieh'iice ed' deiwne'oming wave*s. Few ieme)S]»herie* 
fd).se*rvalions e*labe)rate^ apparatus had b{*e*n elc*vise*el 
fen* making aiiteimatie* ree*e>rels e»f the* (/**-/) <*nrve*. 
The transmitter and the rece*iv(*r Avere hicatcd in 
diire*r<*nt huts separat(*d by :i distan(*e of about ot) 
metre.s. Tim original eeiuipment Avas, Avliat one 
might say, .se*nu-automatic, t.r., the fn*(iue*ncy at the* 
transmitter varieel auteimatii'ally e>ver a ce*rtain range 
Avhile the recei\'er Av^as kept in tune! by the ob-server 


SCIENG K V 
G ULT UR IS 


536 



RECENT PROGRESS IN TELEVISION AND 
IONOSPHERIC RESEARCH 

ni:in(i:illy. lirrcMitly, )in\v(‘vn\ fully system 

been <K‘veIojuMl rceni'ils of tin* (/*'-/) <*iirve 
W«Te nbhiiiied :iiitoiii;iti('jilly every liDiir nr Imlf 
nil iiniir ns desired. Mr IViiiibi'id^e I>eil \v:is Inrirely 
responsible for I lie desi<rii of the nppnrnliis. The 
observation was bein^ (‘arrii'd on by Mr Naisniitli, 
Miss In;;ram and others. 

In eonn(‘\ion with lonu-div(:ine<‘ short-wave 
propagation it was very important to know the 
niiiiles :it whieh dowiieomin^ waves leave the iono- 
sphere. This was bein^ measiirisl with the ln‘lp of 
two hori/ontal aerials placed about on(‘ wavelen«rth 
apart. A knowled<r(> of th<> dit1erene<‘ in pha>e «d‘ 
the hiy:h freiineney currents developed in tlie two 
n(‘rials by the downeoiniie^ wave enabled one to 
ealeiilate its aiiiih* of iiK'idemaL 'File whole efpiip- 
nnait was calibrated by obsj'rvai ion on wav<‘s re<*eiv- 
(•d from a tiny transmitter <*arri(‘<i up by a kite. Mr 
l>arli(‘ld was in charge of this section and the iiIimm- 
vations w<*re beinn; mailc' by Mr Slow. 

Ivxi’elleiit work was lieinji <lom' on atmospherics 
by Mr Lntkin under the miiilanee of .Mr Watsnn 
Watt. Apart from tin* aiitomatie direelional r<‘(‘ord- 
ini»; of atmospheries, the Sloiijih station kept watch 
over intei'estiii^ phenomena in this (‘oiim^xion 
siiniiltam'oiisly with a similar station in Sent h, ml 
with whii'li it was in telephonic eoiniminieation. 

Atmospherics were also Ix'inji; studied at Kinjij's 
( \»lley;e by I )r I'. M . ( Miapmaii. An ata'ial of lai*ii:i* 
capacity in the form of an clevati'd sphere as dc.sie:n- 
e<| by (\ I{. M ilson for measni'ino; fields of 

thunderstorms was einjihiyed for the purpose, and 
w;ive forms of the at mospluM'ics w<‘re recorded by 
means of a cathode r:iy oscillo«rra|)h. 'Fhe whole 
e(|iiipnient workeil automatically and was so 
arran^red that n'cords were taken only when fhe 
aerial was char*;ed by an atmospheritr ;ib«»ve :i certain 
minimum potential. Observational ICinjjc’s ('olle;;(* 
(anti alsti in Norway by Norintler) showetl that the 
t'lectrical disturbance set np by an atnm-pheric conhl 
be divided into two groups : one a t^ronp ol hijrh 
fre(inem*y waves (‘J.'it)!) tt) l(M)OI) per second) and 
the other a j^ronp of low fretpicncy i»er second). 


The twi> jii’iHips travf'lled with tlitlereiif vehicities. 
Ftir thnnder.'t«»rms of near ori<rin the former was 
siip(‘rimpo>i-d on the latter. For the distant ones 
the two groups were separated and knowing: tin* 
time-'‘eparat ion it wa^. possible to ealcniatt* the 
ilist.anct* ol the origin of the alino>j)heric‘. 

•Vt ( ’ambi*i«l^e, .Mr I!atelif1e was eii^a^rcd in 
iiive>t i^ations on polari/at ion of do\\ n«‘omini; waves, 
retleetion and ab^orpt ii ni enelVieitail ^ of tlitlereiit 
iono^phei'ic r(‘<rions and on (‘olli'sional frei|neneies 
tlier(‘in. 'File tran>'niilier and the reeeivi*!* wei'e 
about i»ne and a half kilomeii'c apai'l and wert* (‘on- 
neeteil by land line>. 'File forniei* wa-^ located in 
an ohi bnihlin^■ of the S.ihir Plix-ie- < )bservatory 
:ind the latter wa-^ in a lint in an open liehl. Si.\ 
ditlerent wavelength- were eniploxed at the trans- 
mitter and the obsi-rver at the reeeivinii' lint could 
operate the t ran>niitter iroin there and brin^ any 
one of the wax eleiiilth^ illto.operal ion. 

.Mr l‘.ckei*sley t»l the .M.areoiii Iie*«eareh Labo- 
ratory ai ( 'ln‘lni'«foi d was eiiiiaoed in stndyin;; tin* 
seatterinu of waves from the ionosphere. 'Fhere was 
rea'^on to believe that the ionosphere mio'ht have a 
"pattdiy’ strnetni’e, and if the si/e of the patches was 
comparable xvith the xvaxelenoth employed, then it 
w;is possible that when the refrai'tive index of the 
liatches a|>proaehed zero value tliei’e would be copi- 
ous scat terini*'. N’^ery |>«>xverfnl t ran*'mitters had to 
bi* eiiiphjyed to study the seatlei*inir plieiiomena. .Mr 
h]<’kersh*y was, however, fortunate in this respei-t, 
bei'aiisi* he could avail himself of the hijih poxver 
short xvave eonmnataal transmitters of the .Marcami 
(’o. Ileeords i»f eehoj's from ereat hei'^hts indi<‘a- 
tinj; the existema* of ionospii<‘ric layers at lt)l)f) km 
:ind .above were reported by vaia’oiis observers from 
tiim* to time ac(*ordin;j; to levels of tin* ionospluae. 

Mention was made of another ionosplna'ic in- 
vestitrator, l)ril. I lollin^worth, who had doiu* impor- 
tant xx'ork in eomu'ction xvith the sudden change of 
poiari/.:ition of lon^ w.ix'cs during sunrise .and sunset. 
I nfortnnately it had not been possibh* for l*rof. 
I lollin^worth to continiH' his investigation sima* he 
took up till* professorship of (deetri«*al (ai^ineerin^ 
in the I’niversity of Manchester. It is dilVnailt to 
obtain facilities for such investij^ation in a crowded 
city. 
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A( tlu* linpi‘ri:il of Sciciico iiiul Torli- 

nolojry, Loiidnii, tliool'cl ic:il iiivosti^Mtiniis of 
iiii|»ort:in('(‘ on <|no''lioris rcljitiiifi: (o tin* loiii/in^ 
iiifliiciH'O of sol;ir r:uli:i(ioii, orljiiii of 
cMiiTciit systnii in iln* iippor- ntinosplicri* 
rf‘spoMsi1>]«» for i1iiirii:il VMi'iation of terrestrial 
ina^iH'tisin, a<'fion of eliarircMl and iiiiehar<red 
par(iel(‘s emanating from tlie snii on upper :itm(»s- 
plierie ionizafion, eonnexion of tlie former witli 
ina^netie storm and on similar other (pH^sfioiis 
w<*r(* heinjj earri<‘d on iin(h*r the inspiring; ^nidanee 
of Prof. S. ( /liapmaii. 

'riie ]irol)Iem of »»zone in the npp<'r atmosphere 
was now eorn'ernin'T ionosplierie in vest ijja tors on 
aeemint of the reciMit discovery of ioni/ed layer’s in 
tin* lower and middle atmosph<M'(*. The main centre 
of ozone resonreh in Kn<rland was' at (Oxford where 
Dr Dobson was <*ondnetiii}4 valnabh* observations 
in this held. He had nuMMitly developed a very 
eompaet and iii^ciaiirms apparatus for determination 
«d' the ozone content from observation of the lij^ht 
of the zcaiith sky. The apparatus worked even 
when the sky was clouded and was v<*ry rapidly 
working ; only about 10 minutes siiIVummI for obtain- 
ing tin* actual ozone eemtimt from th<« obscM’vational 
data. 

The Radio Researcli Board 

Prof. Mitra laid partienlar stress on tin* j^reat 
impetus jriven lo ionospheric and allied investiga- 
tions in Kurland by tin* Hadio Keseareh Board. 
The Board was originally (‘st.ab]ishe<l in B)*J0 for 
<‘o-ordinatin^ radio resear<*h carried out by the 
lijrhtiiij; services and the Post ( )llic*e and to provide 
for res<‘an‘h work of a fundamental nature. In 
recent years it ha<l been devotiii^r more and more 
attfsition to the x'cond part of its programme and 
was en<j:aij:<sl in elleetiny: closer co-operation between 
ni(‘n enjrajred in tin* practical advani*«»s of the art »»f 
wireless si^nallint; on the one hand, with men i»f 
seiiMiee well vorsi-d in the physical foundation of 
wireless on the other hand, without which satKs- 
factory projrress in the ai t of radio was impossible. 


The Board was controlled by represents\tives of the 
i\<imiralty, the Post ()irn*e, tin? Meteorolo^^ieal 
D(‘partment, thes War 0(lh*e, the Marconi (^o., and 
the nniviM’sities, and independent physicists. At 
the present inomcmt most of the radio research Avork 
at (iitlerent centres in Kn^laiid was bein^ carried 
on at the instani'e and the initiative; of this Boanl. 
The funds were beiii^ supplied from lln» National 
Physical Ijaboratory, the Department of Seientilie 
and Industrial Besear4'h, and from contributions 
made by various ot.h(*r ‘^oviM’iiment (h^partmeiits and 
seientilie bodies. Siieli bodi'>s with similar objed 
and constitution had b(M>n fonmhsl in (^inada, 
Australia, and Japan and W(‘re entinJy linaneed by 
their nspective {rovernmmits. 

In Germany 

In (lermany, ionospheric studies wen* la'iiijx 
carried on at two plae(*s: in Berlin at the IlfMiirich 
Hertz Institnt and in Munich at the Technisehe 
Hochsehide. At the former Prof. Wanner was for 
a lon^ time the din*etor, and was resp^msible for 
or^aiiizinjjc the second l*olar Year Rxpe<li<ion at 
Tromsb. lie had recently retired and the presi*nt 
director was Dr Leithanser. The ionos|)h(‘re appara- 
tus Avas not hieate< I at tin* Heinrich Ibn’tz Institnt 
AA*hieh, on aceonnt of its beiiij^ in the* h(‘art of the 
4*ity, AA'as liabh* to interferin'; disliirbaiu'es, bnt had 
been erected in the outskirts of tin; city, (\intinnons 
nrord of the heights of the \’ari4His ionospheric 
rejjfions Avas kept then*. At Mnnich, Dr (lonbaii 
Avas earryin«j: on A^aliiable Avork under the {JciiidaiK'e 
of Prof. ZeniK ek. Ib*r(* als«) eontinnons reeonl »»f 
ionosphm’ic heij;hts Avas kj'pt and, in order to avohl 
parasitic eh>etrical noises, tin; e(|nipmcnt had b(‘en 
<*rected ill a place about iSO km from the city of 
Munich. At both Bi'rliii and Mnnieh evidence of 
rellecthm from j;reat heij;hts ( IDIM) kni and aboA’<*) 
had beiMi obtaimsl. 

France, Norway and Italy 

Practically no ionospheric AVork Avas b(‘iny: done 
ill France. M. Joiiast of Laboratoin* Ci*ntral 
tlTJIeetricili^ AA^as the only person inf (Tested in the 
problem, lb* intended to start AVork in this tield in 
near fntnn;. 
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Otiior n)mitric.s in Kiirn|K; wlim* iinpoiiniit 
ionnsplioric work wjis Immiijt carriiHl on wen* Norway 
niid Italy. Tlin iianin of Tronisd in <Ik* I'ornKT was 
now familiar lK‘<‘aii.S(‘ it was in (his small town 
(\j\iL N/ fionjx. K) that th(5 observations 

(1iirin;r the. secroml polar year were <‘arri(‘d out under 
the joint aiispiees of Ib-itish National (/ommittee 
and the Norwe^rian (loveniim'iit. The <»bservations 
were beinjr still eontinm'd at the Nbirdlysobserva- 
tori(*t of whi(‘h Prof, llaraii^r was tlu! head. In 
Italy Prof. Han/.i was investijjjatinjr tin? eonnexion 
betwe(Mi thmiderstorms and iippca* atmosph(M‘e 
ionization at the Hi^hi rnstitiite, Holo^na. Ibi- 
foHiinately, for want of tinn*. Prof. Mitra was 
unable to visit these important stations. 

In the United States 

In the United States of AimM’iea at West 
Virnjinia, Prof. C\»lweII ami his associates were 
workiiijij on this snbjeet. Their n‘e<'iv<*r was very 
well desi^m‘il amk besides the eelmes from (he 
middle atmosphere (7)7) km and *?“» km), whi<‘h w<*r<* 
orijiinally <let(‘et(‘d at Ualeiitta, they ha<l been aide 
to obtain telioes from so low a heio;ht as o km. 
The* orij^in of the.se low li(*iy:h( eehoes was still 
iinee'rtain but the e.xperimeiital evi(h-ii<M‘ in favour 
of the'ir existence seemed to be indi.<pntable. 

At Washinjrton. the ioimsphen* was beinjr -.tiid'esl 
in two laboratories, enn* was the Nathmal Ihire*aii of 
Standards and the other at the Depart im’iit ed 
rern-strial Majinetisin «»f tin* Uarnejrb' Institution. 
At tin* former Messrs Ik ( Jillilaiid, S. S. Kiiby, 
I). M Stuart, X. Smith ainl S. K. |{fymer w<*n* 
enjxajjed in the work. ^Fhe miiltilre<|iiem‘v aiito- 
niatie reet>nh*r originally eleviscel by (iilliland was 
eree'ted at Ik*llsville station about iM kilometres N. K. 
fnmi tin* Ihireaii of Stamlards bnildinuC'^. .\nother 
recorder with many improvenn*nts ove*r tin* e»ri}final 
one was now at work at. aimtln-r station at Meaelow 
Field. M(*ntion was imnh* «d a particularly n.selnl 
eqiiipm(*nt at (he latter |dac(*. .\n automatic rec»»rder 
c»f fi(*ld strenjjth r(*,u; st(*red the diurnal and sea.sonal 
variation of signal strenpjlh and the \K'riodicities oi 


signal fadings of in*ar and distant statioiH. A <*lo.se 
stinly of (ln‘.s<* records (‘nabh*d (un* to trace lh(* 
nature of tin* p.iths fullowi'd by the indirect rays 
from the transmitter to the r(*c«*iver thron'j;h tin* 
various regions of tin* iom»sphere. 

.\t tin* Depart mi*nt «»f 'rerrestrial Mau:in*tlsm of 
the t’ai'iiejiie Institution of which Dr h'leniin^ is the 
head. Dr L. V. Perkner alon^ with Mr II. W. W.*lls 
ainl K. It. .Indson were en^raj^ed in ionospln‘ric in- 
ve.stijr.iiion. Iterkner and his as.so<-ia(es, M^*IIs 
and Seaton, had developed an aiitoinatie record«*r 
for the so-ealh*d (P'-f) enrvi*. It was er(*ct<*d at 
Keiisinirton h'ield about 7 kilonietr(*s from the bnild- 
injjs oi tin* Ih'parlnn'nt. 'Fhe ei|nipment was fully 
aiitomatii* and was oin* of the best of siieli types of 
apparatus. |*'o:ir of tlie^* were bein^ <*onstrncted, 
one lor each o| the iollowin^ plaees of observation : 
Washington, .\laska (Uamnla^ I biain*ayo (Pern) and 
Weatln*roo (Australia), '^rransniiltiiijr aerials with 
appropriate fej*der system had been devised which 
kept the impedanc*(*.s nau’e or h'fts matched over a 
wide ranjjjc* (d' freijiiencies. The radiations from 
the aerials do not chaii're «rprji()y when the wave- 
Ic'ti^th of tin* transmitter was eontiniioiisly charged. 
Ionospheric work was also beinj; carried on umh*r 
the diri*ction of Mr K. ( ). Ilnlbert at tin* Naval 
Ue.s<*arch Laboratory. W'ashiiifxton. Prof. Mitra 
eonid not visit the laboratt»ry as it was not open t(» 
foreigners. 

.\t (he pell Telephone 1 /dxtratories at De:d, 
New Jersey, two W(‘ll known invest ijr;itnrs, Me.ssrs 
\y. M. (loodall ami J. P. Sehafer wi*n* «*arryinir on 
very important work on diurnal and sea-^aanal varia- 
tions of the ionos|)here ami on the (*lVecl of niet(*ors. 
'Fhere (raiismitler and n*eeiver wei*e both lo<‘a(ed 
sid(‘ by .sid(‘ and could Ik* opei'ated by one and tin* 
same observ(*r. 

.\notln*r place in the St.ites whi*ie iono.spln*ric 
investijrat ions were beiiiir eoiidneted was the ('riift 
Pliysical Labtiratory at llarvanl under Prof. II. P. 
Miniiio. Here* al.so tln*n* was arran;!:enn*nt f«ir ant«»- 
niatie ri*(M)rds and a vast amount ed' data n'^xardinu: 
ionosphei'ic ln*i»:ht'^ and de*iisilies hael lK*(*n e*edh*etf*d. 
Pet'ords ed’ n*llei ti«ni from «i:n*at ln*i.iihts which an* 
called (i lay<‘r by Pnd'. Miinno had bi*(*n obtaim*d. 
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IVnl’. iMiliiiio \v:i.s Ix-iiijr asHstcd in liis wink by Mi- 
ll. Srlvuly:*'. 

M<‘ii(ioii w:is in.'idc nF Mno(1i(T institution, tlu; 
niii(‘ Hill ( )l)>crv:itorv iibniit ‘JO kin. IVoiii II:ii*v:inl, 
wln*n* v<*i*y iiitofcstiii*; observations on tin* signal 
streii^itli oF ultra short waves (b to 7 metre) wia-t* 
beiiijx made. 'I'lie sijfiials wer<* Foiiml to reaeli well 
beyond the nptieal raii^e (whieh is ]iinit(‘d by the 
eni*vatnre oF the earth) and soiiietiines show(‘<l ab- 
normal streii^tli. Dr (\ V. Ih'ooks was in eharj^e 
oF this observatory. It w:is believed that then* is 
stron;:; ein'i'elatinii b»‘twe(*n abnormal sijiiial str<*n«xth 
and tem|)eraf lire inversion in the upper trnpsplien*. 
tTlie l.-itter was obtaiiMMl with tin* In'lji oF radio- 
met eoro^raplis >. 'riie results wi*ie oF obvious import- 
anet* in eomn'etion with the radio eehoes From low 
heights as iib.serveil by I'roF. (’olwell at West 
Virginia and also with re.y:ard to television trans- 
mission on ultra short wave's. 

Investigations in siibj<*<*ts alliiMl to tin* i<ino.spln*n* 
wen* beiiijr e‘<»n<hnte*<l by Mr ( ). II. (Jish and by 
.Mr (j. .MeNish at the ( arne^ie* Institnt ion. 'rin* 
Former Innl made systeinat i<* analysis oF r(‘eords oF 
e'ondnetivity obtaim'd by stratosphere balhion tliu:hts, 
partie'iilarly that oF 10\p’ore*r 11 on Ne»v. 11, 11t!h\ 
'rin* latter had maeh* important study oF tin* eleetrie* 
eiirreiit s\stem in the n|)per atmosphere whieh eoiild 
be responsible For prodiieiiijL;; eertain types oF nia;r|H>- 
tii* distiirbaiiee. 

Tlio B. B. C. 

IVoFessor .Mitra had also the opportunity <»F visit- 
ing some oF tin* M. IS. ( ^ transmitting and n*.seareli 
stations thron^rh the eonrl<*sy oF tin* (‘liieF Kny^iiiecr 
Sir No<*l Ashbrielire. .Mr. D. W. Hayes, Dy. (’hieF 
Knjiiiieer arranged the trips and the followiiijj^ stations 
wen* visit<*<l. Tin* 1>. li. V. National 'rransmitter 
(lot) KW), Droitwieh, tin* short wave Kmpire 
Station, l)av(*iitry, tin* H. Ik (\ r(*se*an*h station, 
Nij^htinjiah* Sqiiaie*, liemdoii and tin* Freipieiicy 
standardi/in;;: station at Tatsfield. 


Tin* B.BO. organization consists mainly of a ln*ad 
oiliect and a niimb(*r of regional transmitte'i-s (*aeh 
servinjr u particailar area of On*at llritain and N. 
Ireland. These stations are link(*d toy:elln*r by lii^ii 
trnule U*h*phone lines so that, if desired, it is possibh* 
to broad(‘ast simiiltaneoiisly the sann* programme 
from all the stations. Tin* so-eall(*d National Bro- 
^rammes belong to this class. K-ich station also 
organizes programmes ada|)ted to its special ne(*ds 
and broadcasts what is called l{(‘^ional Programmes. 
The hvo pro^ramnn*s an* on two diiVereiit wave- 
lengths. It was propos<>d sonn'tinie aj^o that then*, 
shoiihl be a central hi;:;h power sbitioii sitiiati'd at 
some eonveiiieiit placi* which would transmit i>n 
loiitr wave and s(>rv(‘ tin* whole of the British Isles. 
The National Transmitter at Droitwieh was tin* 
<Hit(‘onie of this proposal, 'riie Droitwi(*h 'I'rans- 
iiiitti*!' was e(|nipi)ed with fin* latest improv<*nn*nts 
and Worked on a wa\'elen^lh of IbOO meti'i*s. I'n- 
like the reu[ional stations, the D. ( powc*r ln*i-e was 
obtained by conversion From A.D. reclirn*il by mer- 
cnry-arc rectiliei's. ^Fln* aerial system was a sinirle 
wire 'r-aerial sMpp«U'ted by lw<» 7t)f) Ft masts. Be- 
sides this larjL>;(* transmitter, Droitwieh has also :i 
bt) KW traii.Hiintter working: on a nn*diiim wave- 
leiij^th lor s(*rvinjL!: local area. 

OF tin* n'jxional transmitti'i's five were more or 
h*ss of the sann* typ<* and W(*re bit KM’ <*aeh. 'I'wo 
n*eenl ones, one near Belfast, N. Ireland and tin* 
other at Biirjihead in N. Si*ol land w<*re «d‘ more rc*- 
c<*nt tyj)!*. Tin* lirst was |l)t) KW and the second 

tiO KM'. 

The obji'ciid' tin* shortwave Kmpire Station at 
Daveiitry was to serve? tin* whole of tin* British 
Kmpire. '^riie ranj£«* of wav(*Ienjxth iiseel was tVoni 
11 ti> .bl) nn*tres. Tln*re we*re si.v transmissijins 

dnrini;‘Jl hours and they wen* so arraiij^ed that an 
e-ve'iiin*; period in some* part ed* the hbnpin* r(*c(*ived 
a proy:ramnn*. 'Fin* wav<*leny:fh and tin* a<*rial 
sysbMii we*re also (*)ian^r*d to suit tin* hour of the* 
transmissie)n and tin* country iub*uded to In? s(*rvetl. 
I'he nec(*ssary Fr(*c|U(*ncy chany;(‘ in the transmit t<*r 
\vas e*arrie*d «)Ut manually by chaiit^in^ tin* a]>pro- 
])riat<* coils ete*., in the oscillatory circuits. Tin? 
^eii(*ra] design of the aerial .systeau was simple. It 
consisted of a number of half wave aenai.s (i5(*u(*rally 
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4 to 5) stockod ono nbovi; tlu* otlior s«*|)(‘ni(rd by 
liiiir \vav(‘l(‘ii^tli and siipportod from two oOO ft. 
masts. MxpcM’imonts won* boinj; ma<lo l)y till in*; 
tlio piano of tln^ aerial system to iind out tlio din‘o- 
tion ill whioli tin* waves should be projeeleil to 
produce the most etleelivo result. Tin* whole e<|uip- 
nient — the aerials and the transnii(t<‘r — were still 
in (*xperim(*ntal sta^e and reports from listenei's all 
over the worhl were beiny: collected to jjain inlbr- 
mation about the most suitabh* wavelen<r|h, the type 
of tin* a(‘rials and the hours of transmission for a 
parti<*ular country. 

Tin? res<‘ar<'h station of tin* at Nijrlitintjale 

Sipiare, a suburb of Loudon was established for 


<*ar!*yiny; out researches on enjuineeriny: problems 
arisiiiyr mit nf tin* teehiiieal di'Vehipment of broad- 
ca.^liiiy: tran*<niitters. Professor Mitia met there 
Mr II. L. Ivii'kf*, ln*ad of the research d(‘parlment, 
who. it miy:hl be rememliered, <‘ann* out. to India 
last yi‘ar as an expert to advice the (lovermnent of 
India «»n the future tlevi*lopun*ut of broadi'astiny;. 
AuioiiirNt the researelies which were beiny; <‘arried 
oil here niie eoiild iin'iitioii develnpmeiit of ribbon 
iiiierophnue, liehl streiiyitli of ultra short, waves in 
(‘omn'etinii with tele-broa«leas|iuy, stinlio acoustics 
i‘tr. 

At Tat'jlield, alioiit 1 o mih*s smith west of 
Nijihtiujfah* Si|uare, frec|ueneies of tin* I5.H.(^. trans- 
missions and also of eontim(*utal stations were check- 
(‘d and uiea<<ured with yri'at a(*euraey. 


SWANSCOMBK SKULL 


'rile occipital the h*fl parietal «uiiiplcte hoins of 
the Swauscomhe skull liavc hccii discovered in .lime 
and .Marcii respectively. Ilolli wen* found 

in the same layer and 21* feet helow the surface of 
tin* earth and in the inid-yiravels of the. lower 'riiaiiies 
at Swaiiseoinbe in K(*iiL. 

Aeeordiny; to Marston the occipital hone of the 


Swanseomhi* skull ditfers markedly from the Neaiider 
tiial type hut approximates »*lo.sely to the Piltdowii 
type. .Marston says, "It is fell that the new skull 
is to he regarded detinifely as a precursor to the 
I’iltdown type.” In his opinion Swaiiseoinhe is more 
primitive than tin* Piltdown. 

Mincndra Nath Jiasii. 
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I'hc Educcition of Subnoniicil Children 


L R. Shukici 

Teacher a* Trainlnir College. Benares 

lll-ro ilio prcseiil tiino tlio prol)l»Mn nf odiicatinji; 
.siibiioriniil eliildroii lias not nroivod any sp<M‘ial 
attontioii ol* (lie ediieatinnists in (Ids eoiiidry. Fii 
ether eivilized <‘(iiiii(ries nf (Ik* world, we (hid spe- 
eial provision made for (lu'ir ediieatioii. M(*di<‘ai 
men have <‘o-opera(e<l wilh f)sy<‘ho|o}rists in eomliK*- 
(intr H'searehes for lindintc out (he best niediod of 
ediieatin^ them. lOdneatioiial experiiiK'iits are made 
and sehools are organized in aeeordanee with prin- 
ciples siiecessfnily established by such experinieiHs. 
( )iirs has b(*(*n a |)oliev of indejerminism in ediK*a- 
tional mat(ers ; but we can no longer a (lord (t> fob 
low this |)oli<*y of mere ilrifi, for it alVeets very 
adversely (Ik* avcII Iwinj; of (he iiadon. 'Fhe results 
of ediieational experiments show (hat all ^•hildren 
cannot be treated alike. NVhat is meat for the 
normal child may be poison for the snbnonmd. 

'File problem of (Mliieatini; subnormal <‘hildren is 
divisible into (wo minor problems : (/) (he proldein 
of ediK-atinj^ the !iiiK*n(s, (//) that of <>diiea( in£r (Ik* 
baekwanl. Ije( us (‘oiisider each of ( hese problems 
s<*parat.ely. 

"FIk* aments fortunately birm a very small per- 
centae:e of (he school «roinjr population. In Kii^land 
tlu'v have been e>(.imate <1 to vary from 'To'w to ITi'/y 
ol the total number of the children of s<'hool-^oiii;; 
aj;e in diilerent. eonniies. ^riiere are about 
schools li»r such children in the Knit(*d Kingdom, 
l-he anK*nts iiudiKh* tin* itiiots, the imbeeih*s and (Ik* 
teebleniinded. In (he ease of such children (here is 
some marked ilefeet in the constitution of* (he brain. 
They are absolutely incapable* f)f higher processes of 
cerebration, and even tlK‘ir perea-ptions are confnseil 
and blurred. In a jrn*at nnnd)er of <*ases the pow'er 
of inliibitin^ (he impulses or formin*; n'sointions is 
very feeble, and they seem ((iiite incapable of sns- 
tiiined eilbi t. Ordinarily ;iinents are a burden to 


soeii'ty. Souk* an* incapable of taking can* of them- 
selves ami SOUK* merely swell the number of paupers 
and criminals in (Ik* (‘onntry. 'Fo make something 
out of tlK*m and to previait (hem from becoming 
anti-social (he stale shoiihl tak<* upon itself (he res- 
ponsibility of imparting such knowh*< 1 ^e .mikI (rain- 
injr (o (hem as will enable (hem («» earn (la-ir livinjr 
:ind to .adjust themselv<‘s properly to tlir'ii' soi*ial 
f*nvironment. 

The .‘iments <-;ni be easily distintriiished from (he 
normal (‘hihlrtai by (heir niiu:ainly appearance, 
uiistiaidy movements, awkwarti 111:111111*1* of handling 
obji'cts and diseonm‘e(«*dness in speech. '^Fh(*y are 
nmibh* to aiiswc*!* eorrei*tIy simph* i|nes(ions rejrai- 
dinjr their n*l:itiv(‘s, homes, or ‘jivi* description of 
phu*es s<*en. They cannot m:d<e simple aihlitions 
and subtnu’tions. Their pnwer of visualizing objects, 
of <*om|)arin^ om* with another is very limiteil. 
^I'Ik'v can describe things presi'iit befma* (lir'ii* eyc*s 
to a eer(:iin (‘xtent but (In* |>:is( lmpn*ssions are m»t 
clearly retained. If we try to know* tlu-ir f)as( his- 
tory "we would lind (hat they took longer time in 
teethinji:, ;ief|uiriii<i: the power of sp<>(>eh, and jibility 
to stand ;im^ W'alk. Sinm* children of (his type an* 
found s(;nnmerinir in Ia((‘r life :ilso. 

The aments ri'ipiire to be tanjrht in speci:il 
schools by sp(*ei;illy (|u:di(icd teaclK*rs. Seijiiin in 
Ih*lirium (*«»ndne(ed (‘xp(*rinK*nts :ind has (*volved the 
well-know’ii Decroly Method of teaehin«r (hem. Ae- 
eordinir to Senruin, '\*dn(‘a(ion consists in (Ik* adap- 
tation of the prineiph*s of physiolc^yry thr')inj:h phy- 
siological means and ins(rnin(*nts (.0 (ho d(*velopment 
of the dymimic, pen*optivc, r(‘floetiv<* and sponta- 
neous fnnetions of the youth. The teacher has (o aim 
at. enaldiny: the aments to control (lK*ir muscles and at 
traininjr (heir sens(*s. What wo find in a Montessori 
school doiK* with normal children wo hav«? to do in 
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tlio <»f tlu* anuMils also wlio an* usually 

{rmwii up. TIk* lirst lossfiiis will consisf nf liaiHlliti^ 
o1)jo(‘ts, koopinK tlu'iii in pn»p<*r plai'cs ami aiTaiijrintr 
tlic'iii a<*<*onliii*; a partinilar onl<*r. ( )l‘ «‘oiirs(‘ 
tlu* okjocfs will 1>n (liflon'iit From llioso l\niml in a 
Mnnt.os'^nri s<‘1k»oI. AFfor <lu“^f* pn'liniinary lr^'<nn>i 
in <*«)nlro1 oF ninsclcs they would la* j^ivon son << 0-1 rai- 
ning. Kaoli souse* is to lx* (raiiX'd as Far as pnssihlo 
in isolation From otiiors. TIh'V would lx* taii<;lit to 
distinjj;nisli tho sliapos and si/os nF nhji'ots aixl 
difloronoos nF oulniir and sounds. Similarly tlx* id<*a 
f»F woijrlif. will lx* irive*!! I»y at'tnally making; thoin lilt 
okjocts oF dilloront woinrlifs. In tins way tlx* sove*ral 
sonsos tlx* oyo, tlx* <*ar, tlx* noso, tlx* monfli, tlx* 
skin and tlx* nmsolos will lx* soparatoly traiixMl. 

Tlx* Fonmiation oF all iix'iital <love>|npitx*nt is 
poroxption aixl siixx* tlx* |x>n'optinns oF tlx* amont 
an* nsnally hlnrn'd and Faulty it is ix‘o<'ssary to j^ivo 
him soiis('-t raining to onahh* him to have* oorr^of 
p<*rooptions. IF tlx* impressions <*om<‘ in rapxl 
six*<*(‘ssion lx* Fails to pi<*h thorn np as ihoy t*onx* 
and to sort tlx*m into tlx*ir prop<>r ^roii|is at mxa*, 
as is done* hy tlx* normal iiiiixl. Iloinro ono im- 
pri'ssioii is <*oeni/<*<l anothor oomos in and tlx* two 
j£<*t min^lod, so that, tho not rosidl is only a liliirrod 
and vayjix* oonsoioiisnoss <d' olijoots. IIoixm* tlx* 
])ivx*(‘ss oF (‘ehx'ation woiiM omisist in y;ivinjif sonse- 
t raining; to tlx* ohild in siioli a way that (*aoh s(*nso 
is traiix*d slowly, ae'e'iiratoly, anel s«*parat<*ly From 
ot1x*rs. At a lat<*r stame* tlx* t<*aohor will try to im- 
part tlx*m kixiwh'eli^o <d' ohje'i'ts as a whole* aixl ask 
tlx'in l.e) pf*rForm simple* a«*tivitie*s. '^rhns ^raehially 
*tlx* syiithotie* ae'tivity e»F e*ons<*ion>noss’ will lx* 
awake*ix*<l and tlx* e’hilel will lx* inte*lle*e*tnally im- 
provf*el. 

It <*annot, lx>wi've*r, lx* hope*d that tlx* anx>nt 
would ooine* np to tlx* nx*ntal statnn* id tlx* normal 
(*hihl. Ihit snroly sonu*thine can lx* maeh* out oF 
him by j^ivinj^ him propor e*elne*ation. Dnriiijr an 
(*x|K*riiix*nt <*e>mlne*tod by Madame* Monte*SM»ri at 
Komo ill the* odne*ation e»F tlx* F(*e*ble'-niinele*el e'hildrf*n, 
semx* of tlx*m aFte*!* be*inii[ oelnoatoel by this nx*thod 
For a timn ^ivw so muoh in inte*lli»:e*noe* as to obtain 
scorns cMpial to normal i*hihln*n in inte*lliiroiu*o t(*sts 


admiiiiste*n‘e1 to thorn. Conse*e|ii(*ntly tlx*y won* 
tran^Forroel to ordinary schools. Ihit \\o may say 
he*re* t hat tlx'so <*ase*s oF se)-e‘alle*el aiix'iits we*n* ix»t 
e*ase*s ol r4*al amonts, but oF<*hih1n*n wlx), elix* to sexno 
f*nvironmontal e*aiisos, <howe‘<I thomsj-lve*s inFe'rior to 
onlinary ohilelre>n. Proniiix*nt amonj; siioli e*ans(*s 
are* eli^oaso. malmitritiem, iinlx-althy habitation, and 
improper care dnriixjr the* e*a]‘ly |X‘rioel oF lilV*. As 
to eh'velopiiiLr tlx* intcilijrr'nce oF n*al ame*nts, psy- 
e*holoji!:i*‘ts arc oF opinion that “no nx*ans e*xists eir 
will e*ve*r e*xist hy which we* can supply int(*llij[roix*e* 
to tlx* mentally di'licicnt. l‘'a(*h oF tlx'se* <*hildre*n 
has n <*<T(ain cap:x*ity For elcve>lopment aixl in tlx* 
ale cnee e>F appropriate* tiaininir will re*main iin- 
<Ii*ve*lope*er\ 

I'lx* subnormal child rei|iiircs much more indivi- 
eliial attf‘ntion than the normal child. 'I'lx* class(*s 
oi six*h e‘hihlre‘n l•onsi.’^t o|‘ 12 to l.'i e‘hililre*n. Tlx*ri^ 
shoiilel always lx* an at mos|>he‘rc of (‘ncoiiraee>nx*nt 
aixl tlx* I'hild should lx* made cons(*if>iis of tlx* 
succi*ss .ittaincel by him at e*acli slsijri.. His curio- 
sity aixl intcre*sl in objects anil thinirs roiiixl him 
slxmlel bi* arons(*d. "|’he teacher has to work ae*corel- 
iiiLr to the inte*res|s oF tlx* chilel. 'rix*re* should be 
little in the ciirricnhim reeniiriixj: abstrae-t thinking, 
or lite*rary tr.iiniiiL^ ^^anllal oe*e*iipations should 
ix*cnpy tlx* major portion of his time*. A irri'at many 
e»F tlx* anx'iifs are* inte*re‘ste*<l in nmsie* aixl this taste* 
shonlel be ele‘ve‘|ope*d by proper traiiiiii'T. Similarly 
tlx*y shoiilel be eriven fraiiiinir in ilrawinir and 
paint in«i;. 

Tlx*rc are* tw«» classics e»F anx*nts #■/'•.., the* shi^^ish 
and the* e*xe-ilable*. The* Fe»rme*r are* slow in inovc- 
nx*nt aixl tlx* le*ae*he*r has to make* thi‘m ae*tive* by 
e‘re*atin^ in the*m an inte*re*st in ae't ivit ie*s tfoiii}; e>n 
all ronnel tlx*m. Tlx*y sliemhl lx* e*ix*e>nra^e*d to take 
part in iranx*s, rininin<;,anel mnsie* ilrill. Tlx*y eaijrlit 
te» be* e*n;]:a'xeel in sonx* Form e»F boelily ae*tiviti(Ls to 
e*nab]e* tlx'in tei ^^hake* ot1‘the*ir iix'i'tia. 

Tlx* anx*nts oF the* e*xe*ilable* nature have* little* 
pe»we*r ed' e‘oni‘i*n( rat iixj: attention on anything what- 
seM*vi*r. Tlx‘y shoiilel be* «rive*n we>rk that reepiire*s 
sittinu; at e>ne plaex*, fixing atle'iition em particular 
obje*e*ts and makiuji: boelily mov(*me*nts sti*a<1y. 
Kxe*re*ise*s ill papcr-e*utt iiit^, drawing;, painting, wexul- 
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win’k Mild jrjinljMiiiijr jm* Iniind v(‘ry siiitMlih* to siirh 
rliildr(‘n. 

'rii(‘ MiniMits :ir(> to iiitrodiiciMi to tlio 

Jl’s. Ill t(‘:iol)iii^ tliosi* siihjocts tin' ti*Mi*lMT 
should M|)|)ly tin* Dc'croly Mt^thod which consists in 
inakin^ (ivcrylliinj; ctnicrclc. Tin* child is to he 
cii:il>h‘d to h•:l^ll hy :ic(ii:dly doiii«r things, lie will 
he asked to note I'crtain teahircs of luiininon objects 
and animals and dcscrihi* th(*in in his own lan^iia^e 
as accnrat(*ly as possihh*. Thus his imagination will 
be d(‘Vcloped. While tca<‘hin^ arithmetic he will 
he jfivcii id(‘as of weij^rlits ainl measures by a<*tnally 
wci;!:hin^ and m(‘asiirin^ ohjc<*ts with his liaiids. He 
will be taught aildilioiis, subtractions and multi- 
plications with tin* help of heads ainl pehhh*s. 

Let ns now lake the problem of ediicatiiijj: the 
backward children. They are below tin* normal in 
intellitreiiee, yet are not so mentally delicient as to 
b(* <*lassed amonyr the aments, 'riicir [.<i. as measured 
by intelligence tests is foninl iisiially between 75 and 
IM), whereas the aments have an I. t^, below 75. 
Most of sin*h ehildr(*n beloiijj: to tin* class known as 
dull. Socially the problem of their education is far 
mori^ important than that of dt'aliu^ with the aments; 
for, as Diimvilh* ])oints out, tin* oin* hand they 
are min’h more ninn(*roiis and on the other tln*y will 
repay far more than the m(*ntally dern*ient for the 
can* bestowed upon them.’’ ^riiey form about 12 to 
lo percent of the school ^oin^ (‘hildr(*ii. Xo t*llbrt 
in our country is inaih* to tind such children out, 
much l(*ss to devise nn*thods for edueatiujj them. 
They are usually put in the sann* class as the 
onlinary (‘hildr(*n and arc* rei|nired to complete the 
same eoni’se of study as the Iall<*r do. Tin* residt 
is that tlin backward ehihl beinjr unable to ke<*p 
pa(‘(* with tin normal oin*, does not profit much by 
school instnn*tion. lb* often fails in annual ex- 
aminations and (*aeh tinn* he is detaiin‘d from promo- 
tion to a higher class and mad(* to study in tin* s:ime 
class ajrain. '^riiis hardly briu'rs any improvement 
in him. .\s he has to study the same subje«‘ts and 
usually tin* sann* text boi>ks ovm* ayjaiii, the task bc»- 
comes dull and monotonous. Ilis curiosity and 
initiative are thus killed. Knrther he sulVers in .self- 


respect as he has to bear the humiliation of failure 
ainl to sit with children younger than himself. Tln*y 
always look down iiji Hi him. lle(*:irries with him- 
.s(*lf a d(*featist nn*ntality all his life and so wln*n he 
comes out of edn(*ational institutions In* is found 
lacking in the spirit of (*nterprise and has seldom 
the courage* to take u|> new V(*ntures. 

'rin* normal (*hildr(*n also sillier on ai'coinit of the 
presence of backward oin*s ainon^r them. 'Fin* teacher 
has very ofU*n lo adjust his nn*thods to suit the 
iieinls of the latter, and (‘onse(|U(*ntly tln^ lessons be- 
come dull and boring to brighter (*hildren. .\^:iin 
these backward children an* usually much ohh‘r in 
a^e than the normal (‘hildr(*n of the same class. 
This brings about several cmotion:il situations which 
an* very diili(*iilt to .solve. The moral tone of the 
cla.ss detcriorate.s. In this way both the backward 
and the normal children sutler int(*lh*ctually as well 
as morally. 

It is the duty of tin* educators to find out tin* 
backward child at an early sta^e to a.scerlain 
wlH*th<*r the* (h*f<‘(*t is con^renital or is ac<|nired, and 
to (h'vise propiT nH*ans for his <*diication. 

The ba(*kward (*hild cannot be so easily found 
out as the ament (‘an be. Th(*n* is nothing in his 
outward appc*arance, b(*havionr, or speech to dis- 
tinguish him from normal (‘hihln*n. Hu* mov(*m(*nts 
(»f tin* limbs of tin* body an* well coordinated and 
in some cases la* excels normal children in physical 
activity — such as, drill, jj:amc*s, runninj;, jiimpinij:, 
jrymnastics, and performin«i: acts n'lpiirin^ ni(*(* 
b(»dily adjustments. As a matt(*r of fact, intcr(*st 
in i)hysieal activity is one* of the chief merits of such 
eliildn*!!. Wo cannot also lind th(*m out in oi'din.'iry 
conversation, for they are ii.siially only 12 to 15 per 
cent below tin* normal in int(*llijif(*nc(*, and are pretty 
W(*ll ac(tuaint(*d with tin* (‘nvironm(*nt in which th(*y 
live, and know how to deal with dillcrent kinds of 
people. The e.\aminat.ion r(*sults of the .school also 
d(» not h(*lp us h(*r(* much, for in a number of (‘ases, 
sp(*cially in low(*r cla.s.s('s, such (‘hildn*n by sheer 
industry man:i^<* to ^ct the minimum pa.ss mark.s, 
wh(*r(*as bri^ht<*r on(*s dm* to n(*}r]i^(Mice fail. Hut 
th(*se (*hildrcn an? (*apabh* mer(*ly of rote learning 
and doinjT nu'chaiiical work. They do not really 
apprcciatt* the true worth of tin*, studies and can 
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iimkc link* iiM* (»r ill lilV. tlu^v :i(l 

VMIMM* IVniii rliiss (i) <*I:iss they i'siil in iiiri'r.-i^iii^ 
niinilxTs, MS <ln* work in tlwsr «rrM«k‘s i)ci>oini‘s nion* 
(Icnnilnly inh'llrrhiMl, Mini l'l•l|llin‘s lit tin of nll•<‘il:l- 
iiicMl in(‘innri/Mn«r. 

[ntnlli^niinn tnsfs Inivn provcMl of spniMnl vmIiw 
in (iiniiiijL; bMckwMnInnss in cliiMrnn. ( M.iss n\:nnin:i- 
tioiis innrnly Insf m <*liil(rs knowlril^n, tlmy do not 
ti'sl. Iiis «i;nnorMl ndiicMbilif y, i»r intnlliLrciinn ms in- 
lirritcil by liiin. ^FIk* M<'(|nisition ol' knowit'd^c 
dcpninls upon (‘iivironinnnt, wlmn-Ms tin* «*liild’s in- 
tnlli^nnci* is Mil iiili(‘rit(‘d pnsscssion. It is jrivcii to 
lliiil niM'c* Inr mII. It is this pnssn^sioii wliinli flm 
iiitnllitiniMM* test spn<'iMlIy try to dntnnninc. “Mt'iitnl 
tnsts^* sMys Dnnivilin, “mi*** Mitnnipts to j^miuxi* fin* 
iibility wlii(‘li :i person pnsscsscs iiidnpcndnnt of 
Miiy ti'Mininji or tcMcliinjr. 'rinis to tost tin* iMphlity 
ol' n*Mdin^ nbility of six yoMi* old rliihlrnii IVoni 
dilinrniit rMinilins Mini st'liools would not ^ivn ns mii 
iiidioMtioii of sncli Mbilily. For stmn* nliildn>n mh* 
not nn<MMirMj;i*d to l<*Mrn rnMiliiijj: before tin* nyfe of 
six, wIicroMs otln'fs mh*. Iiiit to test (liein by MdxiiijLr 
<*Mt*li to r<*p<*Mt M s<*iit<*in*<* of sixteen syllnbles after 
OIK* iK*Mrin«i: of it would us some indieMtion. 

For all iiormal ebildreii of the m^(* in <pi<‘^Fion have 
ln‘Mrd and I'epeati'd a lari.e ainonnt of laniiiia^e.'* 

In Knrope and Aineriea a nuniber of tests liav<* 
been devis(*d and they have been tried upon a larije 
nniiiber of ehildren <if dill'erent aj;es. Asa result of 
theM* psyelioloj^ieal expei'iiiK'iits, voeafional iinidain i* 
bnr(*aus hav<* been <*stablished and parents and 
guardians of ehildren are advised to seek tin* onid- 
anee of experts in deleniiiniiiy; careers for their 
wards, '^riie experts advise* the se*hooI anlhoriti(*s 
also with n*i;ard to tin* (*dneation of ehihir(*ii with 
ditlen'iit int(*lh*et nal i*ap:ieity and aptitinh's. We 
stand s»)n*ly in nee*d ed' siieh bnr(*ans in e»nr eeniiitry. 
W%‘ have to d«*vis<‘ int«*Hi‘j:e*ne«' te*sts of our own, 
eiiibo<lyiii^ tin* priiu'iph's ol those* devise*d in the 
W’e'st, but siiite'd te» e»nr pe*e*nliar e*nvire»nnn*nts ainl 
habits of thiiikinii:. Afte'inpls are* l)e*in'i: uiaeh* at 
se*vi*ral phK*e*s, by indi vielnals anel institutions, te> 
di*vise* sn(*h te*sts. W'he*n the*y are* stanelardi/.e*el we 
shall lie ill a be*tt(*r peesifiem te» de*te*riniue* the* e*du- 
eablo eapae*it.y e»f (‘ae*!! (*liild than we are* at pre*se*nt. 


'rin* M*ln»e»| anthoritie's e*an at pre*sent. tind onf 
liaekwarel e'iiihl freiin his jxe*in*ral shiwne'ss in stinlie*s, 
his inability te> irrasp ab^trae't idi*as, anel aversieni 
to sin*h snbje*e*ts as inathe*m:i(ies and ^rannnar. iSn<*li 
a ehilel is idten feminl re'aelini; in a class be*leiw the* 
enn* normally ‘•nite*d to his ;inrc. In Minn* e*ase*s it is 
dm* to late* aelmissiem to tin* se*hoeil, iiite‘rrnpt ieni in 
sfnelie*s fhie* to elis(*ase‘ ol* ae‘e*ieiental e*ire*nnistain*es. 
'rin*se* slmnlel be* elist inirnisiie*el from e*ase*s of i‘on^i*ni- 
tal bae*kware|in*ss. Some* tinn*s myeipia en* slight 
ele‘atin*>>s e*ri*ate*s mental bae*k warelne*>s. W’ln*n the* 
ele*te*et'' ot sitrlit Mini he-ariii'j: are* re*niove*el vueli e*hild- 
re n re*>rain the*ir natural me*ntal peiwe*rs. 

'rin*re* shoiihl be* some spe*eial arran^e*nn*nt Ibr 
the* e*dne‘atiem eif the* re*:dly bae*lxwarel e*hiieln*n. In 
(le*rniany the*re* are* •^e*]iarale* •-e*hoeils for sne*h e‘hildr(‘ii. 
'rhe*re* the* inetlioel of t(‘ae‘hin^ elitlers, and the* sylla- 
bus e)f stndie*s is e*oniple‘te*el in a ion^e*r pe*rie>d than 
the* one* tixe*el for oreliiiary se'lniols. lint the* eiirri- 
e‘nhnii is the* same*. ('hilelre‘n win> make* ^exiel pree- 
«;r(*ss in stmlie*s in these* se*he»e»|s are* later traiisf(*rred 
tei eirelinary M'lmols, I'his syste*m, fhe»u;j:h it is jroeid 
in many re*spi*(*ts, has se*rions <lisadvaiitai;i*s. 'riiese* 
se*hools are* niek-nann'el by tin* pnblie* as ‘foeils’ or 
‘silly se*hooU’, and tin* boy wine is se*nl te» be* i*dneatiMl 
the*re fe*e*ls himsi*lf hmiiiliate*'!, lb* snn*i‘rs in s(*lf- 
re*spe*e*t Mini this lM*e‘omes a pote*iit. fae'ten* in the* n*- 
farelation of his pn>^re*ss. I*'nrlhe*r, the e*e)nrse*s of 
stnelie*s be*iinjf the* same* he* has tei le*arn a miiiibe*!* eif 
snbje*e*ts for whie*h In* has ne> aptitneh*. Lastly whe*ii 
he* e‘oiin*s out eif the*si‘ s(*ln)ols, havin<r always live*<1 
with the* subnormal, he* fails to adjilst hinise*lf tei the* 
seu-ial e*nvire>nnn*nt e>f the* normal pe'eiph*. 

Ill Ann*rie*a a dil1e>re*iit syste*m has be*e*n aile)pt(*d. 
In e*ae*h eiistrie't the*re* is semn* eerdiiiary se*heio| with 
an iini^raele'd e*lass. '^I'ln* size* eil the* e*lass is nni(‘h 

sinalle*!’ than for imrin-.d e*hihlre*n. 'Pin* 

e‘hilelre*n are* met fi‘el e»n the* same* inte*lh*e‘t iial pe*biihini 
as is femnel suitable* fe»r inn-mal e*hilelre*n. 'Plie* t*hild- 
re*n e»f the*se* nnu:rade*d e*l*ass mix with inermal e*hihlr(*n 
eliiriiij^ re*e*e*ss ainl ifame*s ami either e*\trae*iirrieiilar 
ae’tivit ie*s. anel the*y e*iife*r inle> (*eimpf*titio/i with 
tln*ni in sne*h ae-tivit ie*s. 'Pin* nn^raele*el e*lasse*s an* 
e*on'»iele*re*el as spe*e*ial e*e»ae*hin‘4: e*l*.issi*s anel seiine* 
e‘hilelre*ii an* pre>iiii>ii*d te» eirdiiiary <'lasse*s w1k*u the*y 
an* feiiind tit. 
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W<* niii liiodifitMl |■^n•||| of Jlio .system, pn'- 

valciit ill .\ni(*nV;i, for oiir baokwnnl cliiidnMi. Wo 
may put all tlw'^rowii up hoys in ono sot'tion of a (‘lass 
and allow tlicin to taki* np sid)iccts wliioli r(M|niro 
more of prac'tioal work rather than of ahstraet. think- 
iiifj. It shonld not he necessary for tlnan to learn 
as mneh of inatheiiiaties and grammar as th(‘ normal 
children do. Their eiiertfies may he dir(‘(‘t(‘d to 
maiinal (‘iiiployment. a(M|nisIti<m of arts and crafts, 
and to th(‘ study of sin'Ii snhjeets as hotaiiy and 
ajrrieiiltiin*. The haekward children, though they 
cannot, kec]) pac(‘ with tin* normal in stndi(‘s. do 
qiiiti* well in life. Tlu'y succeed as fariiK'rs, tradi'i's, 
carpenters, and artisans. Some of them have special 
aptitude for parti(‘nlar occupation and it will riqiay 
them innch hetter in life if they tried to heconn* 
masters in th(‘se, rather than waste their enerjjjies in 
the ae(|ni>itioiis of literaiy learninuf. 

Ihit the panaits and <j;;nardiaiis <d‘ sindi children 
may not need the advic(* of the experts when yfiveii. 
It may h(‘ dm* to nndne faith in liiek, predestination, 
or lack of faith in thosi* who ^ivi' advice. Another 
(*ans(* may he the jjeneral haekwardness of onr coun- 
try in industries and coninierce. Then* arc few 
av(‘nn(‘s of employment op(*n in tin* <*oniitry even 
for those who an* int<*ll(*<‘tnally superior and hav(* 
a(‘(|ninMl (he re(|nisite kind of t(‘elmical and (‘oinmer- 
(‘ial edm'ation. Iveform in education can only sn4‘(‘(‘(*d 
when r(‘forms in other dii'ec'tions also coim* in. 
I’idess (Hir industries an* properly protected hy tarrif 
walls and dev(*loped hy a wis(* policy of stat(* aid 
and cnconratremeiit, avemi(*s for employment will 
not op(‘n in snilicieiit niimh(‘r to ahsorh the j^rowin^ 
iinmher of literates from onr shoots will conti- 
nne rnshin^ t<»wards the niiiversitics for hijjher 
education howcv«‘r nnsnitahle it he for th(*m. The 
other <»|>tion is to work on the field as pi'lty hnshand- 
man, or to he contented with the small workshop of 
tin* smith or tin* carpent(*r. 


Wc liave above that the children who 

are below the normal in int(*lli^(*n(‘e should be dealt 
with in a niaiinor diHcrent from tin* one for ordinary 
children. Hnt this must not h*ad one to suppose 
that the inimher of such children is v(*ry lar^^c* in 
onr school. 

In this (‘onntry then* is no ('ompnisory education 
whi(‘h would have imnh* (‘hildren (d* even lower strata 
of society conn* t(» the .*«chool. ICven wlnn'c* then* is 
compnisory (‘diu'ation, tin* percent aji;(* is 12 to ITi. 
In India most of such (‘hildn*!! d(t not conn* to the 
school ; it is only tin* eiiildn*!! of tin* nn»re int(‘lli^ent 
clas.ses that do so. licnei; tin* percenta^f* is bound 
to he mn(*h lowi*r as has also h(*(*n found hy the 
e.xpcrinn*nts made hy the B(*nan*s Trainiii}; (\)||eju:(* 
in tcstiiijj int(*lli<i:ence. Tin* r(*siilts (d‘ public exami- 
nation, howev(*r, show a ditlen‘nt state of alVairs. 
Tln‘y W(*nld h‘ad ime to suppose that the majority 
of Indian pcoph* cimsists of snhiiormals. 
'riie tval (‘aiise id' tin* failures in the pnhli(‘ 
examinations is tin* str(*ss laid on tin* for(‘i^n 
laii^na^f* without mastering; which there can 
he no sncc(*ss in tin* (‘xaminatioiis. Xotliiii^ 
can hi* mon* unnatural than this, and it. has prodin'cd 
tin* wron^ inipri*ssion of a ^(*in*ral hackwardin*ss 
of the rac(», ^fln* n‘snlt «d* e\p(*rinn*nts in psycholoy:y 
show that the learning of a for(*i^n lan^na^i* is the 
most tiring of all tin* school snhj(*cts, and tin; normal 
child after the day's work is h*ft with no reservi* of 
.stri'ii^th to piirsin*, or cnltivati* any special inter(*st. 
It is hi^li time that (*dncational rcfornn*rs conn* 
fm'ward to prcv(*nt this (‘ollosal waste of ein*rjiy. 

W(* have* pleaded above for mon* cdncatimi and 
for wid(*r faciliti(*s for tin* (*din*ation id* all kinds (d* 
childr(*n, he tln*y snhnornial or bright. But wi* stress 
tin* in*ed id’ ^ivin^ diilercnt typ(*s id' cdncatioii to 
dilVerent types of students and of ammcinlin^ 
accordiiij^ly tin; system of school organization. 
Of course there is a need for industrial reforms in 
the country to brin^ this about. 
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In MiuMciif. tiiiios \vc» (iiid insiiiy n*l‘crcii<*<‘s i»l‘ 
on^riiics niid liiinKin luM't'dity. In soino of (Ih> 
rtH'ortIt'd wtii'ks wliirli li.-ivt* Im'cii pn*sfrvi*d froin 
fli(*s(* |)(‘riods flicn* iii:iy Im* f*»mid fc*rt;iin laws :iiid 
r<*u:nl:ifions :ifro<*h’n«r (In* wclfjin* of (In* liiiiii.in 
family. Mann’s mama^n laws show (ha( in tiiosr* 
days (In* knowh'd^c of <'ny[r*nlrs was not iinknown 
in Imlia. Tin* (in‘(*ks, win) rosr to omiinait lioi^lits 
a ft'W (‘(‘ntiirir's bnl’on* tlin (liristiaii era, li:nl defioitr* 
idnas rc^ardin^ ninronit's and iin'orporat-nd tlnan into 
r<*(i;nlations to bn follownd by all <*i(i/<‘ns. 

Sinnn tin* latt<*i* part of tin* ninntnfiith ri*ntiiry 
tin* biolo^inal and soniolojrical problniiis yrowiiiif out 
of nonsidcrations of linman ^l•ln*til^s liavn h*d to tin* 
<>stid)lislmn'n( of tin* ino<l(*rn sni(*n(M* of I'nirnnirs. 
(^'harh's Darwin, altlion^h bn di<l not dnal dirnctly 
with <*njrnni(*s, ^r(>atly sliiniilatod work alomr (iiis 
lim* by tin* nvolntionary iirinniplns whi«'h In* dis- 
<*ov<*rnd. His worthy cousin Krancis (b'liton is 
(■n*di(t*d with b<*iny; tin* r<*al foninlcr of the* niof|f*rn 
movnmnnt of (*n‘r(*ni(*s. fii tin* y<*ar iSSIt this 
scininM* was d(*finitnly rstablishod by him, who 
d<*tiin‘d it as “tin* study of all tin* ajrniu'ics under 
social cj)ntn)l wiiich may impmve or impair the* 
inborn epialitics of future •rcin’rat ions of man <*ither 
physii*ally or mentally”. At first litth* projrn*ss 
was imnlc but with tin* n’<lis<*ov«'ry of tin* Me*iHh*lian 
principh*s of hereelity at the be<rinninjLr of tin* 
twenti<*th ce*ntnry new inip<*tiis w'as jriven to tin* 
study of plant and animal treneti<*s. The M**inb*lian 
principles of brecelint; disclose* an cxpe*rimental 
methe)d e)f studying tin* manner in which the ln*redi- 
tary traits e)f individuals behaved amonj; crosses in 
later ffcn(*rations. Later, in IHOS, IVof(*ssf>r Lii«£cn 
Fischer of He*rlin first applie‘d these* principles to 
the study of mankiinl and thus de*vclope*d a m*w 
lino in the study of ant lire )poh)jxy. In the year 191.5 
Professor Fise*h(*r published his meidol work on 


“Ib'hobeet ln*i‘ l5as(arelvolk"a e*ross be‘lwee‘n I>oea‘ ainl 
I lo(te‘utot, by following the* Me*neh‘lian priiie‘ip]e*s. ' 
Sininltane*ou>ly in tin* same y(*ar lle'i iuaim riUinlbeir^, 
the* fouinh*r eif (h*s In^titiit fur I{asse*ubiei|ei^ie* in 
Lpl^'^nla (fin* Institute* for Ibn*e*bioIoiry in I ’p|*'^‘'*hi), 
publishe‘d his faiiniiis wetrk on “lh*'^e*are'he*s eeii the 
familie's eif flu* a^rie'iill iii'al folk*i of Swe*ele*n, (‘oiisis- 
tin^ e»f iiidivieliiaL on tin* nn'die'al aiiel biolo^i- 
e al line*s.”“ 

Afte*r the* publii‘atious of the.se* two impeirtaiit 
weu’ks e)t h'ise'ln*!* aiiel Liiinlbor^ the* i‘e*>e*are‘he*s em 
human he‘re‘elity have* bei*u ae|opte*d by alme»st all the 
bioleijrie’at iiis(i(nti>^ eef the* woi’M. aiiel at the* pre*se>nt 
time* it is fully c‘>i:ibli>heel that i‘U^eaiie*s is iutimate*ly 
ce)nin*e*te*el with human he*i’e*elit y. 

Ib^ali/iinj: tin* iiiipeirtain'e* of thi.«N ."e'iean’e*, Kaise*r- 
\Villn*lui ( ie'S.'-e'Ue'hafi ill MtlMi ealii*e| upeiii the* we*ll 
kneiwii (le'iaiiaii ant hre)pei|i»;;ist anil e>u;jre*nist Profi*s* 
sol* Kuiie*u Fi>e*h'*r te» ory:aniz** ainl e*e»inhn*t an 
institute* for re*>e*are*h into human he*re*elity at the* 
Anthropological lii^titut'*. I>:ihle*m, whie’h is at 
pre*se*iit known as ’*Kaise*r \\'ilhe'lm liistitiit fur 
Aiithreepeileeirjc nii'ii-e*hl ie'ln* I'irble'liie* uinl Ku*j[e*nik" 
(Kai>e*r Wilhe'lm in'>litute* for A nt h re »|H»le »«••>•, human 
ln‘re*elity aiiel l‘]u*jp‘iiie*'i). lii tin* abeiN'e* institute* of 
Frole.vsor h'iscln*r re*se*are*ln*s on human he*i'e*elity are* 
e*arrie*el oii by the* .-sfinly e»f twiii'^. Aitlniu;;h Fi‘ane*is 
(i.alton was tin* tir^t man to lake* U|) this twin stiiely, 
at. the* pre'sciil time*, this is carriesl on ve*ry syste*mati- 
e*ally. Fore*most aiuoiiLCst tlne>e* \vln» elo i*e*se*are*he*s 
on human he*re*elity by twin stuelyis Von Otmar von 
Vi*rse*huc*r who was lbrme*rly e»in* of the* assistants 

1. I'isclier, 1%, liie. livhuhuther Bastards vnd das lias- 
tar d*er tings ftroldem bairn mensrhen. Je-ii:i, 

2 I.innlhorn, II. Medizinisch-hiolnyischr Familicn- 
forschungrii innrrhalb rinrs koptlgen hanvrvgfS- 

chlrvhts in Svhwrden, Jeiia, I'M.?. 
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<»!' Profossnr Kisclicr^s iiistitiito but sit present lie is 
Hie liesul of newly eniistnietiMl lOrbklinik sit Krsink- 
flirt. lie is tryinjj to linil out the rehition l)etw(‘en 
lieri'clity sind (‘iivirtinnient. In his inipnrtsint study 
on met hods fur distiiitriiishiny; between inonn- and 
di/.yjj:(itie twins, with new fsiets on tnbereidosis in 
twins, lie invest ijjfii ted SO psiirs of tiibi'i'eiilar twins. 
Where tiilxM’enlosis oeenrs in both the twin nii*iiib(‘rs, 
the enviriMiinentsil eonditions were dilVeriMit in 10 
eases, (d‘ whii'li !) were monozy«r(>ti<*s (identi<*:il 
twins). Where the Inbereiilar eondilion was 
diilereiit in both the nicnibers of the pair, eiiviron- 
inentsil emiditions wen* the same for ‘Jo psiirs, of 
whieh 7 wen* nioiio/yy[iit i<‘s and IS psiirs iniii- 
ideiitiesil, showing thsit a siinilsir tnber(‘iil:ir eiindition 
in bt^th twins, where the (‘nvironineiitsil (‘onditioii is 
ilillereiit, oe<'nrs with strikinj*; pr<‘pniuh*rsiiiei* 
siinon^st. the inono/.yj^olies. Ib* eonelnd(*d thereby 
thsit tnbereidosis sliows the exi>tenee of spe<*itie 
hereditsiry predisposition ll)isitln*sis).'* 

.Another sissistsint of IVofessor FisehiT, v»mi 
Mneki'i’insinn had nn<h‘i*tak(‘n inve.-tij:;atioiis into 
the fertility of some* iinportsint s«»eisil groups of (Jer- 
msin people. ll(> piiblishi'd his resesirehes undc*r the 
title ‘'rntersnelninj!:(*n nber die dilVer/ierte Kortpllan- 
/.nnti; son ih'iiteheii V<»lk*’ (stndii's of the ditVerent isil 
fertility within eertsiin ^oeisil jironps in ((ernlany)^ 
in whieh In* ssiid : 

"Tliis is iiiit tn say that eiu* cjifi .stale ImMlv llie liie- 
l«ij;ieal sn]»otiiM ily t>f nue ehiss ever etueis, fur esioh is in • 
(lis])en'«ihle; esieh can lisive its (mm: ahsehiti- value, lait sit tin* 
saiiie time there may arise, within a j^onip, a strafnni ef 
ile^^eiieratam eaiiseil hv seme S|a*cilie <*iiltuial er l)i<)le”ieal 
eiri'iimslance centamiiialii.i; the eiitiie eemniiinity. Thus, it 
all lime, the pi e|Mirii(Mial ('eiilt ilnitieii ef each ^leii]! to the 
whole i.s a i|uestioii of impertanee. It is a (piesf ion of supreme 
moment in ;i periml of iliiniiiishiii!.; fertility in a p(*ople. 
The jireseiit eatsistiophic fall, t M'eediiiji; .'invthin^ known 
ill hi.stoiy, will, hv comparison with peiimls of eniwlh, 
rcihice cmsidersilily the niimlier of storks whieh eairv 
on to ]>ostr*rilv tin* nsitioiinl herilftj;«*. I'lie (pisilitv of the 

Hcricht iilwr die 11 Versainmlunt/ dar Inlt'rua- 
tional-n h'oderatinn hJutjenischer Orgamsat ionvH. 

■1. Mnekerma .ii, II. riitersnchun^en nher die din'eieii 
zierte hortplhin/.iinj^ .am ilenleheii Volk. Report. Vroceed- 
UiffH, 2nd jjeiieial si.ssenih’.y of I. V. for the scientific inve.sti 
gation of ]iopiilatii>ii firohlcms, P).^2- 


future depends now, much more than normal times, on all 
classe.s, it w'oiilil only he a matter of eoniitiiig heads from 
generation to generation leaving the (pnilitative make- p 
uneliaiiged". 

[iiiporfsint work nn Iw'redily of nn*id:il disi*ji.s(*s 
is being esirried on by IVofessor Riidiii, tlie hesid of 
llie geneologiesil d(*p:iHjneiit of the (f(*rin:in Resesireh 
Institute for Mental Disesises whieli is ji Kaiser 
Wilhelm Institute in Miniii'h. lie Nvas tin* lirst to 
study the heredity of mental disorders from a 
g(*iiiiin(‘Iy modern point of vi(*w. Fn the above insti- 
tute I Vofes.sor Rndin with hiseolleagnes I Ians Tjnx<*n- 
bnrger and rlohannes Lange is carrying out re- 
searches on tin* abnvi* subject with the ln‘lp of twin 
and family study. I le, after e.vamining 7t)I families 
ill whieh eases of sehi/ophi'eiiia had oeeniTcd, found 
that among tin* brotin'i's ami si.stcrs of patii'iits both 
of whose par(*nts were healthy, l.o'w sntlered Ironi 
s<*hizopiirenia. Wln*n oin* of the parents was a 
s<*hizophr<‘ne, the peri*(‘ntage of sehizophn*in*s among 
the brothers ;ind sisters of sehizf»phrenes w’as 
(III faniili(*s). .Vmong half-brothers ainl half sisters 
only t).t)"y wert* sehl/ophrmies. ^I'hese facts speak, 
iiiorc*over, in favour of reeessiv(‘ness of the taint. So 
doc*s tin? eirnnislanee that, among 700 eases, Rndin 
found that in I I instane<*s (In* pati(*nl wen* tin* olV- 
spring of cousins. •' 11. llolVmannhas found that, 

among lot) eliildren of sehi/.ophrenes, Hi to lo (i. e 
from S.t) to H)%) sntlered from mental disonh*!' of a 
sehizophreiiie typi*. lb* shares Rndin's opinion that 
;i iloiibly ri*eessive determination must la* at work, 
that is to say that two pairs of abnormal genes mii"! 
be present, if dementia praeeox is to result'’. 

liiidin, IlmVinaiin, W. St I'ohineyi'r, have siipposrd 
that heredity faetors eompeleiit. wlieii ai'ling homo- 
/.ygiitie-illy to prodnee .selii/nphreiiia may, perhaps, 
when aeting In'lerozygol ieally. manifest their efleets 
**y the prodiielion of schizoid psychopaths'. If lioth 
pai'eiils wen? si-hizophreiies, in aceordaiiei* with tin* 
notion of a n'cessive ami an intermediate heredity, 

.S. Rndin, IC. %nr VereJmmj nnd Neuensiehung d*!>' 
Dementia prarcox. Springer, Merlin, I'Mn. 

^ 1 . Ifiiirnianii, II. Die Narhfcommrnscha ft hei endoge- 
nen I'eyckonen. Springer, Merlin, I ^>21. 

7. Strnliiiicyer, W. '/iir (ieiiesilogie die Seliizojilirenie 
inn! des Sclio/.oids, Zeitschrift far die. gettamle Neurologie 
•uvd Vsgehiatrie, 95, I‘)25. 
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we hIioiiUI have reas<m to expeet that all ehihlivn 
would be sehizophreiH^s, provichnl that tlien? was a 
bioln^ieal identify in the heredity of the malady in 
both parents. Orta in families have been deseribed 
ill whi<di this expeetation would seem to have btsMi 
fulfilled; but in other families the faets do not appear 
to fit tin* theory, bc*eanse in these latter instanees, 
there was no biological identity between the morbi* 
fic heredities. K. Bleiiler, who originated the name 
schizophrenia, rejraitls the ^roiip of seliizophrenias 
as eoni])nsinK a number of biolojri^«jdly distinet ano- 
malies*. The hercslity of feebh'.-mindedness is, to a 
lai’fje ext«*nt, investijj[at<»d by many German 
biolojrists. The instructive study by Reiter and his 
collaborator, Osthofl* found that of 250 ehildren at 
Ib)sto(‘k School for feeble-minded chi Idnm tit) (21%) 
had had f(‘eble-min<h*d fatliers, SO (112%) had liad 
feeble-minded mothers, and 29 (11.0%) had had 
feeble-minded fathers and mothers. Thus t)7.t»% 
had feeble-minded ane(‘stry. Of the MO ehihlren, 
one or other of whose parents had been feeble-mind- 
ed, 108 (78.ti%) had one or more feeble’ininded 
brothers and sistei’s. .All the 29 eliildn'ii, both of 
whose ])ar<>nts were f<*eble-minded, had f(‘eble-minde<l 
bnithers and sisters ; and amoiit; the brotlna’s and 
si«tei>i of the ehildren in this ^ronp 9t).7 wen* 
feeble-minded and only 9.8% normal. In lw<» 
families where one of the parents was feeble-minded 
there were S feeble-minded ehildren. These data 
favour the view that there are dominant heredity 
fai-tors of feebir-mindedness. Ihit amon^ 102 feeble- 
minded parents t)l% had feeble-minded brothers and 
sisters, which siijiH:<*sts the eo-opi'ration of recessive 
heredity factors®. Fran Rndin-Sen^er obtained 
similar resnits from a study of the ehildren in (he 
Munich School for the feeble-minded*®. Thus there 
must be recessive as well as dominant hen’dity 
factors capable of piMuhicinj; feeble-mindedness ; 

8. I.ehrbuch der Psychiairie, Spriiij;er, »crliii. 

9. Reiter, H. uinl Osthof, II. Die Be*lciituii« endo^cner 
uiid exoK«ncr Faktoreii bei kiniierti tier Ililfb.scliule, 
ZeitHcrift fur Hygiene , 1921. 

10. Rujlin, R. Ueber Vererbiiiif; ^nstiger StoriiiigPii, 
ZeitRchrift fur die gesamte Neurolotjie und Peychiatrie, 
81, 1923, nos 3 und 4. 


and in this in.stan(;c, likewise, the heredity is iisiially 
dominant, and in the Rniver dejrree.s it i.s ii.sually 
recessive. In epileptic parents the case i.s the same. 
Profe.s.sor Riidin has shown that there ar<* rece-ssive 
heri'ditary faetoi’s capabh* of causing cpilep.sy but 
perha])s in le.ss common in.st:inc(^s tin* disease may be 
prodiienl by factors whose hen‘dity is dominant^ 

It is not possible to dis<*uss here a great d(*al of 
work (Wi various otln*r nn'iital <liseases which have 
ln*en done by Riidin, his coll.-iborator, and others. 

Dr Kretschmer of Germany is carrying on ex- 
((‘iisive research w«»rk on constitution and character, 
lie has classified the pet>plc of Germany inb» three 
types : 

(/) Asthenic. 

(/V) Pyknic. 

(///) .Athletic. 

Tin* a.sthonic type is lean, thin and tall, the 
pyknic is .short and fatty, ami the athletic type i.s 
miiscniar. 

Kn‘ts(‘hiin‘r describes tin*, types of phy.si(pic und 
the con.stitiition ; he elaborates the specific relation- 
*<hip of the pyknic, and iepto.sniic body-bnild with 
manic depressive and .schizophreni<' p.sycho.se.s res- 
pectively. For him body-bnild and i)syehosis, body 
function and disease, healthy ])ersf)nality and here- 
dity are, “partial symptoms (d‘ tln^ nmh'rlyiiig cons- 
titutional structure’*.* “ 

Ili*.s(>arehes are going on in Germany on the 
influence of ahohol over the i>flspring by Professor 
Len/ of Ra.s.sen Iljgieni.sche In.stitut, Ilerlin (Race- 
hygiene Institute, Perl in) and others. They arc of 
opinion th:it in tin; population of Germany, alcohol 
would .seem to play an important part among the 
causes of morbid heredity taints. In the offspring 
of alcoholics various kinds <»f mental dismalers and 
feeble-niindedne.ss are found in much above average 
fre<|uency ; and in some of the case.s, thcsi? changes 
seem to be hereditary. .Vlsiiit one third of all epi- 
h*ptics, imbeciles, and idiots iwv. the prog<*ny of hal'd 
drinkci*s. Of course, in many these cases it may 

11. Kudin, li. Der gegonwartige Stand der Rpilepsie- 
forschung, Zeitschrift fur die gesamte Seurologie und 
Psychiatric, 80 1924 iio.s 1 bis 5. 

following types, 

12. Kretschmer. Korperbau und churakier. 
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well be tlijit the toiidiMU'.y to ilriiiikeimoss in the 
parent (nsiially the father) was a inani testation of 
the same heredity faetor whieh took efleet in the 
ehildren as epilepsy or iinbeeility. Aiikhi^ the 
parents of sehixophrenes too, we find an unusually 
larfi^e nniiiber f>f aleoholies, for it w'oiiid appear that 
the sehizoid t(‘niperaiiient pnulisposes to aleoholisiii. 

The Oerinan (lovernineiit, reali/inj^ the iinpor- 
tanee of raee liyjijieiK* for llie welfare and pmsperity 
of the entire nation, have enforeed laws for the 
prevention of hereditary defeetivc? iJrojrcny and 
iiiiprovenient of the habitual eriiniiial and of the 
soeial eriininal. (N)nr(s and lii^h eonrts for eases of 
heredity have Ix'eii established in whieh tw<» physi- 
eians and oin> jnd^e de(‘ide whNher one is to be 
eonsidered as hereditary d(‘feetive in the sense of 
the law. Ik*sid(‘s these, the (lOverniiKMit hav(* en- 
foreed laws for east rat ini; moral, erimiiials. 'I’lioii- 
sands of moral eriines are eonnnitt(‘(l on small j;irls 
and women, eaeh y<‘ar. h'nrmerly thes<* eriininals, 
after some imprisonment, were rc'leased and were 
free to eomniit fresh <‘rimes. Now the eoiirt eaii 
deeide on the eastratioii of the dangerous moral eri- 
iriinals, and thereby extinjrnish tin* sexual impetus 
U> a eertain decree. Tims it is made impossible for 
the eriininal to transmit tln'ir abnormal eriininal 
predisposition to in’otjeiiy. All of these measures 
are for brin^in^ (he (xermaii nation to the endea> 
vonrs of hereditary health purity, fii ordm* to rea<*h 
this goal, health eentres hav<* been established in the 


city and country districts,. Th<*re are advisory 
boanls for the fostering of heredity. The activities 
of tlH*se advisory departments are for the ^nidaiiee 
of (hose people who have decided to marry and to 
advise marrifsl p(‘ople and families, partieiilarly wdien 
a hereditary defective child is born. The aim of 
these is (i) to keep the physically and mentally 
iintit from marry in<; and as far as possible from pro- 
creation, so that undesirable progeny may be iiro- 
vented, (//) to make* marriage between hereditary 
healthy and hereditary defectives impossible, but to 
permit marriaj;e amon^ the sterilizeil, (///) to arouse 
the feeling; i«f responsibility in regard to the coming 
generation, and thus to inllii(‘nce the selection of a 
mate in a h<*rcditary ln*althy respect. 

(lermaii (if»vernment have enacted laws for per- 
s<ms siiiVerini; from a hereditary disease to rcaider 
them incapabl(‘ of proiM'eation by iiK^ans of snrt;ical 
operation (sterilization). '^fhe sterilization is so 
<‘arried out that without rc'inovinj; tin* testes or ova- 
ri<‘s the spermatic, cords or tin* fallopian tubes are 
s<*ver(‘d. Sterilization has no ill ellects on the 
health of the man or the woman. Sexual pleasure 
and the ability to have sexual int(‘reonrs(‘ an‘ in 
no way alVeetcsl. Sterilization, in (‘ases prc'scribed 
by science, should be rej;ardi‘d as a hnmane duly. It 
is in the hi^lu'sl scaise inhiimam* to (oha'ate fpiii'tly 
the creation of hiimaii lite to whieh fate has minted 
out siitVerinj; whieh eaiiiiot Im* preveiiti'd. 

* Reail before the Soeiely of I'leniifiii Culture, 

on Deeeiiibor 2.<, 
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Licjnin 

fConftnucd from the last tRiue) 

P. B. Sarkcir 

Professor of ChcmiHtry. Vidyau^var Colleff^. Calcutta. 

Oxidation 

The r(*sults oil nxi<l:itioii of li<riiin :iro nitluT 
(lisiippoiiitiii^ in so f:ii’ :is any lui 

tlin .stnn‘tiii*<» of llic siilist.-iiHM* is coiicoi'ikmI. Wlioii 
lijfiiiii is oxi(li/(Ml even iindtM' iiiiMest eoiiditions, 
eompletn disruption of the inoleenie tnk plat'e 
and V(>ry simple degradation products are ohtaiiird. 
By the aetion of o/one, only foriiiii* and oxalie 
aeids were obtained by Kbnijj. W'itli alkaline 
HmOj and l\Mn()|, siinph* aliphatic acids such 
as forinits a<'etie, o.xali(‘, siK'tdnic and inaionit* 
aeids W(*rc obtained. IW the so-calh‘d ‘‘pressure 
oxidation” (heatiiijj; with \ XaOII, under on 

atmosphere pre.s.^nre at 2t)(.)®) a variety of aeids 
ineliidin^ ben/.em* earlioo.xylic acids have been 
obtained by Fischer, Si-hrailer, ami Friedrich. It 
is inipossibh* to account for their formation from 
the* knowle<l» 4 e we now piissess about lijiiiin, it is 
still more absurd to lit tliciii into any formula. Many 
have! allowed a very hiy:h dis«*«»unt for these results, 
however interesting they mijilit appear at Urst sijrht, 
owin^ to the dra.stic method that was employed. 

Oxidation of methylated lijrnin by K.MiiOi 
followed th(^ same i‘ours(* as of ordinary lignin, .same 
products beiiiij obtained. Fauly and Feuersteiii in 
11121) applied for a patent for the pivparation of 
vanillin by tlu‘ oxidation <d’ lignin with o/oiie 
in presence of jrlacial a<M*tic a<*id. I <Io not kn<»w 
if any tirni is making; vanillin thus. 

With (MOm lijrnin y:ives water salublc* aliphater 
aeid.s as with nitri<* acid. AVe have isolated a cliloro- 
li*jniii which is first formed when (.‘lO^ acts on 
lijjniii --the Cly coniinjj in all probability from the 
oxidation of I KM w'hich is always formed whenever 
ClOa acts on an or«ranic com\>ound. Schurult obtain- 
ed 34*8% maleic acid by oxidizim^ with CIO^. 


Fhillips and (4oss obtained anisic acid by oxi- 
di/.iii^ lijriiiii \vith lIXO.j after methylation. 
From ethylated litrnin they jrot p etho.xy bcaizoie. 
acid. ! .‘■(All ^jroiip, tliey say, is pn'.scnt in 

lignin. MMiis work however rei|nires conlirmation, as a 
free phenolic, jrroiip has to Im* |)roviiled for in 
this ca.se which ^ih‘s against other observed facts. 

Reduction 

Ordinary reducinjj: ajjents are without any 
action on lignin. Drastic imUhods of reduction up 
till now failed to ^ive any clue as to the con.stitu- 
tion of lignin. Willstatter and Kalb heated IKM- 
lignin with II f and red P at 2r)(l^, and obtained 
a mixture of hydrocarbons besides some prodimts 
of acidic nature. Xo diMinite compound they could 
isolate therefrom. Mixtures of hydnx'arbons of 
the .same ^em*ral (‘omposition were obtained by 
the* rcfliiction of ci'lbilose, j;hic*ose and other ear- 
bohydrate.s. MMiis, according to these workers, in- 
di(*ates that a (do.se structural ndationship (>.\ist.s 
b(>tw(*en lignin and the (‘arbohydrat(‘s. It is 
doubtful wh(‘ther any siudi (hdinitt* comdiisioii is 
jiistiticsl in view of the drastic method employed 
and th(‘ doiitfiit iialuri' of tin* compounds obtained. 

( atalytie hydrogenation under pressure (250 atm.) 
wdth nickel al.so faileil to y:ive any hofieful re.siilt. 
.\ mixture of phenols and muitral siib-stances w^ere 
obtained by many. No (hdinite i»r^ani(‘ eompoiind 
w'as isolated. 

Li^rnin was also di-stilhsl w^ith /n dust in an 
atmosplicn'of lly — nom? of the fractions obtained 
was o.xyKen fr(M*, nor w'ere they homo^eneou.s. 
Phillips (dainis to hav(‘ i.solated catiMdiol adopting 
the same pro(*(slure, as well as ^uiai'ol and anisic 
acid. Hut in view of the fact that no other 
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worker eoiild sep:irat(; any siieh thing, those 
results must be; ac.ooptod with a gniin of salt 

Tt is notoworthy that with difforont satiiplos 
of lignin diiroront workers siK'oocMlod in getting 
th(» same tnmblosonio niixtiiro refusing to part 
with any of Its oonstitueiits. 

Hydrolysis 

TJgnin is remarkably resistant to ordinary hy- 
drolyzing agents both arid and alkaline. Kven 
under j>ressnre ami high tempo rain re; hydrolysis 
IS but ineomplete — no delinite e(unponnd having 
been isolated as yet. Ileiiser and eo-workei*s 
heated ligini» in a sealed tube with MCI npto 
l70®-80° and found that etanplete de-methylation 
resnited. Thit the prodnet eoiild not again be 
methylated to its fornuT methoxyl valm». We 
have already seen how lliiggliind got arabinos<» 
by boiling lignin with \]% IlCI and how his hy- 
pothesis has lieeii rejeete<l by all otlaTs. Hv aeid 
distillatiem — wlii<*h is surely hydrolytic, I Id TO has 
been obtained by Freiid(*nb(»rg and Ifanler, We 
have alr'‘ady elisenssed its significance in connec- 
tion with the (V("!| fy-O group in lignin. TV heat- 
ing lignin nmler pressun* of 10 atmospheres with 
4% KOI I. acconling to Mehta, we have* obtained 
oidy a water-soluble product, d<'cp brc»wn in colour, 
with many of the characteristics of lignin lost. 
R'lriiiiii lignosidpliat(‘ licatcd with baryta gave a 
tannin like product, which could not be identified. 
We fimi that hydrolysis of jute lignin with Vl% 
Tin gave (M)y which in all probability comes 
from a C^OOIl group. The distillate with acid or 
])rcfcrabl.v alkali, gave iodoform with iodine and 
alkali, which suggests a OIl.^-OO, or (^11:1-^^1011 
group in lignin. 'Fhe volatile product could not be 
identified but it appears to be a neutral ImmIv, but 
not ethyl alcohol or acetone. Kven in the cohl, jut<* 
lignin nvsponds to this iodoform test, 'rinis, it is 
clear that in d(*tcrniining the constitution ol' lignin, 
hydrolytic jiroccsses can h(*lp us but little. 

Distillation 

.A arge group of workers, iimhidiiig llcuscr, Pictet 
Fischer, and others have subjected lignin to dry dis- 


tillation, A tarry product, mainly carbon residue, 
rc.siilts ill prcpoiidering amount. Very small quanti- 
ties of acetic acid, acetone and methanol were obtain- 
ed. Phenolic compounds have been obtained by 
Tropsch, Phillips, and Pictet in the oily distillate 
the percentage of which is pretty high, b(*ing about 
37%. Pictet and Craiilis got some very interesting 
results. They obtained 15^ oil, 21 f^aqnoiis. distillate 
and 52 carbon residue. Kiigenol was d(*tectod in 
the oily fraction. This, according to those workers, 
indicates that lignin contains the grouping of 
coniferyl alcohol. They separated the alkali-insolu- 
ble fraction by liipiid 8^)2 into two saturated and 
uiisatiirated hydroearbmis— C i 1 1 2 to CJy 0 1 1 ,0 in 
the saturated piirotin and Cullioto Ci»1 Iioin 
the saturated one. Smne of these are known to be 
present in petrol<Mim. Pictet and (Taiilis believe timt 
lignin tar and coaltar are closely alike and support 
the hypothesis f»f Fischer that coal originated not 
from eelluh»se but from lignin. We are led to 
thi \ c(»ticlusion by the fact that biological 
ileconiposition of cellulose takes place far 
more ra()idly than that f)f lignin. Their 
results also indicate*, they hold, that there exists a 
hydroaromatie* ring in lignin. Owing to the drastic 
nature of the im^thod (‘inployeel, it may m»t be sale 
to draw this conclusion from llu*se ex|)eriments 
alone. Of the phenolic compounds, Phillips isolatt'd 
fnrn ilie oily fraction — catec’hol, phenol, o-eresol, 
guai(M>l, cresol and three melhioxylattMl IxMixem; 
compounds with Oil or (X)()II groups. The steam- 
volatile neutral fnietioii of the oil, when oxidi/.i'd 
with KMnO, gave anisic acid and in the* iion- 
v<»latil(* fraction, n nonacosane was identified. 

Ligno'sulphonic acids 

In tiu; manufacture of pap(*r pulp and otli(*r 
c<»lluli»se preparations, where lignin i.s an undesirable 
element, wood and similar lignilied materials are 
heated with a solution of sulphurous aeid and acid 
sulphites, the lignin goes into solution, leaving the 
cellulose; in a more or less ]nire form. The solution 
containing lignin, the sul|»hite-li(iuor from pulp mills, 
contains ligno-sniphonic acid, in the form of a (.-a 
.salt. Many attempts have been made by several 
investigators, Klason being most noteworthy, to 
.separate it into pure forms but in vain. No definite 
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coinpoiiiid has yot Imhmi isolatod tliorcfroni, sdthoii<r|i 
Klasoii (diiiiiis to have separated tw«» frac'tioiis, a- 
and /Mi^nostdphonie neids, the formc*r procMpitatod 
with Ca(.1-j from tlie solution of the siilpiiite liciiior, 
the laiier remaiiiiiij^ in solntion. Separation into 
« and /< has been subsequently etleeted by /^-naph- 
thylamine hydroehloride when tlu' /^-naphthylamine 
preeipitato was warm(?d with dihiti‘ alkali, it was 
found that only a part of tin* /^-naphthylatiiine e«inld 
be si)lit out Klason explained it as follows as- 
suming; that u-li(rnosul])honie aeid eontains an 
aromatic ^roupin^ : 


c-c-co+ir.,sO:,- 

I I I 

II ir H 


TH-n I, -01 1 OIK). 

I ...d) 
SO:,] I 
(A) 


(A) treated with /t-mqdithyl amine <rivos the lan*- 
mal salt (H) as a whit(» precipitate. Hy a secondary 
reaction (( ') is binned : 


R-OIla-OlI-ClIO 


sOa.o.Nir.--(^oirT 


ii. 

‘(H) 


u-on.-(Mi (Ml + 11,0 

“ I II 

SO,-ONMI--C,oIIt 

in 

When (O) is treated with alkali, the reaction 
piDcecds in two ways : 


Frcudcnbon; holds that it is (|uite unriC(‘es.sary 
to assume, as Klason does, the ethylene linkage, for 
whicii experimental facts an* lacking, to explain the 
formation of rather stable li^nosulphonii* acid, lie 
says that the sulphur acid ^ronp is siibstitiib'd in 
the ben/.ene rin<;. Ila^^hmd explains the formation 
of li«;nosnl phonic acid thus : 

II II II II 

II II 

I lI.S();,Nii - > u-t;- 

\/ I I 

() OFI S0;,N!1 

to account for the appcaranci* of a Oil };roup 
for every unit of the litxnin molocnle containing; 
‘2 ()(MI:j and 2 011 t;n»iips. Alti'rnative to above 
a kelo enol change nii«;ht also oc(‘ur : 

II -Na«<>aN« 

K-(‘ 0 -ciT.. -R -> ii V r-r-R > 

011 II 
Oil I I 

I I 

II 0:,SN. 

Chlorination 

Lignin, isolated »»r not, can be very readily 
«‘hlorinatcd by free <‘1,, bromination is etleeted 
with some dilliciilty, iodination, <lir(‘ctly or in- 
directly, has not yet b(‘i*n done. Kxc(*pt llibbert 
and Sankey, all consider haloj;enation of lignin 
as a process of snbstitnti»ni rather than of addition. 
We h ave alrcjady discnssc*d the question i»f double 
bond from this point of view. Oross and Kevan, 
the pioneer workci-s in lij;nin, workeii with jute 
and separated lij;nin as ‘lijriione chloriilc’ and 


R - ciia - (’ll - (;i 

>SC)3-0 Ko/i 


R-(’ii, (’ — eiio ( (^uiUNiij 
■ I 

S 03 K 

ir II 

U (MU - (’ C NX'iolU- 


so, 1C 


Of the totiil li};in>siili)h<)nic acicl iilwiiit j wiis 
found as «- and 1 as fi-iw'ul Aceoi-diiijr lo Klason, 
^-liKnosiilplninic aeid eontains an aerylie aei«l Kroii|i. 
llintikka (|uestioiis however wlietlier an aei-olein 
Kroup is present in lignin. 


ascribed the simple formula (^ylli.KMiOtf to 
it. Wf shall see later on how it is no longer tenable. 

\ larj{0 volinnc of work has been done on 
ehloi-o-lij;nin but the same, sad ineoiisisteney pre- 
vails all throiiKh, baldly two w.u kers a};i<-(! reRard- 
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ing tlicir ehI(»n)-(l(*rivativos in rospcct nf C’l-enntont 
and nllior prn|HT<if»s. 'Flu' main fartor in this 
(.•asn perhaps has hoeii that very f(‘W of them 
hav<* worked under id(Miti(*a1 conditions and h'ied 
to eliminat*' the factors leading to [lartial dej^ra- 
dation of the lignin derivatives, fti any case, 
wc have been fnrce«l to reject jjracticaily all the 
important conchisions »>f (.^-oss and Mevan from 
tlieir chlorination data rc^ardinjr the structure of 
lignin. None else could obtain mairo^allol in 
leiieojir:)|Iol from tlie sublimation of li^none ehhu'ide. 
The kctonic formula must 

I ’nd<‘r similar conditiems wo have been able 
to obtain a chlorolitrnin from jute and from scpa> 
rated lijrnin always witli the same perceiita*;** 
of (^1 and also having the saIn(^ |)ropertif‘s. A 
portion of the Ot'll.i ijnmp is always lost during 
chlorination and bromiiiation of lignin, as also with 
vanillin. The O-CMI^-O j^ronp as well sutlers 
decomposition. C^ldorination in presen(*(* of water 
is always attended witli o\idati(»n and a prodind. 
is obtained which is partly soluble in water. 'I'lie 
inaximnni chlorine content at room temperatnr<* 
lias been 2r).7«S%, at t»()®, as with catalysts like 
I, Fe(^l:j or antimony trichloride, I7.t)"y, on n*- 
chlorinatloii of the tirst product {'2XS%) a deri- 
vative with .TJ.7% of < 'I is obtained. When heated 
npto IIOI evolves from (ThVnin, and 

a product with 17.S'fl is left behind. Dissolved 
in dilute; alkali and preeipitate<i with acids, a 
pnidiict with I7.7t)'‘^y of Cl is obtained. l'hes<» 
facts can be* satisfae-torily explained by takiiijL; 
the molecnliir weijLrht of jute lijjnin as Slti. ‘Jo.Sli 
of Cl means S< 'I atoms in tin* molecule, ( ’xl 
on beinj^ heated to I.*?.”)' — 10'^, or treated with 
alkali in the cold, IS atoms of (*l are lost as 
H(M and w»* are left with f\I ly i iDl,()x with 
17.7% ot (’I. Diiriuju; chlorination at UO® or 
with <*atalysls the same product results. On n*- 
cldorinntion, we •;(.( a compound with 1 1 abmis 
of Cl CJly^nClnd. with :VJ.7"ry of (1 The 
Cl-li{rnin (obtained at room temperature) has a 
Cecils value ol .’i.iil"/, which means ^roup.s 

arc present. The moloenlar woijrht in phenol of 


Cl-H^nin with 25.8 of Cl has been found to be 
1080 by the cryoscopic. method, the th(*orotic!il 
value Ixmii^ lOilO. By B. P. method Waontig 
obtaim;d a similar iigiire for Cl liKiiin from straw. 

('Jlorolignin, just like chlorophcnol, is more 
resistant to ClOy than lijrnin itself, which shows 
that some of the (./I atoms have (altered the ben- 
z<aie rinjjs in lignin. Secondly, the fact that 11(^1 
is evolved on solution in KOIf or by Inaitin^ 
tends to show that C^l also ent(*rs the side chain 
as w(*ll, for in the rinj; nev(*r behaves like that. 

ft may be noted here that absolutely dry jute 
can be chlorinated by dry Cl, in CC^U suspension, 
and so the arjrnment that tin* oxidizinjr action 
of moist chlorine is r(*({iiir(‘d to disrupt the union 
b(*tween celinhvse and lignin (*annot stand. 

Basic Composition of Lignin 

From a careful sfiidy «»f the literatnn* on 
lijrnin, it woidd app(*ar that all lijrnins have Hie 
same basic com|)ositiou. It is highly improbable, 
if not absurd, that there are as many lignins as 
limn* are li»rnn-(*ellulos(‘s in the world- th(*re 
beinji iiniumcrabh* lyp(*s nf wood. Powell and 
Whiltak(*r made a tlioronjrh study of seven dilTerent 
wood lijrnins :ind from tln‘ir analytical data put 
forth f\ill|i)Oirt as tin* hypo(h(»tlcal motlnu’ 
substance feu* all of them. This has not been 
abh* to explain jruod many facts of fundannaital 
nature and so h:is b(*en i)raeti(‘ally n*j(*cted. But 
that all li-xniiis have the s inn* basic composition 
will be (>vid(‘nt from the followiiiiX : 

t/) The decomposition products of all lignins 
on potash fusion arc the sann* r/:. oxalic acid, 
protocatf'cliiiic acid, pyrocatechol etc though the 
yield of these has not been the sann\ 

(//) By the action of IIN();t, it gives oxalic 
acid and a idtro-body of variable composition. 

(///) Py chlorination, a chloroderivativo is obtain- 
ed, whose physical ainl chemh'al properties an* 
similar. The p(*rcciitage of (.>!:> vari(*s owing per- 
haps to diller(*nt ti*chni(iues followed. 

(/e) Tin* same constituent groups are always 
found in all samples of lignin : OH, -()- 

Clfy -O-, iodoform-yielding complex, etc. 


SCIENCE A 
culture 


554 



UGNIN 


Aromatic Nature of Lignin 

Tli<*n.* is oF opitittui 

Minon^st workers on lignin, :is (n whet her it is 
:ili])h:itu\ :iroinutie or hetenx'j’elie. An nv(‘rwiieiin> 
in^ iiinjority of experiinental evideiiees nhtaineil in 
tlie course of the hist two decades, shows that lijinin 
contains the b(‘nx(Mi(‘ niiclens. Apart from (he 
results of eheini(‘:il examination of li«rniii, we havi* 
in onr siip[)ort the physical data ol)iaincd )>>* IIer/o<^ 
and llilhner and othm's from the study of the ultra- 
violet absoriition spectra which iiidi<*ate a benzeiu»id 
structure for liHrniii. The followin;? arguments are 
ill favour of an aromatit* struc(u?*e of lijriiin : 

(/) 'Pile formation of protof'ati'cliuit* aeitl and 
liyrocatcidiol on potash fusion of lignin eaii be ex- 
plained. 

(/V) Jji^oiin, insr>luble in (‘aiistic alkalis, dissolve 
readily in them when th<* IITIK) is s|ilit oil’ whieh 
shows that free phenol ie j^roiips have been set free. 

(///) Hcdiicinjjf action of (he liyinin from whieh 
1 1(^1 1(.) has b<*en removed and also the failure of 
pure lijriiin to reduce Fehlinjjj’s solution can be pro- 
perly accounted for. 

(//’) I nlike aliphatic conipoiinds, aroniati<* ones 
arc mor(‘ or less susceptible to the a<‘lion <d' FiO;.. 
Id^nin is readily acted upon by <’!():. as also phmiolic 
(‘oinpoiinds. (.'l-lijj;nin is attacked h‘>s n‘adily just 
like (’1- or Hr-phenols. 'Phis will indicate that, on 
halo^enation, the (^1 or I>r enters at h^ast partly 
tiu; ben/eiie rin>r. 

(/•) OCII-.t jjroups arc split <»n*, at -!KJ Imm 
lijridn, at which temperature, vanillin, vaiiillie acid 
etc., also part with their Cl I;-, I in ZeisiTs nu*thod «d’ 
estimation of 0(^11;; groups. Also, as pointiMl out 
by Freuilenberjj;, the (’IIj-.O yjroups are split oil more 
slowly from the aromatic compounds and the rate of 
removal of OCiPi from lijriiin af^reed with that ol 
vanillin etc. 

Indirect evidences, ajijainst the carbohydrate or 
aliphatic structure : 

(/) OIOl* docs not dc<*oinposc sugars. 


(//) The amount of oxalic acid by HXO;* oxida- 
tion is less than th(‘or(»ti<*al and (*ven that is derived 
from the breakin;^ down of protoc.atechiiic acid and 
pyrocatcchol. 

(//'/) Vo fiiiTiiral or its deriv.it ive is obtained 
fi*om li^rnin. 

(//•) Delijrnilied jute or other celluloses fail to 
^ivc any aromatic product on potash fusion. 

(/*) Vo suy:ar h:is yet been isolated from the 
deeoniposition prodin-ts. of lijrnin except galactose 
by IJassow and Linde alom*, whieh we may not 
.accept as derived from liirnin itself. 

Molecular Structure of Lignin 

Until rc<*cntly, workers in the field of lijLjiiiil 
ehemistry were practically mianimoiis rejjardintif the 
iiioleeidar si/(‘ of linfuin. Its molecular weight was 
e^msiden'd tf> l)i* near about SOO. I<!\pia’iniental dabi 
on inoliHMilar weiirht iletermln.itlon sii])|)ort(‘d this 
view (Fnehs, CUvnuv, drs hiijf/ins, /». ITS). As a 
inattm* of fact, many id' the .analytical results eaii be 
explain(‘d on this basis. h'l'eMdenberj; and Hess 
explained the methyl.ition of pine-wood lignin with 
diazomethane, taking S-O as the moleeiilar weight of 
liirnin. Fiiehs and I lorn from their analytical 
lignres on acetyl.atcd pine-wood lignin arrived at the 
value .sob Klason studied (he lignosiilphonie acid 
from spruce wood and di'fermiiied the nioh'enlar 
weight of the original linnin as 71 I. 

Freudeub.*rg (('rll. rliciii. iMili. Itlol) simmus bi be 
the first to f^xpress tlie opinion later on that lignin 
h:is a high moleeiil.ar weight /•/'■.. ‘JlTti. Ilis concep- 
tion appears to depend primarily on the sni.all yii'ld 
oflK’llO nbtaiiK'd from pine-wood lignin 

prepared aeeordiiig to Ids miMhod. Klason, too, 
very reeently has changed his former view and holds 
that the molecular weight of lignin must at least be 
(/»Vr, dOi!, lOdl). Ihit save ami except these 
two veteran workers, others generally hold that the 
moh*eular weight of lignin eatmot Ik? higher than 
JMM). (Ilniuns and llibberf, Ibissow and >V;igner 
etc). 

'rhe method of potash fusion being too drastic, 
ijuaiititative yield of aromatic products cannot be 
expeeteil even when thh fusion is done under the 
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inildost :iih1 most favourable conditions. Hence 
poUish fusion data can furnish no deHnite informa- 
tion as regards its mohumlar size. Ihit the highest 
yield of IICIIO from jute lignin has been 278%. 
On the assumption tliat tliis represents of 

theory (as with pip(*ronylic acid) and also that one 
O-CHa-O group is present in lignin, its molecular 
W(‘ight comes to wlii.cli is in fair agreement 

with those obtained by others. Very recently Har- 
ris etui hav<* found r(>^« of HCHO in maplcwootl 
lignin, it is not mentioned wln^tluT they took ail 
possible preeaiilioiis to prevent the loss of IICIIO 
during isohition. 

The molecular weight of (^1-lignin from jute has 
been found in pluMiol be lOiSO, from which the 
molecular W(‘iglit of lignin comes to be 81 (i. The 
mechanism of chlorination has been satisfactorily 
explained on this basis. Waentig detx*rmiiied the 


molecular weight of Cl-lignin from straw and obtai- 
m^d a similar figure. 19'18S of OCH3 in pure 
lignin from jute means 5 OClTj groups in 880, 
84'r)I% OfMTa in the methy la tcnl product means 5 
OCJHa groups have entered the molecule of 8.80. 

29.45% ac(d.ic acid from the acetylated jute 
lignin means 5 acetyl group entering the moh^cuilo of 
8.80. 'rhe methyhitioii and ac(»tylation data agree 
strikingly well. 

The above review will clearly indicate that in- 
spite of our best (dVorts the problem is y<»t unsol- 
ved. The mechanism of the formation of (‘ellulose 
and lignin might throw a Hood of light on this intri- 
cate problem but no definite information has bemi 
obtained in this direction as w(*ll. The two proces- 
ses — an alytieal and synthetic - must be followed far 
more carefully than has hitluu'to Ixmmi dom^ and 
this might be eflected by a future genius — a 
Baeyer or a Kischer — for whom we are waiting. 


BERYLLIUM-COPPER ALLOYS 


Hcry Ilium, the rare clement contained in the gem 
stones, emerald and beryl, is now pnahietal in commer- 
eail quantities and used for imparting valuable proper- 
ties to eopj>er alloys. These alloys, eontuiiiing only 
about 2 pereent of this rare metal, have rapidly deve- 
loped to great eommereial usefulness. In .summari/.- 
ing developments in this field, Horaee F. Sillimaii 
recently m.a«le the following statements. 

“In m.iny <’ases heryllium-eojiper has been siih- 
stiliited for other copper alloys and for steel, even 
though it is relatively more expensive than the older 
alloys. 'I'he wrought alloy goes into the manufacture 
of springs and other articles liaving spring parts. 
Springs made from this alloy have the corrosion resist- 
ance (»f copper plus high resistance to fatigue, high 
resilieiiee, and low liysteresis loss. In addition to 
coiled springs and the flat springs, the list of spring- 
like parts includes diaphragms, fuse clips, current- 
carrying eonlael springs, .spring washers, switch 


blades, and many «>lher articles. The alloys are parti- 
cularly adapted for iiistruiiienl parts because they are 
noii-inagnelie. 

“8810 comparatively high hardness and shock resist- 
ance of beryllium copper pc'rmits it to be used for 
non-sparking hand tools such as hammers, (‘hisels, 
wrenches, wrecking bars, drift pins, seraj)ers, and the 
like, and fur pistons in vibrators and firing pins in 
firearms. 88ie good wear resistance is advantageous 
:*i precision ht'arings, hiishiiigs, ball cages, adjiislahle- 
piteh propellcT huh cones, gears, and sliding eoritacds. 
Other eommen'ial usc‘s at present arc platers' bars and 
eorc'S, rcdraetahle lundiiig-gear parts, surgical instru- 
ment handles, woven wire cloth, bolts and nuts, molds 
for plasties, and valve parts. 

"In about four years these remarkable alloy.s of 
one of the oldest and one of the newest of the metals 
used by man have assumed considerable eommereial 
importance ." — Scientific A mcrican. 
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The Irvine Committee Report and fitter 


In :i provinus issiio (Vol. TF No. 8) wo luid 
ocoiisioii to (Joal at somo loiifrfli with tlio soooimI 
(^iiiiupioniiial Roviowiii^ Coiiiinittoo (also Uixiwii 
as tho Irviiio (^>ininiU(M*) on tho work of tko 
liulian [iistitiito of S<‘ionco, IFaii^aloro. Wo had 
also roforrod briofly to tlio nronniioiidaliori of tlio 
(.\)iniiiitt(‘o and tlioir si^niih'ancc in relation to 
tho nnnsnal probloiiis at issno. In this oonnoxion 
the followintj; obsorvati»>ns on tho post-IrviiH»- 
T!oininitto(* happoninjr at Han^ahiro by an obsorvor 
on tho spot will prove* intorostinj; toonr roa<h‘rs. 

Tho proposals of tho (^iininittoo have boon 
acooptod by tho (lovorniiiK (’onnoil of tlio Insti- 
tuto. llis Kxoollonoy tho Visitor has aliojidy 
^iv(*n his ^(>noral assont to tin* proposals aial 
has ajrrooel to tho appointinont of tho Registrar 
who will tako ovor the* administrative* elntievs 
ne>w dise*liar^e*d by tlio I)ire*ote»r. Tin* appe)int> 
mont has alre*aely boon inaeh* (tliem^li tho iiieaim- 
bont lias not ye*t joiiie'el). The* nnfortmiato elo- 
volopnie>nls of tho past few me>nlhs have* raise'el 
an iiie*re*asinjr|y elillionit situation wliioh titlors no 
ve*ry e*asy solntiein. 

In emo of tho e'onolndiii}:; paragraphs of th(*ir 
ropen’t the* Irvine* Coiniiiiltoe* state* : 

“It may be the case that our proposals arc a coiii- 
proiiiise, forced upon us hy circiiiiistaiiccs hut iicveMlhc- 
less wc believe that they lepreseiit a workable solution 
of 1‘xistinj^ difficulties. If kivcii a fair trial ami if oper- 
ated in the riKlit spirit, they will enable the Institute to 
hejrin its sectnid semi Ju!)ilee ]ieriod with renewed hope. 
If our scheme fails it can only be tliioU}>h clash of per- 
sonalities beyt)iid the reuuMly of any jiowers possessed 
by a Reviewing Committee.” 

Those words, ominous in a way, have, aeeord- 
ing tt> tho information reoeivod by ns, pr(»ved 
proplM*tie. and the human prv>bleni is more, acute 
today than evi?r btd’orc. 


It was n‘ported in (he daily press that at 
their meefino held in Aiigii.vt IPdtl the (.'onneil 
t»l the Institnt(* appoiiit(*d a Special Oominittet; 
to iiive.st io:ite aimnigst idher things tiu* various 
memoranda siibmitt(‘d by the prole.^sors and the 
other m(‘inb(‘rs of the stall (‘omplaining »>f the 
iincoiishtiitioiial imdhods adopted by the Oireetor 
and the mdair treatments meted out to them 
and th<*ir departments. H'he ('oiiirnittee held a 
nnmb(‘r of sittings in November Mi'll) and in 
•January Ml.‘>7. '^I'liey went very earel’nlly into 
all tin* materials placed before th(*m and eriti- 
eally (xamiiied a number of witnesses who 
appeared bc‘lore tlH*m to tc'iider oi’al evidence. 

The report of tin* ( ^>mmittee has not yet been 
pnblislied but tiieir eonehisioiis are generally well 
known through information leaking to the daily 
pH'ss, whieh has not been (‘ontradietf‘d. It is 
allcgi'd that the ( *oimnitt(‘(‘ found ample* evidence 
to support tin* (‘innplaiiits made* by the* pred'essors, 
iiikI the* Senale--wlie) are* entriisteel with the res- 
ponsible* task ed' ge)ing iiite) the tf'aehing and 
re*se‘areh have be'eii mostly ignore'el l»y the* Direc- 
te)!’, :ilid eve*n the* h*gilim:ite* re epie sts fen* meetings 
te» eliseiiss important iiiatte'i's weu'e* iieit (.*e)mplie*d 
with. Instance's e)f failure* te> ceniiply witli the re- 
giilatieni ami by- laws we*re* ned wanting. 

The* findings e>f the* Re'vicwiiig Ce inmittee in 
n*gard te) the* e llicie-ne-y '»f tin* present administra- 
tie)ii are we‘ll known. If, aelele-el to that, the* (Nniiieil 
finds lliat e‘ve*n after the* aeloptioii e>f the new 
re*gulatie»ns niatte*rs det not impreive* but get weirse 
with the limes, the duly of flu* Conne*il and 
of the (.lejverimieiit is fairly eibvienis. IVrsonal 
eemsidenafioiis sluiiihl in lU) way inte*rfere with the 
administration of justice. 
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With siifli iui nnplonsiint situation browing at 
almost tli(? vory next iloor, it is ratlior Kiirprising 
t(» iind our Ihingaloro oontomporary, Ctirretil 
Sricnre^ making an olabor.ito attompt to piok 

liolos in the Frvino ( Dimmit (o<! report ami in- 
directly upholding the present administnitioii. The 
tone ami the spirit of th(> two editorials which 
appean'd in the January and Kebriiary issues of 
('uncut Sricifrr are trsi obvious to be mistaken. 

One of the most extraordinary arguments 
adduced by our contemporary is that the Com- 
mittee strayed l)(*youd the terms of reference. 
They would have prodm*ed a more valuable ro- 
I>ort if they had treated the rnstitnte from an 
impersonal standpoint. In tin* first pla(‘e, it m:iy 
be i)oint(‘d out that the terms of reference even 
aseited by our contemporary, r/r., 

“To rcvi<*\v the working of the Institute with special 
reference to the purpose for which it was founded, and 
if any changes are considered tiesirahle in the organiz- 
ation or activities of the Institute for the better achieve- 
uieiit of this purpose, to make recoiiimeiidations accord- 
ingly witli due regard to the Institute’s actual or reasonably 
augiiientable financial resources,” 

fJo peiTuit of th<* invesfigatiou of all the factors 
relating to the working of the Institute. Secondly, 
it may be reasonably argued whether an expert 
Committee of that eominisition would not have 
eiieroaehed nn tlelh'ate and diHiciilt personal 
<|ueslions if they were not ipiite sure of their 
e(>m[)ositioii. ^riiirdly, neither the (lovorning Council 
of the Inslit ut(‘ nor the Covornment of India - 
the chief authorities eoneerned — have (piestioned 
the scope of the enquiry. They have, in fact, 
w'elcf»m(‘d the report in all its asiiects and they 
have taken steps to implement the recommend- 
ations of the Committei*. W'ith such facts before 
them, it is rather siirpri.Miig that our contemporary 
dill not even eoiieede the benefit of doubt when 
(piestioning the seo])e of the enquiry. 

In the pursuit of seieiiee as in other walks 
of life, human assoeiation is of the greatest iiii- 
portaiiee. Krleiidly rclationshi|) between felh>w 


WorkcM’s, iiuitmd sympathy and support in mattoi's 
of every day life, and active eo-operation and oven 
cohiboration in tin* investigation of the more im- 
portant sidentifa*. problems are considered essential 
for the sueeess of any big organization. (\>mplianee 
with recogiiiz(*d course of eoiidiiet and obedieiua* to 
rules and regulations an; also necessary for smooth 
and enieieiit working, hailnre to obsi*rve th(;se, 
combined with e.ilhuis disregard for the feelings of 
one’s colleagues and a tendcMiey to aggression, 
is hound to hsid to clash of persunalities. If, added 
to these, there is evidiaiei; of iinsoiind jiidgmiMit, 
of personal prejudices inlliieiieing adjudication of 
tivlmieal mattm* and adoption (d* (|uestionable 
methods to gain e(‘rlain immediate ends, then, as re- 
vealed in till* Irvine (\>mmittee^s rejiort, 
there will lx* o|)posilion from every right- 
thinking man. I’lviMi the ( bivi'niiiig (’niineil of 
the Institute as admitted by oiir eontemjiorary — 
should have been well within their rights to cheek 
such a defe(‘live administi-atioii, but to argue that 
the Reviewing (.^>mmittc‘e were not justilied in 
referring to the mo.st important probh‘ms which 
were |)laeed before tln*m would be highly falla- 
cious and ev(‘U unfair tot he rnstilutioii. As it is, 
the authorities of the* ln>tilu((‘ and the publii* of 
the country owe a deep d(‘bt of gratitude to the 
(/ommitioe for having so emiragcMuisly voiced 
their view’s on the points at issue and made* such 
valuable suggest ifiiis. 

Another faulty argument adduced by our eoii- 
teiiiporary is that as the aggregali* income for 
tlx* past seven y»*ars had exceeded the eorresp<»ud- 
iiig exjx'iiditure, tliere is no evidence of delicit. 
That w'ould be like arguing that tin* seven “fat” 
years compensate for tin* seven “lean*^ years so 
that there was no evidenei* of famine in Kgypt ! 
What the (^mimittei* have (*ntleavoiin‘d to show’ 
— and what w’ill app(‘al to every thinking imli- 
vhinal —is that in iT‘eent years (he annual ex- 
penditure has coiisiib'rably (*x<*eed(*d the corres- 
ponding income so that the institution has bi*eu 
obliged to draw on its rc.serves. As the rcservt*s 
now bc.ar interest and thus eontribute partly to 
the iiieome of the Institute, w'ithdraw’al of deposits 
wdll further reduce the income, with (amseqiK’iit 


SCIENCE & 
CULTURE 


558 



THE IRVINE COMMIHEE REPORT AND AFTER 

onliaiK’cnicnt in haiikniptcy. 'riic (_N)in- 

initUn* liavt? r(H*o?nm(*ii<l(Ml, tlaTrlort*, that the bialj^rt 
should bo b ilaiicod IVoiii yoar (o y(‘ar and that 
oxcoss of ('.\|)(Mi(litiir(‘ over iiicoim! slioiihl nii<h‘i* 
no conditions lx* allowed. Surely there is nothing 
wronjj; with such a proposal ! 

Oiir c«Mil(‘iiip«»r:iry has nbvioij^ly been at jjreat 
]xiins to discover weak points in the re|iort. 'Fhe 
(^)niniitte(.‘*s inadv(a*l(‘nl rtM'oinnicndation to abolish 
the post of Warden (ini-takiny; it for that of fh<* 
St<*ward) is pardonabh* or at ony rate can be 
easily set rij^ht. The lenu;thy aryimiKMits to show 
that the Coininittec w(‘re not jiistilied ia laying 
.so nnieh eniphasis do »iot in any way a licet the 
report, because it is ess<‘ntially a matter of opinion. 
Tnd(*ed, there is a strong section, both in this country 
and elsewhere, who would hold that pursuit of 
purely aea<leinic i'lniuiries tlmujrh eapab'e of 
yieldinjii results of far-n'achiini importance will 
not be of any direct assistaiu’C to industries. The 
work will lack the necessary technical outlook 
and cannot contribute so usefully as those with 
an applied bias, fridia is badly in need of techni- 
cal nicn with the nec(‘ssary works (‘xperieiict*, :ind 
unless such ukmi are turned out in >unieicntly larire 
numbers, then* is not much prosp('ct ot :uiy indus- 
trial development in the <‘onutry. 

Tin* last ariiumeiit r(‘j;ardii'Lr the elVect f»f 
ciirtailment of Lrraiits on the s<-ientillc output is 
tin* stroinrest of all. It is well known that scientitic 
n*.search — esp«*ciallY in <'hemistry :ind cniriuecrine: 
— talv<’s some time loi* com|)lction. Scvt*i';d months 
*“ sometimes even a few yeai'N— must elapse befeuM? 
a pie<M» of work can be completed. Kveii then 
one is not satislied. Poi'tions will have to be re- 
tie.'ited and the <»bs(«rvations cln‘<*ke(l under new 
set of conditions. Tim subse(|ucnt writing: n|> in 
a publishable form is no ea-y task : it is a nin:htniare 
to most workiM’s. Publication <'>peeially in Kiiro- 
pean or .\nieriean j»)urnals is a very slow pmeess, 
delay of several months (one year and more) 
b(*infjj not iincommon. Kven jLrrautiiijj: that all the 
above mentioned proe«‘ssj*s arc comi)h*tcd in 


iniiiiinnm time, it is not phy.sically possible to 
ordinarily commence and publish :i work in the 
same year. cons(*rvativ(‘ estimate w«»uld sln»w 
that not h‘ss than two years — oft(*n three* or 
more would bo rfMpiired tor (hat purpose. 

If those facts jire taken into consid<‘ration, 
it will b(* readily s<*cn tlial mo*st of the researches 
published during 1-1!.) (the year of reduction 

of stall* and curtailment of jrrants) should have 
behinjred to an c:irlii*r period, innbably I!!!, 

i In* el1(‘cls o| the curtailment would be s(‘cn in 
a I;il(*r pf'i'iod .and would more appropriately come 
within tin* purview of tin* next < ^iiimiuennial 
Ib'vicwinyj f^)mmittec. 

\ car(*lul study of tin* report will "how how 
the [)rc*s<‘nt conditions have tended to jiH’cct the 
workinjr particidarly of the chemistry and enj^incer- 

depart m(*nts. 

As \\c read the .sitti.'itif)ii tainl then* is ample iiuifoniuty 
ill the eviileiioe), Ihe I )irpi'lt)r's poIi< v is t.i make 
the Insliliite a centre for IMivsical ami .MalluMiMtieal .slmlies. 
true, there has heen no siij^jnestion that other ilep.art- 
nients should he suppressed, hut as time j^oes on, they 
will eventually heeonie more and nion* snhi>tdinate to 
Phvsies, until their individ lalitv is t(» all intents and 
purposes extinguished. One example of this tendency 
which nmv he (juoted and it do»*s not stand alone is tlic 
transference of apparatus from the Departnn nt of C.eiieral 
riiemistfv to the Department of Physics, whetj* ccriain 
rescarclies are now Rroiipcd niidet the lieadinj* Vhemi- 
cal Pliysics. Othei cases have hecii reported to ns, in 
which the Iransrerence of efjiiipnient was made against 
the wishes of the staff and under efimliiiuns uhi,!, j,,. 
evit hly irave rise to I)itterness and dissi iisif.n." 

"The Departinciil of Oneral Chemisti v. lackiin. the ex- 
perience and ^uid.’iiice of a ])rofessor, with rcph-ird st.-df, 
reduced ^rrmits for ecpiipmenl and fi w admissions, nc»w 
occn]}ics an undistinj»ins]ierl position in tlie Institute. 
A course <if ehemieal eiiKineeriiiji willi special refcrmiec t»> 
sii^ar leclmoIoKy was iiisliluteil in l'»ii and a jiait-tiiiic 
lecturer was appointed for that j)urp«ise ; tli(M<- was a larjLiO 
deiiiami ft)r ailniissifiiis to this eonis,- ; l.ur the ailmissioiis 
have now heen slop])ed. The coni.se. excellent in intention, 
is heiii]; «*xtinj;uislied tliroiij;li lack of snitahle stalf ami 
waul »»f oHieial eneonraj^ejiient”. 

"Nni onlv is Physieal Chemistry tlueatiMied with <*\line- 
tioii lint the futuie of the Oij^iinic Cliemislrv is likewise in 
jeoparily, if recent decisions of the Ponneil are earrieil 
into efTccl". 


559 


Vol. 11. No. II 
MAY 1937 



THE IRVINE COMMmEE REPORT AND AFTER 

Tlio staff’ of tli(» DcpartiiMMit of Eloctrical Ti*oh- 
nolojcy has been red need, grades have be(*ii lowered ; 
there have also been freejnent ehan^jes. 

“We have thoiij»ht it necessary' t<i reccird these staff 
rhariKes in some iletaMs, T)ernuKe we are of the opinion that 
the present feeling of instahility in this Department -a 
feeling wliieli has been given full expression in the eviilence 
Ijefore iis--is in m» sinall measure due to (he frequent alter- 
ation of personnel. There ean he little continuity in the 
work of a depart inent whose stall' umlergo such ooiislaiit 
changes and we hope that oiir recoiiiniendations will 
remove the pcisonal feeling of insecurity and ensure great- 
er perinanence among the .staff'. 

Tlic.st' 

“have revealed a di.sqnieting state of affairs and it is 
our eonsiilered opinion that unle.ss firm action is taken at 
once, the future of the Institute is exceedingly precarious” 

“If the present conditions ale permitted to continue, it 
will he no easy matter to find men of character and in- 
depemlencc to fill future vacancies." “ruder the jtreMMit 
conditions onr recoimiKuidations heconie more eiiqjh.itic 
in order that the Institute may he saved from disintegra- 
tion". 

Wliat more proof is iioedcd to reveal llie alarm- 
ing state of affairs at .Bangalore ! It is indeiMl a mar- 
vel that the fnstitntc* inaiiagcMl survive and pre- 
serve at lea.st .some seieiilifie activity in tin* highly 
depressing eomlitions of the past few years. 

In tin* eoneliidiiig part of the .second editorial 
iimler relereiiet*. onr eonteinporary has voiced .*^01111* 
noble seiitiiiK'iits with apt quotations which would 
otherwist* be lost to posterity. Kv(*n to a easnal 
reader of the report, the sigiiitieaiiee of this is 
obvious. It is indeed no woinler that even In'Iiev- 


ing in sneb eloquent terms for '*triith’^ and 
“strength of character*^ onr coiitomponiry should 
have dismis.sod the ino.st important recommend- 
ations of the Committee as being “piizzli/ig”. 

The Indian Institute of Seieneo is an important 
national institution, and its future is of the greatest 
interest to every well-wisher of the country. It is 
of the utmost importance th(*ref()re that the [n‘(* 8 eiit 
troiiblf*.s .should be ro(»ted out ami that a new era 
of harmonious working should be iiitrodm*ed with- 
out the I(*ast deltiy. Tn this ei>nneetion, the ques- 
tion ari.ses : Are (he re(*ommendations of the Irvine 
Cominitt<*e sufficiently far-reaching to produce* the 
desired n*snlt ? AVill every one forget and forgive, 
settle <lown to a new set of eonditions and be happy 
ever after ? Onr knowledge of human nature leaves 
IIS very sceptical of the prospects about the future. 
Ill spite of ag(‘d e,\perieiH*e there is no fundamental 
change* in one’s eomposition, and it is most unrea- 
sonable to expect tiiat tlie proposed administrative 
changes will improve the eonditions in the Institute. 
Fiirth(*r (*videiH*e to acute troubles has already been 
adduced by the Sp(*eial Snb-(’?ommittee of the 
CoiiiH'il and the only way to deal with the problem 
is to remove one or (he other of the clashing int(*r- 
ests. If such a drastic action is (*ontemplated will 
it be adequate— let alone equitable - to remove all 
tlie .senior membiTs of the staff* and leave the l)in*e- 
tor in full and fn*e administrative ehargi* ? W'ill 
the J)in*ctor get mi well with the new staff* ? '^Fhe 
ehanees are that the past experience will repeat 
itself. I’lien* will lx* fresh (piarrels ami new i.ssiies 
and pn>bably worse eonfiision resiiltiiig from them. 
The Institiiu* has already snff*eri*d emiiigh and 
eaimot po.ssibly stand a fresh shock. Then what is 
to be the .solution ? 
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International Congress of Philosophy 

U is ri’porlcd in Scif'iirr (of Paris) of DtttnilHr 
15, 11)51), tliat llu‘ Ninlli Iiilcrnaliniial ('oii^rtss of 
Pliilosopliy (I*) ho olluTwist* known as Drsi-arlis 
Congross) will he held in Paris (hiring (lie iirst wt-tk 
of Aupist 11)57 to eelehrale the len*enlenary of the 
piihlieation of Dixetmrs dr In Mrihndr of Descarles. 
the eelehrated Freneh philosopher. 

The diseiissions that are expeeled to he held on 
this oeeasion will he eonfined to the following topies: 

(I) 'riie ))resenl stale of Cartesian sliidi<s. 

(ii) Cnily of Seieiiee: the method and (he iix thoils 
■ its history ami its pn^sent state. 

(5) Lofri(‘ and Matheinaties. 

(I) Causality and Determinism in Pliysii's and 
Iliolo^y Probability and Stalislies. 

(5) Reflexive Analysis and 'IVanseemleiiee. Idea 
of Sold — llody and Soul Sold and (iod. 

(d) V^•due, Norms (lof^ieaK moral, juridieal and 
eslhetieal) and Reality. 

Cheap Electricity for Calcutta 

We have repeatedly drawn the at lent ion of the 
reader in these eolimins to the advisability and 
neeessity of a retliietion of the ele<-lrie »-harj^!-s by the 
Caleiitta Kleelrie Supply ('orporalion. We have also 
shown in some detail how unjust it is for the C'orpo 
ration whieli haviii)^ the monopoly of supply in 
Caleiitla is safe against all eompelilioii. to eonliniie 
to ehar^e the piihlie for the supply of eleetrieity at 
an inordinatedy hi);h rale. The eosl of eoal ami the 
cost of labour heiii^ the eheapest in (’aleiilln and 
that of maehinery, ete, heiiij;: ])ra<'l ieally constant, 
I here is ahsolutidy no reason why I he unit id’ eleelrieal 
eiie.rj^y shoidd not he eheaper than the rate- prevailing 
in other (‘ountries. Persistent public agitation, 
through the pnss and on platform, led the (hivern 
ineiit to ap])oint in 11)55 an em|uiry eoiinnillee with 
a view to reduee the eleetrie charges hut the findings 


of the eommillei' were utterly disappointing, and 
the rednetions reeommend(*d were not eommensuratc 
with the finaneial position of the ('onipany and then* 
was ample scope for further reduet ion up to at least 
tntr anna per unit for lights and fans, as indeed 
maintained by Dr R. Dey, Chii f hnigineer to the 

(’aleiitla Corporation, who in eonrst* of his report 
regarding sehemes to secure supply of eleetrieity at 
the eheap(*sL |)ossihle rale, says (ride 'I'hr Calcutta 
Municipal Gazelle, 17lh April, 11)57, |). liDS): 

“The domestie rate of one anna per unit (for lights 
and fans) may ht* ealhd a fairly cheap rale that is 
possible to he obtained under the ))resent eom))any- 
maiiagetl system. 1 reiterate my opinion that this 
rat(‘ of om* anna pi*r unit for lights and fans is a 
n asonahle om* as shown by my analysis of cost and 
my evidence before the (iovernmeiit Kn(|uiry Com- 
mittee. 'Phal (’ommitfei* have reeogni/.ed the possibility 
of further rediielion below annas per unit rale 
rt'eominended by ihi'm.” 

Dr Dey, therefore, proposed among other ])ro- 
posals that the undertaking now operating the 
Cah'iitta l.i<‘ense be ])iirehased through an agency, 
who will run it as lesstc to the ('aleiitta Corporation, 
guaranteeing one anna per nnil (domestie rate) and 
other rates as proposed by the Caleulta Corporation. 
'I'liis proposal was adopted by the Rublie I'tilities 
and Markets Committee of the C'orporation on the 
51 si March last. Wc earnestly hope that it will 
reei*ive all the attention it dt*serves by the anthoriti(‘S 
eoneerneil. 

Public Health Commissioner's Report for 1937 

An aeeount of the st(‘ps taken to eoinlial diseast* 
and mortality in India is given in the Rublie liealth 
(’ommissioner's rejiorl for 11)51'. Amongst other 
things, these steps inelude provision for the treat- 
ment of diseases, training in medical si'ieiiee and 
practice and researelu's to find out remedies. 

Iltfspilals and Dispensaries : At the end of l!)51', 
there were in Rritish India iir>!)7 hospitals and dis- 
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pcnsarii;s, following the hioiUth system <»f treatment: 
Madras - Heiif^al the Pmijal) — 9fi5), 

B. & (). (i90, U.P. — <)S(), and Bombay — flrt.'t. On an 
av»!rap;o, tl^SOO persons were served by eaeli of tfiese 
institutions, tlie nvernfrrs for rural and ur1)an iiistitii- 
lioiis bt'in;' roiifijhly .'38,,'500 and 12,000 persons res- 
peelively. Of these institutions 5,202, or 70 per eent, 
were maintained either by (lovernnieiit or loeal 
authorities or Imtii, and only a small number, i.e„ 5'1<5, 
or 8 per eent, were finanet'd, inanaj^ed or eoniridled 
by i)rivate orfraiii/ations. Of the total nearly four 
thousand and a (piarter were in rural areas and the 
rest in urban. In rural areas faeilities for medieal 
relief n'lnain very inadeqiiale, the small Provinec 
of ( oor^ standing out as the area in whieh rural 
medieal relief is the most developed. 

The number of beds available in all elass«‘s of 
institutions were m arly 72,000, of whi«‘h ICi.OOO were 
for males and the rrsi f<»r females. 'I’lu- numb<‘r of 
patii'iits trratrd were 75./>00,00() of whieh IS, .'500,000 
were males and the rest females. The h»w fifrurf.s of 
females treated by no means eonnoles relative healthi- 
ness of the female population but is aseribable juirtly 
to the prevailing purdah system and partly to the 
inadecpiaey of indoor aeeoininodation for females. 

P;ieilili(‘S for the treatment of women exist in 
all elasses of institutions, but the numbers of Jiospitals 
and dispensaries exeliisively ftir women an* not v«'rv 
many, those niaiiitained or aided by (hiverriim'iit or 
by loeal funds numbered 78 in the United Provinees, 
•11 in .Madras, 10 in the. Punjab, 11 in Bengal, 11 
ill the C’eiitral Provinees, 8 in Bombay, 5 eaeh in 
“Bihar and Orissa" and Burma, and 1 in N.W.P.P. 
Of these 200 institutions, ,‘10 were State-publie, 99 
loeal and miinieipal fund, 7 1< private aideil. 'J'hese 
hospitals and dispensaries are mostly loeated in head 
ffuarltTS and other urban eent res and some provide 
only outdoor lr*'atment. 

Income and E.rpcndrture: 'I'he total ineome of 
hos])itaIs classed as State-publie, loeal and munieipal 
fund, in private-aided, was during the year nearly 
Rs. 1, **10 ,00, 000, of whieh over U.s. l’| erores eame 
from eontributions made by (iovernmeiit ami nearly 
Rs. Ij erores from eontributions by munieipal and 
local funds. 


The total expenditure on these institutions was 
nearly Rs. Jlj erores, of which Rs 96} lakhs was on 
medieal oflicers, Rs .‘lO^ lakh.s on nurses, Rs 30 J lakhs 
on diet, and Rs 19| lakhs on medicines. 

Medical Personnel: 'I’hc medical personnel in 
diiferent Provinees during the year consisted of 179 
I.M.S. officers, 90 Indian Medieal Department 
Officers, .*12 Wonien’s Medieal Service Officers, 1,760 
.salaried medieal graduates, and (1,437 lieeiieiates. The 
practice of associating sideided private medieal prac- 
titioners with the staffs of Government schools in an 
honorary capacity is gaining in popularity throiighoiil 
the Provinces. In addition, newly cpialificd medical 
graduates and Jieeneiat(‘s are being employed in in- 
ereasiiig niimlu'rs as honorary surgeons and house 
surgeons in headquarters hospitals. 

Nnrsint/ Services: During 1931', there were 3,097 
nurses employed in hospitals, of whieh 3,48(1 worked 
in urban areas and 211 in rural. The nursing services 
in rural areas are chwelopiiig very slowly. The total 
e\})enditure on nursing during the year in State- 
public, loeal and munieipal fund and private aided 
hospitals was Rs 36 j lakhs for nearly 11 lakhs of 
indoor patients, (he expenditure on nursing per ease 
trenttMl being Rs 3 I (1. 

Subsidized practitioners: Considerabh; ])rogress 
has been made; during the preeeiling dei‘ade in ex- 
ttmding medieal relief to remote rural tracts, notably 
in th«‘ Punjab ami Madras, by means of subsidies 
to privatt* practitioners. 

Mental hospitals: I'lie Census of 1931 ])laees 
the. number i»f insane |)ersons in British India at 
nearly 98,()()() (i(),()()0 males and 38,000 females, 

'riiere were It) mental hos])itals for the housing of 
insane persons, whieh were maintained at a cost of 
Rs 36 lakhs during the year. 'I'liese hospitals had 
aeeoininodation for only 9,618 patients and could house 
during the y<‘ar only 13,60(1 insane person.s, of whieh 
nearly 10,600 were males and 3,000 fc'inales. 

The appart'iit disparity ImIwccii the ineidenee of 
insanity between males and females is stated to be 
attributable )>arlly to the natural temleney to eoius'al 
fetiiah* eases and partly to the fact that women, lead- 
ing a more shf‘lLt‘red life, are less subject to anxiety 
and less liable than men to indulge in excesses of 
various kinds. Insanity is an atilietion of the adult 
period, and an analysis of the total admissions into 
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liospilals sliows that 74 per iriit were, lM*lwc‘t‘ii 20 and 
40 years of age, and nearly 00 p(T cent were Hindus 
and 21 per eeiil Muhatninadan. 'I'lie high ineideiiee 
amongst females in these ages was (‘vidently due to 
the strain of ehild-b«‘aring; that among males ei»rres 
ponds to the period of entry into family life and the 
assoeiated eares and worries. 

Medical Education: There are 10 imdieal eol 
leges in hritish India, of whieh heiigah Homhay ami 
Madras have 2 eaeh, and the Piinjah, Delhi, Ihe 
United Provinees and Bihar and Orissa 1 each. The 
iiiedieal sehools in existence in British India nuinher 
28 and are distrihuled as follows: Bengal 10, 
Madras 8, Bombay 5, U.P. 2, Punjab 2, B. tk O. 2, 
Biiniia 1, C.P. 1, Assam 1, and (M. 1. 'I'he Direelor- 
(ieneral, Indian Medical Service, in a note about 
these sehools says that none of them iiave quite at- 
taint'd the desired standard and st'veral are deplorably 
deficient, the two ))rineipal debi t s in most sehools 
being overcrowding in the number of students and 
defieieiieies in etpiipmeiit. 

Ucsearch: Important researches and medieal in- 
vestigations during the year were eondueted at the 
Central Research Institute, Kasauli, the All-India In- 
stitute of Hygiene and Public Health, ('aleiitta, the 
School of Tropical Medicine, C’aleutta, Ihe Hairkine 
Institute, Bombay, the King Institute of Preventive 
Medicine, Madras, the Pasteur Institute of Inilia, 
Kasauli, the Pasteur Institute of Soiifhern India. 
Coonoor, the King Kdward VI 1 Memorial Pasteur 
Institute, Shillong, the Burma Pasteur Institute and 
Bacteriological Laboratory. During the year, roughly 
(iOO, 000 e.e. of prophy lactic cholera, .'irjO.OOO e.e. of 
propliylaetie 'I’.A-B., 20,00 c.c. of prophylactic in- 
fhienxa vaccine, besides more than 10,000 doses of 
various other vaeeines were issued from the Central 
Ileseareh Institute, Kasuali. 'I'he Institute also manu 
faetiired during the year nearly (>,000 tubes of anti- 
veniiic, 1 1>,000 tidies of normal horse serum, and 100 
tubes of high til re (diagnostic) serum. 

Indian Uesvarvli Fund .tssonation: In addition 
to the researches eondueted at the Institutes named 
above, important investigations in malaria, plague, 
cholera, kala-azar, leprosy, nutrition, lubereulosis, 
vaeeines and helminthology, besides numerous other 
enquiries were eondueted under the aegis of the Indian 


Ileseareh Fund Association. 'Pile researches were of 
.such far-reaching importance that it is difficult to pick 
out any in preference to others. 

A large amount of material was collected for the 
study of post I'pidemic conditions, eiideniie conditions 
and the eirecis of the Siikkiir Barragi* on the ineidence 
of malaria. 

Amongst the anti malarial measures studii'd, there 
were Paris (irecn dusting in villages, use of larvieitlal 
fish, destruction of larvae in streams and irrigation 
channels and relative values of spraying mixtures for 
killing adult mosi}uitocs. Investigations were also 
eondueted into the relative clinical etlieaey of totaipiiiia 
as compared with quinine, the elfeel of eliniatie con- 
ditions upon the toxicity of pIasnio(|uin, anil new 
qualitative and qiiantilalive tests were made for 
atehrin. 

Kxperimeiilal work was carried out on methods 
of testing the viruleiiee of plague cultures and a 
standard test has now been dexised. ^ study of the 
rilative proteelivc value of dilfereiit plague, vaccines 
was continued and the provisional eonehision was 
reached that the prophy laetii' administration of ])hage 
was etfeetive in redueing the rale of attacks from 
cholera. 

“Lcjirolin” was tried in the treatment of leprosy 
and in resistant cases with limited lesions it gave 
excellent results. 

Investigations in nutrition inchiiled inetalMdie 
studies made to ascertain the extent to whieh ei'real 
grains in common use in India favour or disfavour 
tlu' retention of ealeium, magnesium and phosphorous. 

Amongst oilier eiupiiries mention may be made of 
the indigenous drugs and the ilriig addition enquiries 
by Lt.-Col. ('hopra, whieh have been in progress for 
a numbi'r of years. 

Medical InlclUfjcncc: An account of Ihe organiz- 
ed activities to combat disease eannot be complete 
without mention of the steps taktii to obtain medieal 
inlelligeiiee and to keep out disease from coming ill. 
'I'he office of the Puldie Health C’ommis.siont'r con- 
tinued to fulietioii as the epidemiological bureau of 
the Cfovernmeiit of India and issued epidemiological 
returns exery week. India also actively participated 
in the activities of international health organizations 
such as the Oiliee International d’ Hygiene Publique, 


563 


Vol. ir. No. 11 
MAY 11137 



NOTES AND NEWS 

Paris, llu* Siiigaport* iiiircaii, I^cagiic* of Nations, 
Honllli SofMoii of llu‘ Lra/ijfuc of Nations, (Geneva ami 
ilie Coiij^rt'ss of the Par Kasterii Association of 'I'ro- 
pical Medicines, held at Naiikin#^, China, in Ocloln'r, 

1 «)»!•. 

Steps were also (aki'ii in the Ports of Jlombay, 
Karachi, Cah'iilla, Madras and Raiif^oon and Aden, 
to kt‘ep out diseases which ini^ht otherwise come in 
with travellers from abroad. Por tliis purjmse elTee- 
livc pid)lie health or^ani/alioiis were maintained at 
each of these Ports. Heeeiilly, it may be remembered, 
elnboratt* ipiarantiiie arraiij^i-iiH-nls have been put in 
operation at the air port of Karachi so that persons 
travelliiij' from Africa, which is the endemic home of 
Yellow Pever, may not carry the disease into Imlia. 
Should Yellow P'ever happt'ii to be introdiieed into 
India, the iliseast* won hi be so appal liiif^, says the 
Public Health Commissioner, lliat it might W(‘ll eripph* 
the country for a generation. An idea of the magni- 
tude of the danger with wiiieti India was fatrd may be 
hail from the fact that not merely are all faetors 
whi«*h make for a rapid spr<*a<l of the disease are pre- 
sent but as a result of development of rapid aerial 
eoinmuniealion India is now only a few days distant 
in time from Africa and infected persons travelling 
by air from Africa <‘an arrive in India well within 
tlie ineubathm jieriod tif the disease. i\nolher danger 
is the i)ossibilily of itife<‘ted inosqiiiloes being carried 
by air «‘raft travelling direct from Afri«*a to India 
and stringent preeautions are now eiilbreed to eliini 
iiate this danger as far as humanly ])ossible. 

Mr N. R. Sarker 

Mr N. It. Sarker, the new I'inanee Member in 
the Ministry of Meiigal, is well known to the outside 
world as a great tinaiieier and the head of one of 
the premier insurance eoneeriis of llengal. llul people 
are not aware of one aspect of his activities in which 
SeiKNcK (k Cri/nuK is particularly interest<*d. 
SeiKNeK & Cri/ri HK has in s«-veral articles pleaded 
for the estal)lishiuent of a river ])hysies Jalioratory 
ill Ih-ngal. In doing so it has only followt'd the lead 
«»f Mr Sarker. In the (lovernment of Hetigal 

under pn-ssure from the all powerful Heiigal ('hamber 
of Coinmeree had adopttal a seheme for cutting a 
Grand Canal from the Ganges north of Caleiitta to 


khuliia. This canal was to have cost Rs t-i^ erores 
and was to have jirovided a short-cut to Piasterii 
Heiigal for the benelil of the merchant princes of 
Calcutta, 'riu? welfare of the public and of the rural 
population did not form part of the seheme. 'Phe 
tipeiiing of such a canal was opposed to all hydraulic 
principles and would have, like the famous Rurdwan 
and Ronaldshay dredgtT.s, involved the Bengal 
Government into .serious Hnaneial losses. 'Phe matter 
was taken up by Mr Sarker who was then a member 
of the Legislative Council and in several speeches and 
pamphlets he so thoroughly proved the unsoiindness 
of the seheme that it was ultimately abandoned. By 
this ]>ublie'.s])irited action, Mr Sarker saved Bengal 
from another tinaneially ruinous seheme like llu* 
Bombay Baekbay Seheme and the Miiiiily hydro-elee- 
trie seheme. A perusal of this paniphh‘t showed that 
.Mr Sarker has got a thorough grasp of the hydraulic 
problems of Bengal about which Sciknck & Cri/rntK 
has published a numbi*!* of well informed artieh's by 
Dr N. K. Bt)se and Mr S. C. .Majuindar. We have 
reci'fitly pleadeil lor the establishmeiil of a river l>hy- 
sies laboratory which will carry out fundamental 
research work on I he hydraulic ])robIenis in Bengal 
and will yield results of great enginet'riiig importanee 
for the lower Ganges valh*y. Now that Mr. Sarker 
is at the helm of ali'airs in Befigal, we may hoi)e that 
he would be able to prevail upon his colleague's to take* 
up the establishment of such a laboratory in near 
future*. 

Indian Cotton Scientists* Conference 

An important eonfereiiee of scientific research 
w'orkers on eotlon in India, the first of its kind in 
India, with a view to disi'iiss many teehnieal and 
seieiitilit* questions eonneeted with the improvement 
»if cotton frc»iii a purely seieiitifie standpoint, was held 
in Bombay under tin* aiispief's of the Indian CVntral 
(’oniinittee on 4th, Tith and (ith .March, n):f7. 'Phe 
e«»nferenee was presided over by Sir»Bry<'e Burt, 
oflieiating viee-ehairman of the Imperial ('ouneil of 
Agricultural Research aiul President of the Imlian 
Central Colton Coiiimillee, on the first day, and by 
Dr W. Burns, oflieiating Agricultural Kxpert, on the 
.second and third day. 'Plu; eonferenee w*a.s alt(*nded 
by a large number of cotton n*searc*h workers fnmi 
all parts of India including junior cotton research 
workers, besides a number of jirofe.ssors from local 
eollegt'N. 
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A mimbtT of papers on U'oliiiolojry, iiiVfoKjf^y, 
plniiL briH'diii;;, a^roiiuiiiy anil eiiloiiioln^y wt-iv reail 
anil were t'olloweil by iiileivstiiij; ilisoiissinn. An i ii- 
trrtaiiiing iliscussioii look plan*, on Hit; iiilirritanri* of 
will resislaiu'c in eoMon anil il c'lieiU'il a iinaniiiioiis 
expression of opinion on the present stall' of oiir 
knowledge in tliis eonnexion and on the proper lines 
for seieiilifie bna'diiij^ of eollons against will resisl- 
anee in future. 'I’lie eoiifereiiee passett tlie fotlowiiijr 
resolution: 

“'rids eonferenee af^rees that the breeding of 
strains iniinuiie Lo will under optiiniiiii eoiitlitioiis is 
tilt; ideal to aim at. For a^rieiilliiral disi ribution, 
resislanee of llie order of ^•'5 /,j uiiiler heavily iiitVeted 
field etindilions is salisfaeltiry. providetl that tiir strain 
has been tested and shown lo be praetieally hoino/y 
^ous for that decree of n sistanee Iti wilt. 

'I'lie eonferenee reeoinmeiids that 

(IJ lesls for hoino'/yt^osily should lie applitsi tu*- 
fore a resistant strain is releaseil for dis 
tributioii, 

(2) the I’athidoj^ist should also eondiiet test for 
hoinoxygosity and neetl only seleet in material 
shown lo be hett‘ro/y}j!ous, and 

(.‘{J the eonditions under whieh fiehl lesls are be 
in^ earried out should be deserilietl anti siand- 
arili/.ed as far as is praetieable." 

'rile inembers of the eonferenee availt'il theinsebes 
of their preseiiee in liombay by jiayin^ a visit to the 
Cot Ion Fxehan^e at Sewri where they were shown 
llie etilton standards nsetl in survey and appeal anil 
also the means for determining hninidily in samples 
of eotttm. 'I'liey also visitetl the 'I'eehnolo^'ieal Labo 
ralory of the Indian (’eiitral Cotton Committee at 
^^atlm^a, when* Dr Nazir Ahmad anti his etdlea^nes 
showed the useful work bein^ done at the institute. 
'I'he eonferenee devoteil tlie third day of its silling 
to the eoiisideralioii of questions of plant bri'edini*: and 
.slalislies. 

Poidih Colliery Disaster 

One of the worsl disasters in the history of Iiiiliaii 
milling was the explosion in the Poiilih eolliery on tin* 
liSlh of Deeeniber, ItKItJ, in whieh 2()Jt persons (iii- 


ebidin;i; nianaj^er), out of whom were women, lost 
their lives. 'I'he explosion was so severe that no 
resene work isiiild bt* imderlakeii and tin* mine had 
to be sealed, as il was rt'^arthsl lo be improbable 
that aiiybotly had survived. 'I'he etdiiery is about seven 
miles from .\sansol. 'The CiMiiinitlee of Fjiiquiry 
appointi'd lo invesli^ale into the eaust's and orif^iti 
of the disaster consist ed of .Mr O. .M. .Marlin (Chair- 
manj. .Mr L. A. .loeohs, .Mr M. K. Host* and Mr (i. S. 
Cami-roii. They have reeeiilly snhmitted thi'ir rejmri. 
The retmrl says: 

“.Vs no 1 ‘xplosives were nsetl in the mine, il i.s 
e\trt‘im‘ly ])robabli‘ that the aetitleiil hatl ils origin 
in the aeeidt'iilal ij^nilion id' an aeenmnlal ion id' iidlam- 
inable &>as rather than coal dust, hnl I here is no ileiinite 
i‘videni‘i‘ to show from what part of the mine the 
t'Xplosion ori^'inaleil, how it was propagated through 
the gallt ries or what was the i^nitin^j; eanse." 

Tilt' ftdlowiti^' havt* been sn^'i*'esteil as possible 
eanses: 


ih 

.V lie feel or 

an ae 

eideiit 

al damagi* lo a 


safely lamp. 




(.*') 

.Misuse of a 

sa I'lly 

lamp 

in llie j)ri*.st*iiee 


td' gas. 




(iii) 

.V light from 

a mat 

eh or 

otlii*!' apparatus 


for producing 

light. 



(iv) 

.V spark from 

eh‘etrit*al apparatus. 

(v; 

A sjiark from 

some 1 

»lhiT i 

leeidental causes. 


'I’he Ctmimittii; believe that there was nol one ex- 
plosion but a series of explosions following one an- 
other in qiiiek seeeession. .V i^as explosion followed 
by a coal ilnst explosion may have been followeil 
a,i<;ain by another I'Xplosion. 'I'lii* I'ommittee also 
foiintl that ihe maiia^'er had been deliberately falsi- 
fyin|if allentlanee rej*islers lo eoneeal from Ihe (iovern- 
iiit'iit liispeetors the fact that he had been employing a 
far ^rt'ater number of women inside the mine than 
the permissible limit of S p.e. It was also diseovered 
that Ihe meehaiiieal ventilators whieh, when workin^r, 
prevent Ihe aeenniulalion id' inilamniable ^as, had been 
stoptii'd for some linn* bi*fore the aeeidi'iit. 'riie 
eommittei* have made certain reeoiiimeiiilalions to 
miiiimixe sneh aeeiileiits in fnlnre. In near fnlure 
we hopi* to publish an aiilhoritativi* arlieh* on mining 
aeeidents and Iht'ir prt'viiition, whieh we hope will 
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intorest our readers in view of the reeeiit aeeidciits 
in the Indian mines. 

Bengal's Smaller Industries 

A reeeiilly issued press note says that llu! Indus- 
trial llesean'h Laboratory of the Industries Depart- 
ment of the (iovi-riimeiit of Ht'ii^al earries on systein- 
alie researeh work, in its eheinieal seel ion, to assist 
the smaller industries whieh have not f^ot the neeessary 
resoiirees llu'inselves. It also he1})s siieh industries 
by solving minor teelinieal prtiblems, answering eii- 
(piiries and preparing sehemes. Among tlu* subjeels 
on wiiieli researeh work has been sue<'essfidly done 
last year wen* the ulili/alion of waste gas in the manu- 
faeture of silieate of soila, saponifiealioti by means 
of soda ash in soap making, soap making l)y the eold 
proeess purilieation of honey and the inanufaetiire of 
iiu'tal polish. In addition to work whi(‘li had not been 
eompleted last year ( t‘I(i), it was proposed to 
earry on work on iiianufaetiires of' varnislu's, ink, seal- 
ing wa\'^ disiiifeetaiits and sali food. 

Radio Research Board for India 

Reeeiitly, in the Coimeil of State, Pandit H. N. 
Kun/.ni moved a resolution to llie elTeet that in view' 
of the great importaiiee of radio develojnnent in 
India, an all- India radio researeh board be established 
on the lines of the Radio Researeh Hoard of Hie 
L'nited Kingdom. 'I’he resoliitioii W’as rejeclc*d after 
some diseussion in the course of whieh Mr A. G. 
(’low, on behalf of the Governim*nt, opposed the idea 
for laek of funds. 

D.Sc. Awards 

Nripeiidra .Nath (’halter jee, formerly Sir Rash- 
behary Gliose rese areh scholar in ('lu*mislry, has be*i*n 
aw'arded llu! degn'e of Doe-tor eif Seieiiee eif the 


University of Calcutta, the subject of liis thesis being 
“Syntbe.ws of Phenanthrenc Derivatives.*' 

S. S. Hanerjee of the Hinelu University has been 
awarele'd the degree of Do«*lor of Science for his work 
on elfeets of bends aiiel eorne-rs on the radiatiein resist- 
ance of parallel wire high-freqiietiey traiismissinn 
lines. 

Industrial Research Grant 

In a ])re‘vioiis issue of Sciknck & Cri.TUiiK (Vol. 
II, Nei. R), w'e dealt at seiine le'iigth on the need of 
closer eo-operalion betw'eeii universities and industries 
and the necessity for monetary grants by rich men, 
especially industrialists, of the country to stiiniilate 
ami promote the growth of seientilic research. 'I’herc 
we mentioned the insluiiee of Messrs Steel Hrothers 
of Ixmdon, who placed at the disposal of Professor 
S. S. Hhalnagar, head of the chemical laboratories 
of the Punjab University, a eonsiilerable sum for 
the facilities of his investigations. Seieiititie research 
in tin* Punjab is now' further indebted to Dr Hhatiiagar 
whose sui-eessfiil researches on industrial problems 
liave brought forth a generous oiler from Mr G. 1). 
Hirla. With the object of helping the University in 
taking pari in the industrial development of the 
country .Mr Hirla, it is reported, has placed at the 
disposal of the Punjab University a sum of Rs 7,000 
per year for a ]K‘riod of three years in order to enable 
Dr Hhalnagar and his researchers to undertake invesli- 
;;a;joiis on certain problems eonneeU-d with the. indus- 
tries under the c*ontrol of Hirlas. Though a major 
part of the money was otfen-d to him personally. 
Dr Hhalnagar made over the entire sum to his Uni- 
versity, as he did w’ith the grant of Messrs Steel 
Hrotiu-rs. 'I be syndicate of the University have 
accepted tin* olfer as well as the seheme drawn up 
by Dr Hhalnagar for its iitiliaalion. We appreciate 
very iiiiieh the generosity of Mr Hirla as also the self- 
less devotion of Dr Hhalnagar to industrial researeh. 
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Science in Industry 

The Proposed Steel Company at Hirapur 

India lias been import nnnuallY, i vtii on a 
conservative estimate, .‘iGOyOOU- 1<0U,()()0 tons of steel 
in excess of the output of the 'I'ata Iron & Steel C'luii- 
pany Ltd. Owing to the widespread industrial deve- 
lopment of the eoiinlry, however slow it may he at 
present, and the demands of iron in Kurope and other 
foreign countries which are fast arming them- 
selves heavily, it is but natural to expect 
that the future of the trade in iron is exetedingly 
bright in India as in other countries of the world. 
It is, tlierefore, cpiile in the fitness of things that 
Messrs llurn & Co., the managing agents of the 
Indian Iron and Steel Conipany Ltd., have recently 
announeed the scheme of a new steel works at Hira- 
pur (for the full scheme vitlv Cnmmrrv'ial (ia::vttc of 
the. 2nd March 19f*i7). It Is held in authoritative circles 
that there is room enough for anotlu'r big steel indus- 
try in this country to d<‘velop. According to the 
scheme the new factory to be started at llirafnir 
will turn out 2, 00, 000-2 5 ,00, 000 tons of finished 
steel annually. Various facilities to the new com- 
pany are proposed in tin* scheme by the maii.*iging 
agents of the Indian Iron and Steel ('o. in return of 
one-fifth of the surplus profit. 'I'he arrangements 
proposed between the two sister <ompanies are very 
satisfactory and the establishment of the new steel 
works at Hira]nir seems to be a very sound indiistrial 
venture. 

Mineral Resources of Singhbhum 

"India’s Northern Ontario" is the description 
given to Singlibhiim, in a Memoir on niiiieral ileposits 
of Eastern Singhbhum and surrounding areas, by 
Or J. R. Dunn, ))ublishcd from the Oeological Survey 
of India. One of the richest of India's mineral areas, 
it is the seat of India's major metallurgical industry 
at Jamshedpur and what will probably prove to be 
the world's largest deposits of iron ore, occur here 
and in adjacent areas. The mineral finds in the area 
are in fact of a diverse character, and include <*opper, 
apatite, gold, wolfram, mica, lead, iron ore, vanadium- 


ore, mangaiu*se, ehroniite, asbestos, barytes, building 
materials, garnets, china clay, ochres, refractory 
materials, tale, road and railway ballast, and even 
platinum. At one time or another most of these mine- 
rals have licen mined. IJnfortunattdy, however, the 
mim'rals are rarely concentrated into payalilc deposits 
but lie scattered in the rocks, so that the area is not 
as rich as the diversity of the minerals found would 
suggest. Singhbhum has a eoppe-r belt over 80 miles 
in length with a history extending from the aiieieiit 
days, 200 years ago down to the present times. The 
.\remoir gives a description of eac-h individual eo])per 
deposit as also of other deposits of importance such 
as iron-ore, apaliti*, g(dd and refractory materials, 
and fur eai'li deposit wherever i>ossiblc Dr Dunn's 
(‘Xplicit opinion of its (‘conomic value is given. 

In the course of his report Dr Dunn says: 

‘Tieology and mineralogy have now taken their 
place amongst the sc’ienees studied in India, and the 
Indian School of Mines is fulfilling an important 
position in the mining industry. India iloes now 
])o.ssess the man with the recpiisite knowledge t(» un- 
(h'rtake prospecting, but it seems that the work with 
its hardships ])ossesses no special attractions. The 
mining industry has not always bet'ii able to absorb 
the number of students who graduate annually, but 
tln-re is plenty of scope in India for graduates to 
firospeet and to devidop their own finds. A good liv- 
ing can be made out of a small niim‘ral deposit by 
em-rgy and with average Iiu-k. Large deposits are rare 
finds, but there are inniimerable small oeeiirreiiees 
waiting to Ik* found and developed. So long as these 
are worked (‘ari'fully and kept out id* the hands of 
tli.'it type of company promoter who would men*ly 
use them as a means of raising large (‘apital funds, 

the prospector should have some success 

Singhbhum and the surrounding areas shoidd be the 

happy hunting ground for sui‘h pros))ect«>rs 

Copper and iron mining can only be undertaken by 
largt* companies, but apatite, gold, asbestos, tale, clay, 
kyanilc, refractory (|unrt/.ite, and road and railway 
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ballast can often be profitably worked by individual 
miners." 

'fhere is in fact an excellent field of research 
ill the use of the apatite, and vanadiuin deposits. 

Rock as a Subbstitulc for Soda ash in Glass In- 
dustry 

There is in largi‘ ipiantities in India a eerlaiii 
kind of rock, which, if etirreetly used by ^las.s iiiaiiii- 
faeliirers, would make, lo a larj^e exleiil, the present 
expensive imports of soila ash uniieeessary. 'Fliis 
observation is made in a scientific ])aper, published 
recently by the Industrial lleseareh Hiireau of the 
(tovernment of India, and written by Dr V. S. Dubey, 
and Mr P. N. A^rawala. 'I'he authors point out that 
most of the glass made in India is soda litm* glass, 
for which the raw materials requirt'd are sand, lime 
and soda ash. Of these three materials the first twt) 
are abundant in India, while soda ash has to be im 
portt'd at a price about aO pt r cent hight'r than it is 
in Kngland and tdht r count ries which produce tlu'ir 
own. On the axerage, stitla ash represents a eonsi- 
derable proportion t»f the et»st of raw materials for 
making glass in Intlia. Details are given by the 
authors of t'xpt'rimeiits which show that it is possible 
to rt'pbiee abtiut 50 per cent of the sotia ash used 
by Ifulian glass mainifaeliirers with certain kinils of 
rocks to be found in India. As a result tif this pro- 
cess it is claimed that it is possible lo reduce the cost 
of raw materials by .‘10 per cent. More than one 
kind of nick eouhl be used bir this purpose, but the 
authors came to the coiiehision that the ncpheline 
syenite variety was best suited for the glass imlustry, 
being (visily accessible and oeeiirring in larg<' dt posils. 
F<ir example, there is a huge outcrop of this particular 
rtiek at Krishangarh ( ltaj|)utana ) about two miles 
from a railway station. 'I’liis rock also occurs in 
Kathiawar, in tin* Coimbatore district (M.adras), and 
near Vi/.agapatam. 'I'he only drawback to the use 
of this particular rock is that it contains a high per 
eenlag<‘ of ft'rro magnesium minerals. It is pointed 
out, howevi'r, that this could be easily and cheaplv 
extraeted, sti that this would be only a small diffii'ully. 

Indian Central Colton Committee 

'rile annual nport of the Indian Central (’ollon 
('oinmiltee which has just been published reviews the 


work of the CommilltH! for the year ending 31st 
August, 193<). The report says that the investigations 
August, l.*)3(i. 'I’he report says that the investigations 
undertaken by the Coniinittec into the possibilities of 
growing cotton of long and medium staple in the 
present short staple cotton areas of India, have pro- 
vided valuable information for framing future cotton 
policy of the country. Steady progress was maintain- 
ed in the matter of eneouraging superior types of 
(*011011 by eradicating inferior short staple varieties 
growing in the same tracts. A bill for the ])rohibition 
of the cultivation of the inferior (iarrow Hill Colton, 
duly endorsed by the Committee was introduced in 
the Central Provinces Legislative Council. 'I’he 
Hoinbay Legislative Council also passed a similar act 
to eliminate the interior (ioghari cotton from the 
Sural tract. 'I’lie (loveriimcnt of llaroda have applied 
the provisions of the Mombay Act with slight moditi 
(‘alions in their territory. In order to suppress the 
many malpraeliees ('xisling in the cotton trade such 
as the watering and the fraiiduh'iit mixing of cotton, 
the ('ommillee advoc'aled the introduction of legisla- 
tion for the licensing of gins and [iresses for (‘hei'king 
the various malpractmes. 'I’he llombay and Central 
Provinces (lovernments have inlrodiU'cd the necessary 
h'gislation within their jiirisdietion. liydt'rabad stale 
introduced legislation of this typi*, as long ago as 
IP31. It is to tin* credit of tin* ('ommillee that as a 
result of exhaustive research work earrii'd out under 
its auspices and financed by it, that the P. (loverii 
ment have passed legislation for eontridling by a seed 
lu'atiiig jiroeess a pest ealh'd the I'ink lioll-worni 
which destroyed U])wards of of the crop in normal 
years and nearly 50% In some years, in Cniled Pro- 
vinces. 

'I’lu' Indian C'entral Cotton ('ommillee linama'S a 
great many research sehemes, botanical for breeding 
high yielding superior ly])es of eottoii; entomological 
for the study of the life history of e(‘rtain (‘otlon 
p. sts and tinding out measures to eombul them; my- 
eologieal for ascertaining ways and mi'ans to prevent 
loss due lo wilt and root rot; and physiological for 
the invest igat ion of crop growth and bud and boil 
shedding. During the year under review there were 
21 ) research selu'ines and 17 seed (‘xtension and mar- 
keting sehemes under operation, with a view ultimately 
to putting more money into the pockets of the culti- 
vator of cotton; whose welfare is llu^ chief coiK't'rn of 
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the Committee. Tlie total amount satielioiu'd for the 
schemes beiiif^ Rs 5,75,000. 

Durinp; the year iiiuler review the mills in India 
consumed 2,1577,672 bales of cotton of 1-00 lbs. nett. 
The exports for this periocl were ;5, 82(5,000 bales of 
400 lbs. nett against .*5,115,000 bales in the. jireeeding 
year. The. Publicity Departiiicnt of llie Indian (’enlral 
Cotton Committee did valuable work by all available 
means of publicity by carrying on .an informing cam- 
paign in the dissemination of knowledge relating to 
the culture and industry of Indian cotton. 

Open pan Sugar Industry 

We have received from one *>f our readers .an 
interesting letter (Ui opt n pan process in sugar in- 
dustry. Our t‘orrespon<lent has tried to show' that 
though llie effieieney of the proeess is low, it is very 
useful under certain eireumstanees and therefore 
deserves attention and eiKamragcmeiit from scicntiiic 
workers. We give below the rehrvant portions from 
this letter. 

"'riic development (»f modern sugar fa<‘tories in 
India has led somt* people* to think that the open pan 
industry has now no plaet* in the country and should, 
therefore, Im* abandoned and that it is not worthw'hilc 
to improve it. Tlic purpose of this note is to point 
out that the open pan process, although its cflieieiicy 
is undoubtedly low, still has good reasons for its eon- 
timianec in the country. 

"One <*hief rea.s<in why the open j)an system is 
still of eofisiderable imporianee is that in certain 
parts of India where eane is not grown in large eom- 
pact areas, there is little room for starting large scale 
sugar factories that can compete successfully W'ith 
factories in other parts of the eounlry. In the (Viitral 
Provinces, for example, the local (jovernmeiit, while 
examining the possibility of developing the sugar in- 
dustry in the province, found this to be the ea.se and 
have therefore taken steps for demonstrating the ii.se 
of centrifugal machines and the open pan process, 
W'hich holds out better prospect of profit for the 
grower in that province. Information to this ctTcct 
w'as suppli(*d by C. I*, (vovernment in reply to a cpies- 
tion in the Legislative Council. 


“According to the Punjab report on the opera- 
tions of the department of agriculture for the year 
ended .luiic .*50, li).*!!-, the inaniifaelure of while sugar 
as a cottage industry by the open pan process is gain- 
ing in po])ularity, though good pan men are not abiin- 
daiil and by re.^-soii of this short.'ige, classes were 
organixed at .lullundar to teach ‘ra/i*-inaking. 

As regards Rombay, the results of the recent ex- 
periments (Hulletin No. 175 of on the Mamtfac- 

Aurc of ichitc su(jar and diil hi/ lln‘ open pan procesit 
by V. V. (ladgil, 15. .\g.) earrie«l out by the llombay 
presidency .'igrieultiiral department deflnitt ly indicate 
there is still a place for sugar making hv (he opt'ii pan 
pro(‘ess, /.f*., there is still a margin of proiit for those 
who follow this method. Kveii in the I where 
the numlu‘r <»f modern sugar factories is by far the 
largest, there is a fairly gootl numiu-r of Khandsari 
concerns in operation, ecjiiipped with electrically ilriveii 
ecu t ri f uga 1 mat*! lines. 

"Aiiother point w'hieii also ileserves meiitioii in 
this connexion is that while the iiioderri factories 
rt'quire ca 2 )ital and orgatiixalion luyond the means 
of an average petty capitalist in India, the low' capital 
(‘xptmiliture involved in tin* open pan proeess of 
sugar iiianiif.aeliire puts sugar-making w'ilhin the. 
reach of even ))e:isanl eullivalors. Some of the culti- 
vators therefore make llu‘ir own sugar whih*. some 
prefer to sell their eane to Khandsari ow'iiers only 
on grounds of eoiivenienee siin*e the Khandsari process 
is carried out in the village itself. Mention may also 
be made here of (he fact that then; is a definite 
demand, however small it may be, for Khandsari sugar 
at least in the rural areas on aeeounl of the Indian 
.sentiment against the use of hone eliareoal in the 
modern jiroees.ses. 

“It will l>e seen from the above paragra])hs that 
the open pan system of sugar production has certainly 
got a place as a eott.'ige industry in India. Its future, 
however, depends upon tin* amount of eo opi ratiiin 
and help that scientific workers extend to it. Further 
improvements which will iiu*rea.se the percentage 
yield of sugar and bring down the cost of production 
are needed to be devi.sed in the jire.seiil proeess. Some 
m.'iy suggest that it is not worthwhile trying to im- 
jirovc. and popularize the open pan .system Avhieh is 
less paying than the modern factory method. One 
must not, how«*ver, forgi't th.'it the Khandsari svstem 
is the little man's industry in India and as such its 
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low i*/Iic*k*ncy, far from a reason for not attcinpl- 

ing to improve seems to he a stroiijf reason for a 
further programme of research in this direelion/' 

Industrial Development of India 

'I'liis inoiilh we are piihlishiiig two articles in tin's 
section, one hy Professor Sehroif of Henares llimln 
Ihiiversity and llu* other hy Air K. I.. Roy *»f llu; 
Departnu'iil of Applied Cheinislry, (’aleulla Iniiver* 
sity. Pnd'essor Sehroif, in his arlieli*, jileads for a 
greater e<i-operalion l)elween the industrialists and the 
Inilian universities and shows that for industrial 
d(*velo])iiu‘nt of file eoimtry, research and seieiitifie 


planning arc essential. Further comments here are 
unneei'ssary as the snhjeet has Wen discussed at soma 
length in the (‘ditorial article this month. 

In view of the fact that many eonntries in Knrope 
(e.g. Knglaiid and (Jerinany) have r«*e»*ntly cstahlished 
hig factories to prodnee licpiid find from coal on a 
huge s«-ale, Mr K. L. Roy's article will he of special 
interest. In this article he has gone into the historical 
and seieiitifie as])eets of the snhjeet and has slnnvn 
that the ernde method of stock hnrning of coal pre- 
valent in India is highly w'astefnl as ahont 10 gallons 
of Jiipiid find are lost for every ton of coal hnrnt 
in this way, which means that we loose ahont 
10,000,000 gallons of lifjnid fuel each year. 


Incliistricil Co-opcrulion ciiicl liiclitin Universities 

M. L Sdiioff 

I'rnfRHSurof rhnriiwu'i'iitii'H. Ilnfiurc:* Hindu I -ii I verity. 


'rile role of eheinistry among oilier seienees, in 
the devt lopiinid of I he resonrets of a nation was 
never htd'ore hronght home so vividly to the minds of 
men ns during the last Knropean war; and evt'ry 
student of seiiiiee Uimws how the (ierman eheiiiisis 
saved their eoimtry from an early disastrous defeat. 
In the eivili/ed worhl today, eln-mistry is interwoven 
with all the iieeessitii s «d' life. Onr ilress, food, shoes, 
medieiiu's, I'litertainmeiits and ]iraelieally all such 
things as come under the term ‘luxuries’ are the pro- 
ducts of (dieinieal processes which are hi ing earrii-il out 
daily in workshops mostly outside India. It is for this 
reason that we should turn onr serious atU-ntioii to 
the )>rohlem of making India self-.siiflieient at least 
in regard to the necessities of life. 

India- is far hehind other eonntries in industrial 
research. Real industrial research is practically un- 
known ill this eonnlry. 'The capitalists and industria- 


lists are ignorant of the roh* of si-ieiiec in industry 
and are inditl’erenl, in eonseipieiiee, to the development 
of the resonreivs available in the eonnlry. While in 
other iiid list rial ly advaneeil eonntries then- are a large 
nninher of M'holarships and fellowships granteil in 
various nniversilies for carrying on research on 
iinlnstrial prohleins. very few i-xist in India. In many 
Aimrican universities, for instance, there are special 
n seareh fellowships grant«'d by Lanndrymen’s Asso- 
,’ialion, Palmolive Soap Company, National Kraut 
Pai’kers’ Association, Potash Kxport rompany, Kdgar 
Plastic Kaolin Company, the Corn Prodiiets Company, 
the New York Florists’ Club, the Nagara Sprayer 
and Chemical (knnpaiiy, and a host of others for carry- 
ing on n search on different problems, 'riiere are also 
.scholarships of geiu'ral irulnstrial nature granted hy 
the well-kimwn IJakelite Corporation, K. I. diiPonl 
Company, etc., for eneonraging re.seareli on other 
industrial jirojeets. Hut in India even the most 
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paying imliislry .siu'h as tlial of sugar lias iioL rarc'd 
to institute any seliolarsliip or fellowsliip for research 
on sugar and tlio utilixation of its byeprodiifls. This 
allows what a big gulf exists lu'tweeii llu; Indian and 
llu? Western induslrialisls. If llie Sugar Assoeiatioii 
had lakeii the initiative^ by this time it would have 
gained inueh more than it eould possildy have sp**nl 
for promoting rescareli in this line. 

I’lie foreign universities have played a very im- 
portant part ill bringing about the eeonoinie prosjierity 
of their respeetive eouutries. The general publie^ the 
businessmen and the nianiifaetiirers have realized, in 
the various industrially advaneed eountries, that in 
sup2)orting great seienlific; resea reli laboratorii'S of 
universities and teehnieal seiiools they are really 
sustaining important eeiitres of work, whieh will im- 
prove prodiiets. abolish waste, ]iroinnle new iiiiliistries. 
preserve life and thus li<‘lp materially, in tlie long 
run, all those activities whi<*li make nations great. 
At the Massaehiiselts Institute of 'IVehnology, Cain- 
bridgi*, U.S.A., there is a Departimmt tif industrial 
(\) operation and lleseareh. The departineiil is iiiuler 
a dinrlor who is also a professor of applied eheinis- 
Iry at the institute. Tlu-re are also assistant directors 
and other statf. This department brings about 
effeelive eo operation between the industries and the 
Institute. It is through this department that arrange- 
ments are made for courses like the (/heniieal Kngiiu- 
ering Practice e-oiirse for iin]iarliiig instnietion for 
a few months in the factories wlu-re theoretical classes 
are hehl in the e vening anil the- prae tical training is 
given eliiriiig the day. lleseareh work is also earrual 
on in many ele'partmcnts at the sugge'stion of ineliis- 
trialists. Many rese-areli worke-rs are luriie'd out from 
the Iahoralori<*s of this Institiite eve-rv year aiiel these 
eventually oea’iipy positions of resjjenisihilily in indus- 
tries. Many wedl-kiiown scientists eeiiiiie'cte'el with 
iiiehisInVs, visit the Institute at times anil deliver 
lecture on various teipies. A large- numbe r of profe*s- 
sors arc eemsiilling ehe-misls and e*onsulting-engineers 
aiiel guide researe-li on apjdie'd se-ie-nees, the- <-ost of 
wiiieh is borne by the ineluslrie-s. A large- iiiimlH-r of 
graeluate-s and researchers find eiii])Ioyiiienl while ge t- 
ling training at the Institute-. 

It is high lime that the Indian unive-rsitie-s alsei 
shoulel elevelop a well-planne-d pedie-y of industrial 
research and invite the eo-oiM-ration of industrialists. 


To my mind all those universities which have deparl- 
ineiits of a])])lie‘el se-ieiu-es should evedve a tive'-yi-ars* 
plan for re-se-are-h suited to Iiieliaii iie-e-els. At the- same 
tiiiii- the-y shemld eirganize some- eh-jiarlme-iils of the- 
lyjH- existing at Massaelnise-lts Institute- e>f 're-e-hneileigy 
ill eo-eipe-ration with indiisi rialists. In Ami-rie-an 
universities inosL e»f the*, fellowships for tlie-se- spe-e-ial 
re-se-ari-he-s entitle- the holeh r of the- fellowship to a 
reinuneration of about Its ‘J.'iO per month; besides, 
some suitable grant is m;idi- to the- university for 
nie-e-ling tile- i-\pe-nses of thi‘ projec-t. In liielia also a 
re-search iellowship to the- value of about one- thousaiiel 
rupee-.s annually and the reiiiiisite- grant tei the- univer- 
sities for a pe-rioil of at least three years shoiilel he 
])roviih‘el by biisini-ssme-ii and indnstri.-disi s. Kae h uni- 
versity shenilil [ilaii tint the- re-se-arehes anil sponsor 
tht‘in with slrie-f re-tere-iiee* to the nei-els of the proviiie-e- 
or the eountry and iluplie-at ion should hi- .-ivoiele-d as 
far as possible-, 'riu-re shoulel .-ilso he ;in .-idviseiry 
e-omniilte-e-, allaehe-d to eae-h nnive-rsily eoiisisting 
of the vie-e‘-ehaiie-e‘IIor, the- he-ads id’ the- eleparliiie-iits 
of applieel si-iem-e-s ami some business magn.-ite-s. Jt 
should he- the- fuiietion of this commit te-i.- to dise-iiss 
all important jn-ohlems of iiiilnslrial nature ami e-halk 
out a definite- programme- e»f work after mature eh-li - 
he-ration. 'Ibis will re-meiNe- all suspie-ioii from the- 
iniiids of husine-ssmen anel bring about a he-altliie-r 
atnios]>he‘re- helwe-e-n universities anil industries. 'Mie 
ine-e-tings may be he-lel Iwie-e- a year and a stoe-ktaking 
may also be elone at that time in orde r to diseenirage 
aiiy slackne ss on the part of re si-areh wi»rkers. if any. 
It re-seare-Iies are! piirsiii-d ae-e-ording to senne- e-lialke-d- 
oul programme-, iniie-h work of industrial importaiie-e 
e-an he tiirne-el end whieh will help in the regeneration 
e»f the- e-omilry’s prospe rity and well being. 

Prae-tie-ally no basic industries exist in India, 'riu- 
following figures for the import of some of the impor- 
tant eles eh ^ he*Iow to 

show what iiiiluslries neeel immeeiiate- tackling: — 


Airnt'LKs 

(Jl ENTITY 

VALUK 

llleae-hing powde-r 


( in rupe-e-s). 

21 S,!).*; I rwls. 

I2,:{(i.!>;t() 

Soelium Carhonate- 

I,2s7,;rj|. „ 

ti7,15.();i5 

Caiislie Soila 

;d»;{,i.ss „ 

ll.Il'.Ol..*) 

('ainphor 

2,‘js;i,ir,|. Ihs. 

22,S.5,S2I. 

Sulphur 

ri()(),.s77 e-wts. 

ll).!)l.lS(i 

Sulphate of Ammonia 

t-I.()2!t tons. 


Aluminium 

dtt,r,l)|. ewis. 

IS,!I0.;1SI5 

ArtifU-ial silk 

15,!) 12,1151 Ihs. 

!)l,7!),5l;i 
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Hcsidcs the above arlieles of wliieli tlio import 
figures are liigb and wliieli can be inanufaetiircd out of 
raw materials available in India, there are a largi; 
number of other artieles, wliieb, tbougb imported in 
smaller quantilii's, are industrially important. Among 
this elass may by nieiilioned aeetie, oxalic*, and tartaric 
aeids, alum and aluminium sulphate, glyeerine^ 
magnesium eompounds, manganese eompounds includ- 
ing )H‘rmanganates, chromium eompounds including bi- 
chromates, sodium eompounds and sodium silicate, 
morphine derivatives, fertilizers containing jihospliates, 
lithophonc, barytes, starch, dextrine, etc. The maiiii- 
facluring costs of all these need w'orking out. 

(’austic soda is one of the most important raw 
materials for a great many industries, ^fany indus 
Irialists are thinking of starting caustic soda plants, 
but the trouble is that one usually dcpc'iids cut indy on 
foreign manufacturers for speedfieations of plants and 
supply of inacdiiiiery and equipment. Secondly, there 
is felt some difHc'ulty rc'garding- the utilization of the 
bye-product chlorine. If one were to start the smal- 
lest economic unit for the manufacture, of 
caustic soda, i.t*., 10 tons of caustic soda per 

day, tiutre would be produced si<le by side 18 
tons of bleaching powder, (5 tons of hydnxddorie acid 
and 2 tons of liquid chlorine. Of course, in place of 
blea<*hing powder, liydnuddoric acid and chlorine, some 
other j)roducts may be maiiufaetured out of chlorine 
and hydrogen gas, but tliere being a good demand for 
bleaching powder f»)r textile factories, the whole of 
this bleaching p»)wder may be used locally if the 
factory is started in llombay or its vicinity. However 
if it is not desired to muiiufacliire hydnuhloric acid, 
there will be a ]iroblein of utilization of hydrogen and 
the chlorine gas. 'I'he former may be. utilized for hy- 
drogenating eollon seed oil so abundant in the Moiubay 
presideiu'v, and the chlorine may be used f(»r chlorinat- 
ing Ih'Iizciu', which has to be obtained fn)m coal tar. 
'I'he chlorobenzeiu* will give us phemd, a very impor- 
tant product medicinally as well as industrially. 
Chlorine may also be used for water purification or 
for the maiiufaetiire of solvents like chloroform, etc. 
However, the economic and chemical engineering sides 
of the* problem have to be carefully worked out. 

Plu'iiol is list'd in the manufaetiire of bakelite and 
unless ]jlientd is cheaply available bakelite nianii- 


faetiirc cannot be undertaken. Of course, other 
synthetic resins can be manufactured without phenol, 
but in that case urea has to l>e obtained either by 
calcium carbide-cyanamide process or by some other 
cheaper method. It may lx* mentioned here that 
synthetic plastics can be iiianufacturcd from casein 
also, if milk is easily and cheaply available. 

One of the greatest troubles in starting any factory 
in India arises from lack of information regarding 
designing of plants for various industri(\s. The result 
is that a large amount of money has to be .sent abroad 
even for purchasing ordinary equipment which could 
lx* very easily and cheaply manufactured in India. 
I’liis tendency for getting even the ordinary equipment 
imported is partly rcsjionsible for the failure of many 
factories here. If any thing goes wrong with the im- 
ported equipment, we have to import tools and other 
things and thus our work suffers and the repairs are 
cxpcii-sivc. We cannot do anything in this line unless 
we have real departments of chemical engineering 
startctl in Indian universities. At present no cheiiiieal 
engineering is taught, no designing is done, and under 
the name of chemical engineering, a little of drawing, 
mechanical and electrical engineering is taught and 
hence the* whole training becomes practically useh*ss 
wlu'rc a knowledge of chemical engineering is required. 
If the departments of chemical engineering are or- 
g.Hiiized properly, stiuleiits could In*, trained in the 
design of small scale cominereial plant.s and the plants 
could be actually designed and experimented upon in 
the lalmralories for the manufacture of various pro- 
ducts. 1 know of factt)rics which have spent .several 
lakhs in purchasing e(|uipnieiit but I also know of 
engineers who have by their own const met ive skill 
brought into being the same etpiipinent and that too 
at oidy a fi.4elion of the cost. 

L'lilcss we develop departments of chemi(*al engi- 
neering whi're we can train jx'oplc for designing equip 
iiieiit for chemical industries to suit Indian needs and 
when* members of the staff also do designing w'ork 
tbciiiselves, it will be practically iiiqmssible to start 
many of tin* industries profitably. Wc shall have to 
im])ort c\]U‘rienc(‘d ch(*mii*al engineers from abroad to 
do the d(^sign for us here at a fabulous cost. In my 
enquiries from various concerns in many countries in 
Europe and America I learnt that most of the equip- 
m«*nl with the e\cc])tion of some special or patented 
apparatus has been designed and prepared b}' the pro- 
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motin^ I'oiU'ortKS Ihrinst lve.s to suit individuaj lueiKs. 
Tilt! maiiufactiirc of sj^'iithctk* ammonia requires no 
raw iiinlerials brsiik'S coal, air ami wator but I ho wbiile 
quoslioii is of tlic ik‘.si;i;ii of apparatus roquirin^ I^oimI 
kiiowlodgo of c‘ht‘iiiic*al (I'^inrorin^. Of cotirso, somo 
jiart of lilt* apparatus miisl bo iuipi'r^oil but part of ilio 
apparatus c'aii be maiiufaetiircd here. Then is the 
question of sulpliiirie aeiii for eonvertin^ ammonia into 
aiiimoiiium sulpiiale. India has no sulphur deposits 
and all the sulphurie aeid is manufaeture'i from im- 
ported sulphur. This is a problem re(}u:rin^ a lot 
of laboratory and larfr*>-s( ale research, since India 
abounds in f^ypsuin wdiieii can be iitilixed for sup- 
plying us with sulphurie acid as well as for directly 
converting ammonia into ainmoniuin sulphate. Jf wt* 
are able to convert eaha'iim sulphate into sulphuric 
acid, it is likely that we may get pure ealeium oxide 
which is essential for the inaniifaeliire of ealeium 
carbide. 

I hav(* shown alxive that eamiihor to the value or 
about twenty Ihre** lakhs is imported every year. 'I’lie 
irniled Proviius-s have got the turpentine industry. It 
may perlnqis be made immensely more rc'inimeralive if 
synlhetie eauqihor is inanufaeUired out of liirpenline. 
The same may be said about the extraction of alumi- 
nium from bauxite. There are de])ONits of g<iod (piality 
bauxite in Hihar, Central provinees, Hombay Presi- 
dency and elsewlnu'c and the aluminium industry has 
iM'conie so important in national economy Hiat there 
.should be no delay in working out the details of this 
industry and organi/ing the production of aiuminiiim. 

('aleiitta is a big eeiitriT <»f production of vhhana 
from milk. Maiinds of water containing milk sugar 
are thrown away every day. It re<|uin*s only organi- 
zation and then C'aleuita can easily bceoinc the <*cnlre 
for manufacturing lactose and the waste can thus 
be turned to real u.sc. Here the scieiititic brain and 


busine.ss sen.se must eo-operale. The same thing can 
he said of the. soap industry. The bye-produel of 
soap industry, glycerine, is not recovered in India at 
all and this aeeounis partly for the high price of 
Indian soaps. If a central organization could lake up 
this problem and collc» t all the waste lyi* and recover 
glycerine, a large amount of money etudd be sav«*d 
and a \ery valuabh* product, re(|uired for the defence 
of th(‘ country as well, ei>ulil lu' obtained. Of eour.se, 
glyeerim- can be manufaetiiri-d by fermeiitation 
mt‘thods ;d.so and this slioidd also be worked up to 
supplement tin* re(|niri‘menls id' the did'eiiee of the 
eoiiiitry. 

1 may just mention here that we should take in 
onr hands also the growing of lemons for the extrac- 
tion of citric acid and at the same lime work out bio- 
(‘hemh'al methods for producing the same. 'I'lit* bio- 
chemical industries are hardly known in India at all, 
aiul many valuable products which eiiuld be easily 
maiiiifaeliired here an* imported every year. 

The eo-o])t‘ration of inthisi rialisls and Indian 
universilit's is of vital importance to the eeonomie 
jirosperily of the eonniry and that there are a larg»‘ 
number of problems reipiiring .solution must be ap 
parent from what I have writltui above in a rather 
.sketchy manner. 'I’o suit Indian conditions and to 
etieourag(‘ efiieienc-y ai'd bring about India's regenera- 
tion, attempts should be rnade I.) inten si fndiistrialists 
in the universities so that research fellowships way 
be endowed at the universities and industrial research 
earrietl <in s\ .st<miatieMlly aceordiiiL' to some precon- 
ceived plan. The d«’p.-ii Iments of appl'id .seieiu't's 
sliouhl be reorgani '.e i to mate the Ira-- n.g more, suited 
ill the universities so that research fellowships may 
research slioiild be ba.scil on a five vi'ar i>!.*-n. Du]>li- 
eation of work in llu- sist.r mli\er^ilies should be 
avoided and each university should specialize in .some- 
lines suited to the n.-etls of the local it v. 
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Low-Tcmpcrtitcirc Tcir ciiicl Liquid Pud 


Kciiuii l.ul Koy 

Uhu.^c Kcsfurr I Scliular in Applied Cheinidtiy. ('uleulLa Univeraity. 

'PIm* ^TiU'i'alioii nf piiwiT in stationary riif^inos 
oUVrs no diflirultifs in roal-pnidiirin^ count rira. IL is 
always possible to burn coal under boib'rs and raise 
steam for power purposes, or to gasify it and to use* 
tile ^as as a iiealin^ or motive a^i-nt. 

Limitalions in weight and space, both as regards 
ciif^incs and (piality of fuel rccpiircd, iidliicticc the 
•i;cneration of energy for transport ]mrposes, as on 
board ship, in motor vehicles or aircraft. So lon^ as 
e!.'.‘etrieal ener;>'y in lari>'e bulk eaiiiiot be earritsl more 
etrieieiilly than |)reseiit-day aeeuinulalors permit, we 
shall be restrieleil to the use of liipiid finds of rela 
lively hit'll potential em'r^y for iiuilor propulsion. 
High ealorilie value, small space oeeiipied, freeiloin 
from im'ombiisiible constituents and many otluT advan* 
laf^es render liipiid find indispeiisible for motor 
purposes. 

Aircraft, motor ears and small boats call for low- 
boilin^% (‘omnn'reial vehiides and lar^re ships for higli- 
boiliiig liipiid finds, ddie choice of find is determiin'd 
by (piestions of tire hazard, type and sp<'e»l of engine, 
tin* available sjiace and permissible weight in the 
vtdiieles, and other eoiisideratioMs. Sea-going vesseds 
are not lihely to be run on petnd, even at very low 
petrol prices, but on oils of higher boiling range on 
aeeouiiL of the smaller fire and explosion risk, hi 
aircraft, on the otln-r hand, motor-find of very low 
boiling points and high calorific value must be used, 
as only these are suitable for light, liigh-sp«-e<l engines, 
ll is, therefore, not likely that either now or in future 
a standard liipiid fuel will be used, bill different 
types will be re(|uired for dilfereiil piirjioses. 

'Pin* ])rineipal sources of litpiid fuels are pidroleiim 
and the gasoliin* fre()uently present in natural gas. 
'Phe latter and the low boiling fractions of pidroleiim 
oil, petrol or benzine, are the motor-spirit of eom- 
nieree. d'o these must be added the “ cracked ” spirit 
made by thermal decomposition of higher-boiling 


petroleum fractions, jirodiieed particularly in America 
on a very large .st-ale. 

'Pile rapiil development of motor trnnsporl makes 
(‘onntries not producing petroleum in more than 
negligible cpiantities ilepend on the im])ortalion from 
abroad, but shortage of crude oil, even in llie most 
favourably situated countries such as the United Statics 
of America, is becoming more and more acute. 
Kstimates of the oil left in the oil- fields of the United 
Statt's indicate that they will barely last 20 years at 
present rale of eonsiimptioii. 'Phe world’s oil pro- 
duction has experienced a tri'ineiidous di velopmeiit 
during the present eenliiry ami has reached one tenth 
that of coal mini's, amounting to about 120 million tons 
of oil as compared with 1200 million tons of coal. 

'Phe great advantage inhereiil in the possession 
of liquid fuel for the eeonomie and political superiority 
of any eoimlry has led to keen competition for the 
control of oil deposits of tlu* world. It is to be 
ex])eeted that the vietors in this struggle for oil are 
i\ .1 likely to give up to other countries more than 
the sui*))liis over their own re(|uiremenls. 'Phese other 
countries are forced to seek means by which subsi it cites 
can be found for jielroleum. 

For this reason seieiiee and industry have begun 
seriously to study the ])ossibilities of a discovery of 
new kinds of liipiid fuels, and to work out suitable 
ehemieal methods to this end. 

'Phe first work on the production of li(|uid fuel was 
done by llerthelot (/inli., liSli*), |2|, 11, 278; ./mm. 
Cliim., 1870, [I'l, JO, 52(i). lie. sueeeeiled in 

converting natural coal into oil liy hydrogenatiun. 
Kor Ibis jmrpose he treated coal with about 100 parts 
of saturated hydroiodic acid at 270*^0 for about 2*1 
hours and obtained licpiid products amounting to 00% 
of the weight of coal. 'Phe liquid was then subjected 
to tw'o serit's of fractional distillation and he isolated 
a small quantity of he.\'aiic, boiling at about 70^ (k 
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AflcT llu‘. licxaiic .several liyilroearl»oiis eame over 
wiiieli .showejl Iho j^eiieral properties of .saturated 
liydroearhons. The mixture was to«) eomple.\' to admit 
of a<‘eiirat»* separation. iVpart fnmi eoal, Hertlielot 
also took wood and eiiareoal and siieeeeded in fire- 
paring Ii<|uid prodiiets rieh iti saturated liydn»earhons. 
'J'lie experiments of Ih rthelot were extended by a 
lar^e nimdier of workers, till at last, lier^'iiis niadt* 
it an industrial siieeess by the hydrogenation of eoal 
or otlier .solid earbonaeeoiis material of ve.u;etable 
origin at hijrh hydrogen pressure. (ller^iiis, Hrit. 
Pal. No. of Isl Au^riist lltll). 

Other attempts for the prodiU'tion of li(|iiid fuel 
are, the eatalytie experiments with earbon inotioxide 
and hytlrof^eii under jiressure. In Frivtllandrrs Forl- 
srhrittr dcr Tn-rfarlirnfahrikalhn ( , Stm, *101), 
patents of tiie Madisehe Aiiiliii-und Soda-Fabrik are 
r(‘(‘orded showin^i; that the produetioii of licpiid hydro- 
earbons and tlii'ir derivatives «’an be elTeeted by .sub- 
mitting; earbon monoxide and hydrogen to a eoiilael 
firoeess under pressun*. Tin* patents emphasize the 
fa<‘l that mainly licjiuM liydroearhons are fornit'd, flu*, 
eoritael siibstanees bein^ pure aslx-stos impre,i;;nated 
with pure cobalt oxide or osmium oxide together with 
a little eaiistie .soda, (ieiierally a pressure from 100 
to lliO atmospheres and tiinperatures varying from 
.‘lOO^t- to 1'20^TJ are reipiinal in the experiment. 

'I’he decomposition of inetallie I’arbides by water 
and .sub.se<|ueiit eopideiisaf ion and polyiiierixation of 
gaseous products into various solid and liifuid hydro- 
earhons is another attempt at i>'ettiii^ li({uid fuel from 
I'oal. 'rile brilliant works of Nov;ik (/. Pliifs. ('firm. 

r>i;i, 1010), Kiehard Mayer {flrr. J,ri, KiOO, lOPJ), 
Sabatier i^CaUdifsis in iinfanir ('hrmistri/ ;jo;i), 

H. P. Kaiifiiiann (.Inn. '/f 7, 101 S). and N. 

/elinsky (Cinnt. rrnd., I1'7, .SS2, 10*J.‘l; /iVr.. 

2iil«, 1021*), ill this line explain the possihilif ies of 
the formation of liipiid fuel from earhides, altlioiif^h 
no larfi[e.seale experiineiits have as yet been made by 
them. In his work N. /elinsky has shown that the 
polymerization of acetylene to benzene take.s place 
with a miieli belter yield, if the acetylene absorbed 
by activated earbon, is expo.sed to a tem|)eratun‘ of 
alnuit <i00‘-’('. He siieeeeiled in obtaining; 70-7 !< per 
ecjil by weight of the acetylene as a lif»hl tar, half 


of which boiled below I50'^(' and eoiitained about 
of ])iire btnzeiie. 'riie. hi^h-boilin^ fractions 
contain tidiiene, xylene, styrene, indeiie, napthaleiie, 
fluoreiie and anthraeeiK'. One hundred j)arts of a«‘ety • 
leiie tar yielded tin- fractions; .)0“C', 

1.50'^-‘>.50^ ('. 1 |. ; above !>.'i0"(', residue, \2 

)>er cent. Ttie amoiuit of liipiid motor fuel would 
be .'50" . of the weight of lar or about K)' ,, of the 
weijiht of aeetyhiie. 

Oiu‘ of the new possibilities for tin* proiluetion 
of tiqiiid fuel on a laru'e se;ile is low leiiiperatiire 
carbonization particularly of hituiiiiiious eoal. When 
eoal is siibjeeted to destriieli\e distillation at tempera- 
tures loo' t«t .^OO'C; it yields a lar. which mainly 
consists of aliphatic hydrocarbons and Itius ditfers 
from ordinary «:aswork or eokt* oven lar. as was first 
shown by Pornsteiii (./. (iashrlruclit., i)*J7, lilS. 007, 
l!)0(i). 'rile suhsi‘i|uent works of h'iseluT, (iluiid, 
Hro(‘he, Prank, Arnold and Pni>'ler show that the 
hydrocarbons of primary lar are more closely related 
to petroleum than to coke o\en tar. and particularly 
to oils which are na]ithenie in (‘haraeter. The mixture 
of liydroearhons in primary tar is optically ai’live, as 
PisehtT has estahlisiuai in eollahoration with (iluiid 
(/>V/*., /iff. It, I.*)I7). Optical activity has .so far 
been found only in pelndeiim hut not in eoal tar. 

In order to prodiua* oil by carbonization of eoal, 
it is necessary to reach the det'omposilion temperaturi* 
( lOO^’-oOO'T' ) of all the const itueiils capable of form- 
ing; oils. It is ad\ anla^ioiis not to raise the ti'intiera- 
tiire beyond that absoliihdy reijiiired, so as to avoid 
any secondary siiperhe;il in^ of the oil vapours, and 
e\eii to cool the vapours as rapidly as possible to 
temperatures ludow' .'tOO'C. Prtdon^'ed iMS'din;; to 
higher temper;itures would lead to I lie decomposition 
of vtdatile eonstitiieiits with formation of ^as and a 
eon.s('(|ueiit diminution of the tar yield. 'The crude 
product id' distill.’itioii eoiitainiiiir the oil is called pri- 
mary lar (‘f’r/eer’). 

'I'ln* teehniipie of low-teiiipi-rature carbonization 
has madi’ eonsidc-rable pro^Vi’* i" recent years parti- 
cularly in (ireat Mritain. I'or the process id’ low 
tt'inperaturi* earhonizatioii, as it is understood to day, 
there is little doubt that credit must be _i>'iveu to Mr '1'. 
Parker, of “Coalite” fame. I*arker's first patent was 
granted in ISPO, but his prineijial patents for the 
process were taken out in IJ)()d. Pidlowini;; Mr Parker, 
Ifiehards and Prinj^le, 'J'ozer, .Mary hill, Del Monte 
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and ('liiswik, Mai'liiriii, mid others painiU'd various 
designs of retorts for siieeessful earboiiiKation at low 
temperature. At the hf‘Kiniiiiif< all the workers were 
a'liiiti.u; at the prodiietion of suitable smokeless fuel. 
I.ater on the seieiilifie iiivestifratioiis of lar from re- 
torts jiroved it to he a very j^ood liquid fuel. 

The produel ion of low temperature tar from 
Indian eoal and its seieiitihe invest i^^atioiis have al- 
ready been taken up in the .\p])lied C’liemistry De- 
partment of the ('aleiilla rniversily. It has been 
found that tar varyiiij^ from 10 to IS f^allons per ton 
of eoal eould he realised depi'iidin^ on tin* nature 
of eoal. Siuh a tar has a ealoritie value of alauit 
l.'iOOO H.TIi.l'. ])er pound and ean he direelly used 
ns liquid fuel in j^lass furnaee or in Imiler heating 
with eompressed air. Hut as these tars eontaiii suffi- 
eienl phenolie bodies, tlu'V eaiinol be direelly used 
in erude oil engines without preliminary separation. 
'I’his working up of jiriiiiary lar by distillation, al- 
though it involves e.vpeiitliture at. the. beginning, pays 
in the long run beeau.se its bye jiroduets, motor-.spiril, 
motor-oil, erude-oil, lubriealing oil, earbolie and 
eresylie aeids, ])yridine bases, «‘te., are all valuable sub- 
.stanees. Tluvse tars eontaiii very little pileh and 
about SO tier e«*nl of oil distils over at ;i(iO°C\ If 
the residue is further distilleil at still higher tempera- 
ture another 5-8 per eeiil of viseous oil resembling 
pel roleuiii-jelly ean be reeovered. 

'rile following is a typical example of the working 
up of average lar from second class coals {Puhlicallon 
of ln<ri(in Cool (Irad'nuf Hoard for ClaimilicatioH of 
Coais, iSl'Jil): This eoal (from .Iharia Coal lield) 
gave 10 gallons of lar pc‘r ton. 

Specific (Iravity of lar 1.08. 

1 k.'i litres of lar wi're taken for working. 'I’lie 
dilVereiit fractions according to their boiling ranges 
are given below: 

I.ighl Oil or .Motor Spirit (b.|).-l’p to 170®(\). . . . 
700 I'c. ie, by vol. of the tar. 

.Middle Oil (h.p.-170^^!*;i0‘'(’.) 

ie, M ,, 

(Vei)sole Oil ( b.p.-2.*10"- 270'^f ’ ) 

2i;i0 ee. ie, II'- 

Heavy Oil (b.p.‘J70'^;H»0^'(* ) 

5800 ee. ie, SSy,, 


'riie middle and creosote oils when further worked 
up for the .separation of acid and basic constituents 
gave:— 

Phenolic l)0(li(\s 

liiilO ce. ic, l l'/o j> » M »» 

Jlasie Inidies 

..... 100 ce. ic, 0.0 ,, ,, ,, ff 

'Phe jdienolic bodies consist mostly of homologiurs 
of phenol and therefore they ean be used as good an- 
tiseptics and disinfectants. The middle and creosote 
oils after proper separation of aeid and basic bodies 
can be used as motor-oil, because their specific gravities 
arc less than that of water. The heavy oil fraction 
after separating paraffin waxes can be used in heavy 
erude-oil engines. It can also be used ns a lubricant. 

Then; is no doubt about the suitability of these oils 
ill internal combustion engines, as Hiiiis.ser {Her. Gas. 
Kohlentrchnik, 205, 11)23.) has thoroughly tested 
the* low lemperalure tar oils obtained from eoal of 
the Ruhr district (Fiir.st Hardenberg (.’olliery) ns fuel 
for tilt* internal eombiistion engines and certified that 
the behaviour of the liquid fuel in the engine was 
salisfaelory. 

Unlike petrol, eoal mines are more uniformly dis- 
tributed throughout the world. So every country, be- 
fore using its eoal for domestic or otluT ht'aling 
purposes, «*an treat eoal at temperatures between 
•I•50^-500‘^C to extract all the* liquid fuel from it. In 
this way every eoiinlry can be indejn'ndenl of her 
liquid fuel. 'Phe coke so obtained is called semi- 
eoke, which still contains over 10 ])er cent volatile 
mailer and practically all the nitrogen of the. eoal 
and hydrogen compounds deeomposahle at higher 
temperature (Conversion of Coal into Oil by Dr 
Franz Fi.seher, page 25). This semi-eoke if further 
distilled at a higher temperaturt* will give, about 
(JOOO 7000cft. of gas and 20-25 pounds of ammonium 
sulphate per ton of coke, and the residue in the retort 
w’ill be ])crfeetly smokeless fuel. 

'Phi* crude methods of stuck-biirning that are prac- 
lis<!d in our country by the coal mine owners for the 
maiiufaeturc of soft coke is undoubtedly a wast(;ful 
practice. Kvery ton of coal burnt in such stacks 
means the loss of about 10 gallons of liquid potential 
fuel. Now-a-days in our eountry about one million 
tons of eoal are burnt for the manufacture of .soft coke 
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(Rfjiort of the Indian Soft-Coke Ce«s Committee), that 
is, we loose about ten million gallons of lif[iiHl fuel. 
On the other hand we buy about K0-!)0 million gallons 
of petroleum oil (ineluding motor spirit, erode oil. 


lubrieating oil, ete.) every year. All these points must 
Im‘ thoroughly gone into and eriiized and a healthy eo- 
operalion wilh the eapilalists and the seientisls of 
tlie <‘ounlry should be established, in order to develop 
su(‘h a promising, lucrative and basie industry in our 
count ry. 


INDUSTRIAL DEVELOPMENT IN INDIA 

{ t oNfittHcd from p. .Vi 1 ) 

theins(‘lv(\s would get. to know one anotluM* :iiul might 


ideas and (»piiiioiiK between indnstrialists on th(‘ one 
hand and the siMentitie. departnuMits of tin* niiiv<*r- 
sities on the other, mere altei-atioiis in study e<»nrses 
wonhl not go a long way. It was snggesleil, th(‘refore, 
that a bnr(*an, like tin* om* nn'iitioned above, might 
be formed with the (l(*elare«l obj<*el. of bringing abmit 
elleetive eontaet and eo-operation among (1) the 
university authorities and seieiiee departments, (*J) 
the industrial organi/ati<iiis and iiidnslnalists, (:t) 
tin* (jiov(‘riiment <l(‘parlm(‘n(s eoiie<*riied, and (t) 
trained young sei<*nti.sts. Sneh a body, if set up, 
would be ns(*rnl in vari<uis ways. It would abolish 
that state of isolation whieli, unfortunately, exists to 
a gn*at degr(*<* betwei*n universities and industrial 
organi/ations. It would makt* the university depart- 
ments r(*spoiisive t«) tin* uee<ls <d' in<lustrh*s, thus 
introdin'iiig a greater sense of reality into the teach- 
ing and n*sc‘aivh carried out at tin* universities and 
stimulating them to In* of mon* direct so<*ial In'iielit. 
It would gradually eonvinee industrialists about tin* 
seieiitilie, help that univ<*rsities are eai>able of n*n- 
deriiig to industry and perha|)s eonvine<' them sufli- 
eiently to iiidma* them to establish scholarships and 
stipends and make research grants to the university 
departments eoiiceriied. It would act as a reference 
body and a pooling c(‘ntre of information and would 
indicate the directions in which industrial develop- 
ment is urgent ainl f<*asible and thus help the crea- 
tion of new indiistri(*s and (*xpansion of tin* old with 
conse(|uent employment of trained university nn*n 
in these industries. 8m*h young men w«nild be 
brought into touch with industrialists ami, <*v<*n when* 
largescale Industrie's canin)t be* fornn*d, lhe*y might 
be individually eniph)ye>el by industrialists feir small 
industries of special types. Tlu?sej traiiKHl men 


feirm tln*ir e»wn organizations with tin* help e>f semie 
<*apitalist, whose* e‘oniide*in‘e* they might se'e*ure. 
(N)nsultatiou with the* ( iove*rmin*nt di‘paitme*nts e*on- 
<a*rne*el would le*nd tei e*limiiiate unnecessary eve*rlap- 
ping of w«»rk ami premiole co-operation. The* 
(iove>rnnn*nts woidd also, thnaigh sui*h an authorita- 
tive* e»rgaiiizatie>n, be* appriseel of tin* varie*el ni*e*ds eif 
ineliistry both in se*i(*ntilie* and e*oimin‘rcial aspe*e*t.s 
aiiel be* made* re'spemsive* to the>m. liieh'eMl, ce*rtain 
indiistrie*s may be* take*n u|) by the* (joveu’iiments 
the»mselves, if e*eaisid(*reMl suitable*. 

Tlu're are* iiielie'atie>ns that things are* alre*ady 
moving in this dire'e'tiem. The* rnive*rsity e»f ('ale*utta, 
uiieh'r the* (*emstrue*live h*ade*rship e»f its Vie*e-(’han- 
e*e*lle»r, Mr Syamaprasad Me»e»ke*rje‘e*, has re*e*<*nlly 
se*cure*el contae*t with the* ( 'hambe*rs e)f ( 'einime*rcc* 
aiiel aele>pte‘d a se*he*me* whe*re*by se*ie*iie*e* ainl ce>ni- 
nie*re*e* graeluale*s eef the* I ’iiive-r^iity may ree*e‘ive* jirae*- 
tie*al training at faete)rie*s ami e'omim*re‘ia! linns. 
This is cah'ulate'd tee e*e|nip the*m feu* subse'epient 
e*mpleeyme*nt in suitable* inehislrie*s ami linns. The*re‘ 
is lie) eloiibt that the* prae-tie'al be>iit that is so iK*e‘e‘s- 
.sary in ae*tual life* e*an be ae*e|iiire*el emiy by intimate 
e*e)ntae*t with live* fae*teirie*s ami e‘e)mme*re'ial eirganiz- 
atieiii.s. We Inipe that e)the*r miive*rsitie*s will folleiw 
the e.xample eif the* ('ale*utta Tnive'rsity and thus 
stimulate* e*mphiyment to the* bi'in'tit of all e'e)iie*e*rne*d. 
( \)n.side‘ring the* appalling iiicre*ase* in iim*mple)yim*nt 
and in the* pre*ssure* ein agrie*iilture* no time* should be* 
le).st in trying tei bring about the* e*sse‘ntial e*e>ntae*ts 
we* have re*ferreel tei abeive* Ibr the^ stimulatieen eif 
imliistry and the* re'storatiem eif a he*althy balain*e* 
be*twe*eu industry ami agriculture*, eeii which alone; a 
prosperems national e*com)my can be* base*d. 
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Surface Wave in Radio Propagation 

prohN'iii of the <l(‘(cniiiii:ainii nf liel<| s(reii‘;f li 
(Inc tn :i verticil enrlheil :iiitenii;i is nC (>\lrciii(; 
|)r:i(‘ti(‘al iiiipnrtniicc to the rHlio eiij^iiieers. It nll'ers 
Mil eMsy snliitinii if llie e:irlh is ciiiisiilrTed ms i1 it mikI 
perfectly ciumIik*! iii;r. In fnet, IlcrI/.'s cImssIcmI 
snliitinii of the Held ^ll■en^lh din' til Mil electric (hnib- 
let ns<*illMliii^ ill free .‘spMce is en^ily MpplicMbIc 
without Miiy niodiilcMtioii. In Mctinl pmctice, how- 
ever, IIm* eMith i.-^ f;ir fr«»in heinjj; perfectly condn<*l- 
iiiy[ Mild fiirtlcr, its dielectric con.^tMiit dilVers from 
tliMt id' the nt iiio'iphere ;d)ove the siirfMiM*. In >nch 
CMses tin* proldeiii of tindiiiy; ont the licdd ^treiiirth ol 
tin* dolllilet l>(*eoine'< evlreliielv coiii|ili(‘ated. l'h<‘ 
MiiMlysis, though iliHicnlt. has howev<*r I)<‘en made by 
Soiiiiiierbdd ill which he has found that the interfMcc* 
of the two media --the earth and the Mtinosphere, /. r., 
the snrfMci* (d* the y;ronnd is tin* s(‘Mt of the so cMlIcd 
snrfMce waves. Previous to this tin* existein‘(* of 
the snrfaee waves was also sn;i:‘j:est<*d by /eiitieck. 

Similar problems, naiiicly the pro[)a^atioii of wave* 
from an oseillatinix dmiblct situated in‘Mr the inter- 
face of two media, have bi'cii stndi<*d by W'eyl and 
by van dcr l*ol and Nies>cn. In spite of certain 
discrepa'n*ies tln•s^^ calculations, till re<*eiitly, wen* 
considered to ay:r»M' with Sommerfehrs solution. In 
Ih.’lt) Kolf extended Somiiierb'hrs curves for the 
variation of the ti<‘id with distaina* ; these curves, 
except, for minor critici.-.nis, wen* alsn ac(*epted as 
correct. 

Some tinn* aiio, however, in a paper in tin* Pro 
nrtlniifs o/' Hir- Inslihifv. nf PniUn Kittjinvtii's (l^/, 
p. llhir, I'.tdti) Norton i|in‘stioned the correctness 
ol Sommerb'hrs sidutiou. 1 le derived an empirit'al 
iormnia which dill'ers from Sommerfehrs eipiation 
blit which is in closer a^nMaiieiit with N\'eyrs and 
with van der Vo\ and Nic'^sen’s formulas. In fact, the 
disagr(*emeiit i.-^ ol the some nature as the discre- 


pancies mentioin‘d abovi* and it. is shown that tin* 
latter formulas dilTer from Sommerfehrs by the 
t(*rm expressiiif^ the streny;lh id' the surface wave. 

To solve this mathematical anibi^nity Harrows 
iPfor. I. /*. hj., 1^.7, I It, l!)d7) has r(*cently attempt- 
(*d to decide the in itter by expi*rimental investi- 
gation. Tin* two formulas, S.immerfehrs and Xor- 
toii’.s, preilict lield strengths that ditl'er enormously 
for short w.ivf* propagation over fresh water. Aecord- 
inijjly Ihirrows measured the liehl streiiirth of a 
shortwave tiMii-*niilter oVi*r ■h*ep wiler (lake 
SeneiM, and found that his results aj^reed, 

(dos(‘ly to the forniiila of Norton. 

'riiis airrcemeiit of the analysis of Norton with 
tin* experiiiK'iilal results of Ihirrows has thus raised 
consider.-ible doubt< rey^ardine; the existence of 
/eiincck-Sominerfeld surface waves. 

I\. K. linij. 

Tile Source of Vitamin D in Summer Milk 

It is well known and generally accept(*d that 
vitamin 1) content of cow’^ milk is subject to sea-:on:d 
variation, and that it is hi^h(*r in summer than in 
winter. Sane workers were of opinion that the 
increase observed in summer is din* to the properties 
of the Slimmer pasture compared with those of foods 
used in winter, while other work(‘rs opined that the 
direct action <d' t he snii on tin* (‘ow dnrin;' siimmer 
is respim«‘ii>le for this incri*as(*. ( \)n.seipn‘nt ly, no 
ay:rf*emeiit has so far been reached as to the exact 
c.ins(* of this din'er(*nce. (\nnpion, Henry, Kon and 
Mackintosh (liiorltcin. -/., .V/, SI, ltK>7) now look 
lip the invest illation on tin* subject to d(*eid(* whether 
it is food or tin; sun or a (*ombination <d' both the 
fai'torslhat is r(*.sponsible for this ditlerein'e. They 
used eiijht Shorthorn cows for their e\p(*riment 
wliieh was carried ont dnrinij: May and .Inin* when 
the actinic activity of tin* snn is hij^h and grass is 
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pIcMitifiil tluTc*. Tli(» cows were divided into four 
jrrnnps, oneli y:roii|» eniit:iii)ii)}j: twi> <*nws. In jrronp 
1, t he <*<»ws were k(‘pl under housing niid IVodinjr 
eonditions. In jjronp 2, th«*y were k(‘p!- under winter 
iVfMlin^ (‘nnditinii but (‘xposed to the snnnner siin. In 
^rnnp d, the eows wen* k(*pt inuler nornnd siiiniiH*!* 
eonditions. In jrronp 4, they wen* k(‘pl under snni- 
iner b'ediii^ eonditinii but not expnsed to tin* snn. 
Ihitter ehnrni*<l I'roin the pooled milk of e:i<*h y:ronp 
ol' eows wjis then t(*sted by nit fiM'iiiny; r^xperiments. 
h'roni tile results of their experiments they eoiu'lmh* 
that it. is the snn alone that is responsible l‘or the 
inen‘as(* in tin* vitamin I) poteiiey of the milk whif‘h 
takes phiee in the snmm(‘r. 'I'Ik* pasture has nothing 
to do with it. 

//. A' //. 

Sinanthropus Pekinensis 

In Xulttrn (Kebniary lo, llKiT) Dr Weuleiireieh 
has aiinonneed the diseovery ot three additimiak 
more or less well-pn'served skulls of the Sntnn- 
Ihrnjfus prlinviisis type Iroiii < 1ioukouii(*ii. All 
tin* tliree skulls belong to adult individuals. 'I'lie 
skull recovered first is the larjrest of all Snmn- 
fftrojins skulls Ibiiml hitherto. It allows a cranial 
I'apaeity of approximately rJtMl «•. e. and tin* coro- 
nal and tin* sajrittal sutures have* partly fused. 
44ie skull is missiiiiir in many parts ; the rij^lit 
temporal only is iireseiit. 44n* s'eoml skulk the 
smallest of the jfi'oup, possesses a cranial eapa«*ity 
not hinlier than Hint) e. e. and its ooronak say:ittak 
and lambdoid sutures have all liised, thoim'h the 
m(‘topie suture is clearly present. Ihith the tem- 
porals arc present, but a jiri'at portion »>l the 
supraorbital is brttkcMi. Dousideriiio; the other 
ehanu'teristies it appears that the skull beloiiirs 
to an adult femah*. 'fhe third ''kull is smaller 
than the first but larger than the s<‘foiid. 'riiis 
skull is the most <*oiiiph‘te one ; tin* entire oeei- 
pital bone with tin* posterior border of the fora- 
nien majpiuin is preservi-d. 'riu* nVht temporal 
is missinj^. "riie cranial capacity is approximately 
I lot) c. c. and the skull belongs to an adult youn>r 
individual. All skidls possess a lar^e 


■iml usiimll fyi)(. of Dr is of 

opinion till. Iin-i'cr ||.(.||| Ix-lonyr to limit, in- 

<livi.limls i„ul t|„. sniall.-r It. ft.iimli.s. Tliis 

liiis Iilso I),.,. II (.011(11.1111.11 Iiy Ilii.ir n.s|M.t.tiv(. pii.- 

si-nc. ill tlio li|...( nii.l III,, siviills iI..s,.rilM.,| 

'■s..,.|i(i..,| of til,. 

.-knil ,.„i„p:,r,.,I will, (lm( of 
.\,..n„li„lli:il. j, 

„..,.„|,i,.s (|„. |,„v...( j„ 

of all lioniiiiuls in ,.,.:r:n.,l (,. ,|„. ,„.,.„|m,.ili..s 

(l,.t,.|.,ni„i„ir its posilioi, i„ ,1„. 

'I’InV is I,.,,,, of tl,.. s,...,„„| .kiill (I.,,,,,, I,.) 

I/k- lir...( falls williin ll„. ,a„ir,. of varialions „f 

111.. \..a,„la,-(l,al ftninp. Tl,.. f..,„al,. skull is 

<.v,.l,i,lly low,.,. Ilian 1|„. I'ill,.r.mll,n,ims ■, it sl,„ws 
a III.,,.,. I IVontal Inl,..,. wliil,. in /•////,'- 

Hu is ||:.(t,.,„.,|. 'I'liis 

.si,iall,„.ss aii.l lowin.-ss is n niarkalily j,, 

111.. skull ll•alrnl,.nls l•..,•o\ , .,•,., | kist snnnn,.|. wln,.|i 

1.. .|onjrs to an a, lull in.livi.lnal. Tl„. ,li„„.,.sio„s 

ol tl,..s,. skull frairnn.iils ar,. s(il| sniall,.,. (Imii III,. 
l•,•s|M.,.|i^,. Paris of (I,.. f,.„,al,. skull of (|„. pros,. „t 
s,.ii..s an, I III,. I>ill„r„„ll,r<,,m^. I,, vi..w of ll„. 

alw,.iu... of any app|.....ial.l.. ,liir,.,...|„... l,,.|w,.,.n 
I'illiniiiillirniws an,l Shimillirnpiis, s,, far as lli,. 

‘""1 lown.ss ofi),,, skull ar,. ,.o„- 

,.,.ni,.tl il is prolialil,. Ilial lli,. 

Im.Ioiiits Io a f,.nial,. s..x. a pn.lialiilily also jioinl,.,! 
by Diibnis ami Ilrdlieka. 

Dr Weidf'ureieli has aUo been abh* to sh.»w 
some close ciUiin*\ioi; belwr.-u Sininilhmpns and 
«-crtaiii H:ri»ups of (he Mun.rol ra<-«-. 'I'lie prespiice 
of ‘tnriis maiidibiilari.^' mi tin- iiim-r siih nf di,. 
iii:iiidil)le o| Millie jaws ;iiid the 

I>kiiuos and the Lapps and ihi> >liovel shaped 
medial and lateral upper im-isin-. in Sinniilhmims 
:iiid in some mi•deni MmiLinU imlii-ale M»me dirt>et 
relationship with the IN-kiui:’ man. 'fhe author 
is imt. yet bold eiiitiiiih In enrri-late the broad 
and Mat im^e of Sinntffl/ropH'i. A ■'pecial relation- 
ship eaii, of i-niirse, ho a'^x.iiiin-d in tin- presem-i* 
of the “inea-hom*” wliieh L fniiiid aiiiniii*; the 
Mollirols up to T.S'r. All the ihreo skulls t»f the 
presi'ut series show a lar«j;e im-a bnin-. 

'L'hat tin* nthrrnufhrnpu's is enu-itlere<l as an 


679 


Vol. II. No. 11 
MAY 1937 



RESEARCH NOTES 

fidvsuiood ty|M» tli:iii tlic‘ SinaHthropfis is sils<i 
Hiipportcd by tli<* siiprnorbitjil ridjrcs sind its (loiiiiox- 
ion with I In* roniiation of tlic? frontal air sinuses. 
Tlie broad furrow in tiu* siipraiirbital ridjres of 
till* ShtftnfhrupHs shows air siiiuseH very small 
and elosely (muiIuksI lo the inter-orbital rejrion 
while in Ptflirraittliropus they are eoiispieuously 
larjf(* and extend far lateralward over the roof 
of the orbit. Dr Weicleureu'h also sees many 
eouuuoii eharaeteristi<‘s with Jttrai/fhrnpHs whieh 
has ifot iiiidniibtfMl ailinities with Pithcf^ntithropus 
and (he author believt's the latter ti» be a special 
femal(! type of JannilhropHs, JarnnthrnpHs re- 
pn*s<Mils a v<*ry primitive type of Neaiidarthal man 
and aee >rdin^ to |)r Weidenrei<*h the line link- 
ing; Pfflif^rattfhrapHs and SituntHtropns respectively 
thnai^h JaraHihmptts or \eandarthal to recent 
man is eontiniioiis. Dr Dnb(ns, however, in his 
reeent study (AV//?//r, h'eb. .13, 1337) removes 

PitliCfftnllfrapHs from tie* human line associating 
him with tin* ^ribbon. 

S. S. Sarhir. 

Total Solar Eclipse of June 19, 1936, and the 
Ionosphere Observations 

So far all the investigations of the ionosphcTe 
diirint; various solar eclipses have, in j;(*nerjd, 
shown that the maximnm electron density of the 
various layers decreases as the visibh* area of the 
sun’s disc <lecreases, reachinjr a iiiimimiim at tK»ta- 
lity ; and after the eelipse maximum, as the visible 
area im*rea.ses, (he (h*nsity b(‘}j;ins to incn'ase. The 
results are not in jreneral in favour <»f corpuscular 
eclipse, (hoiie:h some investigators think that their 
experimental ri'siilts are in favour of a <'orpuscuiar 
eclipse. The «;<‘neral conciiisioii is that the ioni/.a- 
tion is due to eiier^^y propaH;atcd at a speed eipial 
to the velocity of lijrht or in other wonls to iiltni- 
violet lijrht. 

Recent observations of the ionosph(*re during 
the stilar eclipse of June l!l, l!)3li, have yielded very 
interesting n*snlls. (J. licithanser and R. lk?ck- 
inann {Xritsrhr. /’. tcrh, Phys.^ 17 , 327, 133(i) 
report to have* oljserved a decrease in the ionixation 
with the d<*(‘rease in the visible area of the siiii, 


which was not followed by an increase as the visible 
area iii<*n*ased again after eclipse maximum. There 
xvas a further rapid deerease which lasted the whole 
day. The authors conn* to the eoncliision that the 
ionosphere df>es not take part in the earth’s rotation 
so that the observing station approached the totality 
/one, with tin* progress of the day. Another possibi- 
lity is that the ioni/ation of the upper regions is due 
to corpnsenhir radiation from the sun. 

The above hypothesis of the non>rotation of the 
ionosphere has been supported by (i. Leilhiinser 
and \V^ Afen/c*! (/xitsrhr. f, lech, Phys., 17, 330, 
1930) from their study of the propagation of atmos- 
phc‘rie distiirbaiu'es and the reception of distant 
stations during the same solar eclipse. 

I. Raii/i (.SVf Rirerrn Srienf. 2 327, 193()), 
luiTvever, reports (o have cibserved two minima 
in the tJectron density in the Ky-regitm, one abmit 
thirty minutes before, and the other about 20 minu- 
t(*s after the ecli(>se maximnm. 

IL R. Rttjpai. 

The Mother-Goddess of Gandhara 

In Aiiihpiihj, March, 1937, 70-79. Major 1). ll. 
Gordon publishes an interesting artic*le on (he above 
subject. Me points out that in the Gandhara region 
the rites of the Hiiddhist creed and the worship 
of the motlier-gexldcss and In*!* consort wctc pre- 
valent at one and the some time, lie identifies 
the peg-shaped terra-cotta lignres with i)inched-ont 
m»se and applied incised eyes, naked but for orna- 
ments, a girdle, necklace, bracelets, anklets and the 
chaniiavira ^as representations of the nir>ther-goddt‘ss. 
Tin* lignrines generally fall under thnu* typ(‘S : the 
archaic, tin* Hellenistic and the Indian, (’oo- 
marasw.'imy proposed t(» refer tin* archaic ones to 
(he second milh*nninm it. (\, but this is shown to 
be against archaerJogical evidence, the Sari Dheri 
west mound, tin; prime source of the archaic ligu- 
rines, revealing the coins of Axes quite low down. 
The writer draws attention to a class of obje(*ts found 
!it 8irkap, eonsi.stiiig of a walled ein*losuro, with 
lamps at c.orn(*rs, birds on thr(;c walls and a shrine 

( *A jewellcil chain cro sed diagonally .'icross (ho front 
of the hody from shoulder to opposite hip*. 
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ill iM'iitrc* of till* FoiirMi, .-umI with slops loading 
to tho shriiio, oiitsido wliicli slaiids a lijriiio of tlic* 
iiiollicr-jroddcss ; iiisid(‘ tlio onolosiiro aiv small 
pillar-liko olijorts and a ft'a^iiiont of a similar oii- 
rlosiiiv shows two snakos ami a pillar. I'lu* dis- 
covcivrs rojjardc'd those objoots as oiVorinji; tanks. 
Jhil it. is hoi'o simjxostod that they arc in r«‘ality 
votive shrinos, the birds beinjj: doves, and they, 
th(*r wilh tin* snaki's, pillars and lamps, eonstitiitin^ 
the whoh* ol the ailjnnets of the worship of the 
niotlier-^odiless. 'riie mother-jL>;oddess in lerra-eotta 
is linked with lln* ii^nn's <if llarili, with wluaii the 
pliilosophy of Jhiddhisni had t«i slum* its saneinarit's 
and worship. I\nb<‘ra, tin* male* eompanion of 
IFariti, is regarded as the true linear deseendant of 
all thos<' ehthonie •jods of wealth and of tin* iind(*r- 
world who an* to be asso(‘iated with b'l lilif.y eornii- 
eoiiia goddesses, “ 

2 . It is sii^t*cs(eil that tlu* wools Cahiri^ Kabeiros^ 
Kithfra, iinlirati* immt prohahly the oiij^in of this god atnl 
his link with the h^rtility niN'stoiy. 


Itegarding the introdiietion of this partieiihir 
iMilt of ihi* mot h(*r goddess. Major ( iordon suggests 
that it eann* to mirth-west India at tin* time of 
Antioi'hos tin* (Ireat of Syria in r/ntt n. <*. LMM). It 
is unlikely that tin* 4*ult was (‘iitir<*ly l’or(*igii to the 
inh.abitaiits but it look a Syro-IN-rsiaii eomph‘.\ion, 
whieh is obM'rvable in lln* V4»liv«* t<*ri*a-e4»ltas ainl 
later on in the lb*lh'ui/e<l motln*r goddess wilh ln*r 
e<irnue‘opia and mural erowii. 'Tin* <‘ult was wisely 
aeeepted and given a prominent place in Ihnldhisni, 
as is sln»wn liy tin* position of (he vntive shrines 
and tin* importain*e of llariti. 

Afajor (iiinlnii I’iglitly eomplains that in Iinlia 
then* has b( 4*n a gri*a( dral nf liti*raiy ant iipiarian- 
ism. A <lis4*nv4*ry to provoke inlj-re^t must b<* 
f'apabh* 4»f being (raeecl to a n‘lerem*e in tin* I*ura- 
nas, the .Mahabharala oi' the .latakas, or failing that 
to some r<‘(‘ogni/ai>le i‘lement in Hindu, Ihnldhist 
or daiiia ieonography. W’here sin*h a link is missing 
it is <‘r<*at(*d with a iiaivt* di'^regard of st'ientiiie 
!in‘thn(], or els** (In* objects foiiml ar** passed *»v*‘r 
as being unworthy itf a(l(*n(ion. 

.1. (thtfsh. 


liiulu Matlicmcitics 


History of Hindu Mathematics a source book. 
Part I. Numerical Notation and Arithmetic, htf liihlnt- 
ithlfff stiff Ihfiitf^ n.Sr.^ ft*' AnitUtvsh \ffnftfffff Sfftgh, 
P.Sr. I'iihlishcti hij liffttffrsi Ihfs, Liflun'c, 

Priiv, Us f//- 

The volume b(*fore us is a w’**!***)!!!** a*hlilion to 
tin* )iist*»ry *»f S4'i(*in'e in general and Iji tin* history 
of Imlian sei<‘ne(‘ in particular and (he authors, both 
of whom an* ae<‘omplisln*d ma(ln*matieians, an* to lx* 
(**>ngratula((*d on having a<*(*om|)lisln*d their tasks 
with so eonspieuoiis sin*eess. It is well known th:it 
the w*)rld is imh*bt**fl to ancient I lindii for 

the inv(*ntion of tin* decimal notation. Ib'ganling 
tin* gn*at services *»f this inV(*n(ion the <*elebratr*<l 
astronomer, Jiaplace, r(*mark(‘d nearly a century and 
a half ago : 
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“It is India tliat gave us the ingenious inethed of e\ 
pressing all nninhers hy means of ten symhols, eaeli .syinhol 
reoeivitig a value of position, ns well as an alisolnn* v;dne ; 
a ])rofoiiiid and important idea which appears so simple t«i 
us now that we ignore its Inn* meiit, hut its very simjdicity, 
the great c.'ise which it has lent tf> all eompiitatioiis, pilt-i 
fiiir arithemetic in the first rank of useful inveiitifuis ; and 
we shall appreeiate the grandi*ur of this aehievement whim 
we rememher that it eseajied the genius of Arehimcilcs and 
.Xpollouius, two f»f the greatest men produeed hy antifjuit> 

Some firt**eii y<*;irs ago, nii :i( tempt was iinnh* hy 
Mr (J. K. Knyc, who was for soun* time in.s|)eet.or of 
schools in the Delhi division, to prov<* that tin* in- 
veiitii»n of tin* d(*eimal notation was not due to (he 
Hindu stf rtf tils. ,\l tempts have also lx*eii maih* in 
otln*r quarters to prove (hat the decimal system was 
known ill otlier ancient (‘oiiiitries. In vi(‘W of tin* 
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(loiihts wliicli wrro thus niisc^d, oiir niitlioi's took 
upon tln*msc*lv«*s llif t;isk of (>x:iiiiiiiiii^ tho olaiiiiK of 
the I liiuliis critioiilly. Tlioy li:ivo critifally oxainiii- 
(mI tlio (‘xtaiit litoraturo of tlio lliiulns, Ikidilliists 
aiwl daiii-i for n*f«*n*iH*<'s to tlioir coin-options on 
aritlniiclit*. Tlu-y have started with the Vedas and 
hav<- takf-n us through all the Mih.seipieiit liti-ratun-s 
up to ahoul the sixth eeutui'y A.D. 'I'hey hav<» exa- 
mined the epieraphieal evidences as far as tliey 
have come to linrht. 'I'hey have estahlislied ti» the 
satisfa<*tion of evi-ry n-asunable niiiul how the science 
of iiuiuhers was emdiially tlev<‘loped and to<»k its 
liiial shapi* about the sixlli c<*iitury A.h., how the 
ancient Himlii >v//v/y//.v fnuu the second century n.<‘. 
experiiueiitisl with diiVerent iih-as for tin; proper 
represjaitalioiis of iiuiiibers, how ul(iuiat(‘ly they 
cairn- to tlie n-ali/atioii of tlie place values and tin; 
iu(‘thod of representation of numb(‘rs ba-'cd on these- 
priiM-iph-s, with tin- aid of nine numerals ami tlu- 
/ero. They have shown that the invention was not 
sudden, but ha<l to pass throue;h a number of staifes 
before it look its present ami liiial form, 'riiey have 
further comph-tely refu((-d the armiments of Kaye? 
reeanlinij: tin- non imlian origin <»f (he dee-imal nota- 
tion. h’lirther, tliev have jdso examined references 
in tin- writings of many eminent Arabic and Syrian 
authors from ToO A.l>. to llMKI a.i». in support of the 
Indian origin (d (he decimal notation. 'I'he t-om-hi- 
sions of till- authors can be thus siimmari/ed : '''rin- 
earli«*s( use of /ei’i) is to be round in the ( hltinnlti - 
Siilni of Pineal (l?Ott n.c.) in »'onm-xion with the 
solution of limlin^ tin* total numbers of ways of 
arraneiii^ lw«> t bines in ;/ places, rep(‘t itions bcin^ 
alloweil.*’ Ae<-ordine to our authors the earliest 


(-pi^raphi(*al reeord of the deeimal notation is found 
ill a pl:il(--^raiit dated A .1) The date ( whitdi 
is the Ch(‘di i-ra) .‘IK) is ;>;iven in the dee.im d 
notation. 

Ihit the authors liave shown that tin- e.-irliest 
use of the place-valm- prim-iph- with the word 
“iiiimerals’M)(‘lonjj:s to the second or the third century 
A.D., in the the llakhshali maniiscriiit, 

and in the l^nlii^lHi-Sidhttuta. The authors concimh-, 
on the analoey of Kiiropi- and Araliia that, it niiist 
have taken oOO to 7()K years bc-fore the d(!eiiii:d 
.system was adopted by all .s<*ctions of peoph* in 
India and siipplantf-d the other systc-ms. In Chaptc-r 
II, tin? aniliors havi- *>:ivcn c-xhaustivi^ tn-atim-nt 
of the methods of evolution of the diilen-nt 
arithim-tical principles like addition, .sub- 
traction, multiplications, divisions, .s(piar(-.s, cubes, 
(-xtractions of sipiare root, and cube root and tin- 
rules on frai-tions. If tin* reaih-r has (lu- patience 
to ^o through (hes(‘ .se(‘tions he will liiid how the 
methods w<‘re In-iny: iniprovetl in gradual steps from 
very crude forms to the present day final bu'ins in 
wiiich tliest- operations are taught to (lu- students. 
'Pile authors hav(- further shown that soim- of the 
interim-diate procj-sses were transmitted (hrone:h tlu- 
mediiim of the .Vrabs to Kiirope (<» be siibseipu-ntly 
discarded when bi-tter niethotls were invt-iited i*' 
India and a^ain (raiismittt d to hairope. 

This book is a monmm-nt of learnini;, profound 
.study and of critical sifting of (‘\ ideiicc. Tin- l.•|r‘;^! 
bibliojrnipliy whieli is ^iven at tin* rmd of the book 
bears te.-limony to the authors’ extreme can- :ind 
st-ieiitiiic. outlook ill approaehiii«r the problem. It 
oii'dit to lind its phme in every seientilic library 
and ill every (‘diicated Indian home. 
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University and Academy Mews 


Royal Asiatic Society of Bengal 

All onliiiHry inonllily of llic Itov'il Asinlio 

Sorirly of lU'ii^al was lirlil on tlir atli April, ln.‘(7. 

'I'lio followiiijr caiiilidatos worr lialiolcd for as 

onliiiary MnnluTs; 

(1) Sliarafiuldiii, S., M.A., li.L., Kiltioa- 

tioiial Sorvioc.*, Profrssor of Arahio ati«l Persian, 
Islainia C'ollcgc*, C'alciitta. (2) (iiipla. Miss Karima 
Kana, M.A., i*rofrssor of History. Mtlliirn- C'ollogr, 
Caliiitta. (;t) Sufi, M.K., H.A., D.P.H., L.ll.C.P.K., 

L. lt.S.K., L.I'M*.S.(r., Assistant Dinvtor of Piihlir 
Iloaltli, Penpal (rrtirrtl). ( !• ) Salmi, Mnlk Itaj, 

M. A. (Caiilal).), D.Si*. (Lond.), I).[.(\, Co'ologist and 

Palii'ontolo^ist, (i(‘ologi(‘al Siirvoy of India, ('ah'iitla. 
(5) Wolfrndrii, Stuart N., Hrvirly Hills, California, 
IJ.S.A. (d) Hoy. David, Assam (’i\il Srrvivo, Sliil 
lon^, Assam. (7) Sliira/.i, Moliamiiu'd Ali, M..V.. 

Lovinrrr, Calnitta Cnivorsity. (S) Mooney, llerluTl 
Pranvis, M.A. (()\on), I.P.S., Porvsl Adviser, Kaslern 
States, Saiiihalpiir. (D) Asari, .1. H., M.A. (Hons.) 
(Madras), Retired .\ssistanl (’ontroller of Printing, 
Stationery and Stamps, (lovernniint of India. (10) 
Satlar, 'I'lio Hon'lde Mr Alidur Ha/zak Hajii- .Midiis. 
Member, Couneil of State, Caleiitta. (11) .Sen, 
Ksliitinioliaii, .M..\., Sliastri, Prineipal, \'idyabliavana, 
Visva-Pliarati, Santinikelan, l)t. Pirblium, Bengal. 

'Pile following;; pa|>ers were read: 

1. liileen ,1. \V. .Maefarlam 77/e Jficish ('nmniit- 

tiiiu'x of Cochin, India; their racial .Ifjlniticx. 

'rile .lews of Coeliin totalled in divid- 

ed into two (‘ndo)j;amoiis eommimities, tlie Wiiite and 
the Hlaek .lews. 

'Pile White .lews a minority of under l^O, elaimint*: 
orijrin from Palestine in the lirsl eeiilury A.D. to 
(’ran»;anore. C’oeliin, where they were j^ixeii autonomy 
over their estates, as well as other special privile'res 
by an aneieiit Haja. Anli(|Ue eoppiTplale deeds whieh 
record these p:rants are still in their possession. 'Phey 
aver that the Black .lews are the desis-iidaiils of 
Indian convert slavt'S of their aneestors. and are not 


of the .lewish raee. 'Phe Black .lews declare that 
they are deseiaided from .li \\s who e;ime from Pales- 
tine before tlm ( 'hristi;iii era, and explain their brown 
skins by a loiif*' sojourn in the 'Propies. 'Phey claim 
that their aneestors owiii d the ( 'rani>';more estates 
and pri\ile»;es. th;d the M'hite .b ws an- new arrivals 
within the past 100 years wlm took the copperplate 
deeds from tiu-m. 'Pliere an- alsti twn small sub-eiim- 
inimities. one eimiieeled with i aeli nf the main roups. 
'Phese are: (Ij tin- deseend;mls of White .lews and 
t‘onverted Indian eoneubines; (2) descendants of freed 
sla\es and id' lndi;in convert eonenbiiu-s id’ Black .lews. 
'Phey an- called Maniimiiled .b ws. 'Phis proves th;it 
it has been eiistomary here to fn-i- the .lewish children 
of servants and sla\e women. About llfty ye.ars api 
the Black .l(‘Ws appeah-d to tin- Chii f Habbi who de- 
clared that all of them were eiilitled to the full 
n-li^ioiis and soei.al status of lru(‘ .lews, providiiij^; 
that they observed tin- l.aw and their w'onien and 
ehildreii took the H;d>binieal b;ith called Taldla. 
Seroloj^ieal data were obtained in onler to throw li)jfhl 
on his eoniroxersy. 'Phey show that the distrilmtioii 
of the blood groups in the two eommimilies is entirely 
dissimil.'ir. 'Phe White .lews show lip . (iroup 
'Phis is /hie to inbreedini*- for the two lar);est families, 
who have iiiterm/irrieil fre(|UentIy, are now app;ireidlv 
homo/y^rnus for »ene A. 'Pin- Blailv .!• xvs show a 
disproportionate hit'll pereeiitai'e of (iroiij) ()- -7.‘l.(i . 

'Phis ^roiip was found to be xery hij'h aniorii^ the loxv 
castes and out castes of Coeliin. Nalixe slaves and 
eoneiibiiu-s woiihl come from these poor classes, and 
the ehaiK-es are 7 to .'i that a loxv elass xvonian will 
carry the rei-essive )»ene H of (iroup < ). Additions 
to the eonimunity have exideiitly laki-ii |)laee from 
(irouj) () persons. Physically I In- Black .lexvs resein 
ble the loe.al Moplah .Mohammedans xx ho are deseeiided 
from .\rab traders ;md lo<-aI women. 

Physical me;isurements ami i>'ene;do,i;'ie:d diai>*rams 
are ,u[iven for some families of the White .lexvs. 'Phey 
reveal a hij»-h de^^ree id' heterozy.y;o.sity ineludin)^ hvo 
distinct lu-ad types, one braehyeephalie and the other 
niesoeephalie. Several of these people are blond. 
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Tlirri; is inliiritrd insanity and diabt-lcs Hinoiijr tluMn, 
but many arc hcnllliy and well endowed ineiiUily. 
Pliolof^raphs are ^iveii to sbow some types among the 
White ami Black Jews. The traditions of both eom- 
m unities have? been <*or related and ])(‘euliar customs 
of the Wiiile Jews recorded for the first lime. New 
sources of historical data (French and Portuguese) 
have been revealed. A ])holograph of the Jewish 
co[)pcrplates has not heretofore beiMi published to the 
writer’s knowledge. 

2. J. (’. l)e The Dei'elopmmt of the Theory of 
the divine Xature of Kiiiffs in .Issnm. 

All analysis tif the terms used in inscriptions re- 
garding Assamese Kings shows a definite tendency 
towards their deifiealion. 

The history of Assam may be roughly classified 
into three periods: early historical, Ahom and British. 
An analysis of the insiTiplions shows that during the 
Ahom period there is a lendeney to surround the king 
with niyslie symbols, to make, him participate in 
rc'ligions observances, to emjiloy semi-divine priests 
as his advisers, (o use the same words for deva and 
monarch, to as<*ribe t<» the earthly king ileseeiit from 
the king of heaven. 

it. K. Krishnan Nair ./a abnormal Specimen of 
Siluriis C’oehinehineiisis eitv. and X'al. ahoxciny Eversion 
of Stomaeh into the Eharynyenl Cavity. 

Deseriptioii of large tumour like growth in the 
mouth <if a sju-eimeii of Sitnrns ('t}chinehinensifi (’iivier 
and Valeiieieiines, belonging to a eolh'etion <if fish made 
by P. Sondlii in the Southern Shan Stales, Burma. 
Hefereiiei* to a similar abnormality in a Brown Trout 
(Salnitt fario Linn.) recently studied by 1>. I). 

.Mukerji. 

4. I). 1). Mukerji .In abnormal broxvn Trout 

{Sat mo fario Linn.) shoxciny Ex'ersion of Stomach into 
the Pharynijeat Cax'ity. 

Speeiinen «if adult male of Salmo fario Linn, eol- 
hTteil from amongst the fry in the local brown trout 
hateheriivs, Kagan Fonvst Division, lla/.ara District, 
N.-W.F.P., where an e])idemie of high niortality 
tieeurriMl. 

A massive thumb shapi'd slriielure was found on 
o(iening the pharynx. 'I’lie structure pnived to be 
formed as a result of the complete eversion and pn»- 
lapsiis of the proximal loop or the broad eardiae |>or- 


tion of the siphonal stomac'li into the pharyngeal 
cavity. The structures immediately following were, 
jmlled forwards and itnvards and drawn into the evert- 
ed .sac in front of the gullet which al.so is everted 
and forms the posterior end of the sac. Detailed 
aeeoiint of the abnormalities. Note eoneerning the 
probable mode of tlie ingestion of food. Illustrations. 

5. M. H. Kyaw and 0. K. Gales — The Earlh- 
xcorni Populations and the Formation of Casiintjs in 
Ranyoon, Hurma. 

The investigation was made in Rangoon during 
the rainy .season, on two sample plots, ten feet 

scpiare. De.seri))tion of method. Statistical results. 
From the first plot worms were eolleeted belong- 
ing to at least six species, from .second plot 1()8 worms 
also belonging to at least six, Imt not all the same, 
totalling eight species. ^J’he number of juvenile 
at'litellate and elitellate individuals was counted for 
each .species. The average of earthworm population 
per aiTc as the basis of the two results works out at 
an average of K8,l<2fi. 

Two types of eastings were eolleeted and weigheil 
and analyztsl. Jiifiiieiiee of rainfall on formal ion of 
ea.stiiigs. Calculation of estimated aiiioiint of dry 
earth deposited as eastings acTe results in ll,fi()() 
and 18,821 tons per acre for a period of a hundred 
days. 

(>. Kalipada Biswas- Diatoms of the. 
Isoktatf f.ake, Manipur, Assam. 

Speeimeiis eolleeted by Dr S. L. Horn and the 
late Dr N. Aiinandale in li)2(), from the Loktak Lake, 
Manipur, (ieneral iiitroduelion. Description of ten 
species. 1 1 1 u.st rat ions. 

7. K. Sen Some notes on rural Customs of 
Dina j pur District. 

.More or less di.sjointed notes on some customs 
observeil in the interior of the Dinajpiir District. 
Area. Population, llinduizing tendency amongst the 
Raybangshis, eonseejuent change in the position of 
women, as well as in their costumes. Industries. 
Ilfligioiis pantheon. Kali-worship. Protection 
against snake bite. Cure of stomaeh-aelie. Miiliam- 
madaii .Fumnia-ghars. Tombs of .saints. Rent-free 
lands attached to Hindu temples and Muhammadan 
shrines. Mandal-.ship, .selection of villagi* headmen. 
Magical customs and riles. C'linelu.sion: as the popu- 
lation is still primitive there may be some features 
which arc not commonly found elsewhere. 
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ZAcridyl Z\niin()-Z^ntipvnnc 

Sinct* llie oh-itTvalion' (in tlu* (.Mihaiireiiiont of tlie niili- 
inalfi i.il activity of iiicthv1iMi(‘-lj|iu^ liy rcplaceiiiPiit of <»iie 
of its (iinr^tliylaiiiiiio ^roii]) liy a (lialkyla'iiiiioalkylatiiino 
cliain, a »rent il«al of work has hccii on fiiiiliti)' out 

the ctTvi't of iiisiM'tioii «il similar chains to o.hcr nui'lci, parti- 
culatly ((uinolitK' ami aciidiiu*. These in vcstij^atioiis have 
resiihejl in the »lisci»vi*ry of two wj-ll-kmiwii atitimahirial 
<lrm»s, namely S ((f>-(li» tliylaiiiinoisoamx 1) aiiiino— (i - iiks 
thoxyqiiinoIiiK'* ami 2 chloro— 5— (ei— diethylamiiioisoaniyl) 
amino — 7 — inethoxy- acridine*, hetter known as “plas- 
tiKxiuiti” and “atehriii*' resix^elivel}’, Tliey also tend to 
estahlish the fact that the most effective.* parasltieidal por- 
tion of an anti-malarial dru^ is usually a quinoline nucleus. 
Blit ill order that tlie heiorocyclie rinj» iiiiKht exert its 
s]icci(ic toxic effect on the malari il parasites, il must he 
linked to certain ottier chain like* dialkylamimi-alkyl atiiiiie 
as ill the aliovc* two coiiipoiimls, or the (|iiiiiiiclidiiic jrrotip 
as pri^SL'iit in quinine itself. That a mere liiikin){ with a 
dialkylamino-alkyl-aiiiiric docs not help the oninoliiie 
nucleus in this direction, is a)»ain evitleiil from the resear- 
ches of Slotta and Kehniseh*. It would now he a natural 
development to study the influence of oth(?r substituents on 
the above riiij' system. 

h’or this purpose, an amiiiopyra/olonc derivative has 
been prepared from antipyriiie liy treating' it wilh nitrous 
acid* ami siihseipiently rediiciiii; the resulting iiitroso- 
derivative to 1 amino-antipyriiu:*. On heatiii}* this enm- 
pouiid with .'-chloro acrid itu'S at 10U* fora few hours, vari- 
ous '1 — acridylamiiio-aniipyrincs are easily obtained. Thus, 
the 2 : 5 — diehloro-7-mcthoxyacrldinc afforded 1 — ])hcnyl — 
2: 3 dimethyl — -1 - (2' — chloro — 7' — methoxy -aeii- 
dyl) amiiio-S-jiyra/oloiie, ery.slalli/iiij4 from alcohol in fine 
microscopic oraiijife yellow needles, in.p. 218*. It i.s readily 
.soluh e in dilute acids ami is precipitated uiichaiij;>ed on 
iicutrali/.ation. The nitrogen a id chlorine estimations 
agreed with the formula C,jIl,|0,.ClN4. 


The phannaeologie.'il eliariu-l»*ristirs of the ('ompiiunds 
are being ascertained. 

Rc.seircli Laboratory, 

Bengal Immunity. .S. J. Dasgnpta. 

Bariiagore, Calcutta. T. Basil. 

2.1 jT. 

1. Sclinlemaiin, Sehntihofer ami Wingh-r, Arch. Schi/ftt, 
Trop. Hyg,, 30, II, P)2o. 

2. Ibid, 31, .IS2, I02S; Kfin, IVoch., 11, .ISl, I0.?2, 

3. Mauss and Miel/.sch, Klin, /2, 12r<», r>33. 

4. /fer., 751, l'»3.S. 

5. Annalm^tdS, Z\2, IKsr. 

0. cy./;. /e. p., ri2ni. 


Purliiil Piirificutioii of Ihc to.xic ('oiistilucnt.s of 
(.'obrd (AZfl/d Naja) Venom 

The iieurotoxin anel the haemolyMin are the two prin- 
cipal toxic (Miiislilnents of cobra ( Naja Naja ) v(*iiom. 
These are always found assoeiatnl wilh tlie jiroteiiis which 
constitute llie largest fraelion «if diy cjihra venom. 
Many attempts have previously been made to .separate 
these toxins from one another ami from associatc'd nitro- 
genous .snhstanees. We h.'ive heeii able to obtain a litghly 
piiritied .sample of iieurotoxin hy adopting tlie following 
procedure. 

10 e.e. of a 1% solution of cobra venom were dialysed 
agaiii.st water in a celli>phaiie l>.'ig until the non-protein 
nitrogenous snhstanees were mostly removed. The ilialysis 
was carried oat inside a refiigerator iiiaintaim'd at 4*C, 
The .solution, after dialysi.s, was mi\(‘d with an equal voliiine 
of a 4196 solution of aiihyilroiis .sodium stdphate to prt'ci- 
pitate ]iart of the proteins present. This wa.s carried out at 
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pH 5.2. Tli<? sii|>ertint**tu sniiitioii roiitniiiiiif; the major 
portin.. of the? i)inirolo.\iti was s(‘parato(l from the jweripitale 
by ciMilrifujLrinjr. Tlie precipitate was riissoivcd in vater 
ami af^aiii precipitab.Ml by the aihlilion of .stiditiiii tiiilphate, 
the filial concentration of the .salt in the mixture beiiif' 
22% as liefore. Th»* anperiiatant solution was separalt'd 
fniiii the precipitate as before ami mixed with the first 
fraction of the snperiintaMt solution. To this .si>liitioii 
cnoiifrh anhyilrous .soiliuiii sulphate w.is aihled to biin^ the 
concentration of the salt up to 3.t%. At tliis sta)»e a further 
fraction of proteins alonjir with .some ncurotoxin .separated 
out. The prccipit.itir wi.s separated from the solution, 
di.ssolved and rejjreeipitated with .sodium sulphate, the final 
eoiiccntration of the .salt in the iiiixtnre bein^L' .1.^%. ‘The 
two fractions of the sujiernataiil .solution rich in neurotoxin 
were mixed and treat* d with a 10% solution of sodium 
tiiiiK-tate and 2/.l.\ sul|»hui ie acid, such that each It) e.e. of 
the .solution eoiitaimd two iliojis f»f the tunjuslate and two 
flr#»p.s of the .sulphuric ai id .solutions. The precipitate <»b 
taitied contaitied all the neiiiotoxin present in the sohitifui. 
It was ili.s.solvid iti lOoc of water eoiitainin^ two drops <if 
N/Ii) NaOlI and the rcaetinii of the .soliilioii was liuallv 
adjusted to / jI I 7*0. The nitiof^en coptetiL of the .s<ilution 
wa.s estimated by the mieru-Kjeldahl method atid the neuro- 
toxin content wa.s deterniine<l by intramu.seiilar injection 
into pigeons \ieijrhiii>; between 3( 0 and .310 j»ms. The solu- 
tion contained only neurotoxin and no hacniolysin. It has 
been bniiid that this purified sample cont lined 0..3')2 m|{ 
of nitro;4en per 100 M.b.I). of neurotoxin, while the original 
dry viMioiii con ained (i.03 mjj of nitro;;eii per KKJ M.b l). 
of neiirotoxin. \ssumiii>r that the nitrojrcii in both the 
cases eome.s wholly from proteins it follows that *».i..S% of 
the protein impurities has been removed and ihc iieurotoxiii 
has been coiieriitrated within o.5% of the protein substances 
present in the original <lry venom. 

The haciiioly.sin of the cobra venom has also been freed 
from a eousiib‘rabIe portion of the as.sociated nitroj^ciioiij, 
.siibslanees by the following procedure. It has been ftuind 
that hy Ireatiii;^ 1 % .solution of eobra venom with sodium 
cloride so as to briiijr its coiieentration to 20%, iin»re 
than 05% of the haeiiiolysiii in the solution conics rb>wn 
with the pidtein ]>recipil.'ite. The precipitate was .sepa- 
rated by ceiitiifu'-iiijr. washcil with 2 .% .sodium cloride 
.sidiition ainl redissolved in water. Us /Ul was then 
adju.sted t » T.S and it was plaeed in a water-bath at 
S(i*C. .\fter two tii'nnte.s the solution bceame liiibiil, 
when one drop ofN/5 NaOIf .solution wa.s mldetl ; this 
was followed hy the addition of another dro]) of the 
same caustic .soda solution after about two iiiiiiutos. Hy 
tins method the maj«>r portion of the proteins wa.s coa- 
gulated and it w'as removed hy ctmlrifii^^iii)'. The super- 
natant solution was found to contain l.8o of riitroj;en 


per 100 units of haemolysin, while the oriy>ina1 venom 
contained b.03iii){. of nitrojiren for the saiiie iiiiinher of 
units of haemoly.sin. Therefore ahont 71% of the nitrr>jLrenoiis 
impurities associaterl with the haemoly.sin as prc.sent in 
the orifiriiial venom wa.s 'removed, piirthcr wor.» is in 
projrres.s. 

University Colle^^e of Seieiiee, H. N. (Vliosh. 

Caleutfa. S S. De. 

t.. 1. .U 


The Solidificution of Cocouiiut Oil 

While investi^atinfr the insiilatiii]* )>ri»perties of .‘;ome 
vej»- table i>ils, a few interest iiiv' facts have Ireeii noticed 
duriii}.; the solidiiieation of the eocoaniit oil. The solidi- 
fication was found to start as a^i^lonitMalioiis of neerlle 
sliRpeil fat crystals all of which jioiiit towards a dermite 
nucleus. Several star shapeil white eryslalliiic b dies fiist 



l*'ii‘.. I 

Formation of white crystalline bodies in oil. 

appear on tin; .surface of contaet of the oil and the con- 
tainer and they then j^radiially develoji as heiiii.spheres with 
plane face on the walls of the ctmtaiiier. 
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Photographs at jlifTiTfiit stages of developiiiciit have 
been taken clnring soliilifuMtion aiul the inicioscopic slinly 
of a very thin solitlifu*il oil film shows heaiitifiil star sha]>tMl 
boilies seattereil all over the sliile. High iiiagiiification (M(X)- 
1(XX)x ) leveals that the inieleiis is always assoeiated with 
sonic substaiiee other than fat, ainl is probably some aleiiro .e 
g.aiii f)! ervstalloiil inlioreiit in tlie oil itself. It is not yet 
known whether these .siib-.tatiees siiii])ly act as mielei (hiring 



Pk;. 2. 

Photoiiiiei'ograpb of slar*sha])e<] billies in vciy thin 
solidiiit'il oil libn. X 

crystalli/.'ition orlliey play .some other part in soliililicalioii 
and attract the fat crystals towards thciii. I’lirther invest!' 
gatiun.s are in ptogre.ss and the wi^rk in di'tail will .shortly Im 
reported olsewheie. 

Applied IMiysics baboralory, 

University College of Scieiiee, ll. N. Hhatlacharvya. 

Caleiitla. 

8 . 4 . 37 . 


Dielectric Conslanl and Conductivity of Soil 
at High Radio rrcguciicics 

The significant part whieh the earth plays in the propa- 
gatimi of wirele.ss waves has led to the uigeiiey of finding 
out the eleetrical proper lies of soil in various .slates and at 
diirerent high frctpieneies. Attempts have been made by 
(|uite a large nuniber of investigators at several ]>lac*es in 
evaluating the dieleelrie conslanl and coiiduelivity of the 
.soil as from the kiiowdeilge of these one can obtain indi- 
rectly the attenuation of the signal Iravelling over it. Cii.sli 
and Kuoney' could deteiniine more than a decade ago the 
coiidtietivity of soil, though at a very low frecineney. Snb- 
si'qiiently, various other investigat«n-s inelndiiig St mil*, 
Feldman*, Katelill'e and While* and Siiiilh-Rosc and Me. 
Petrie* have iiieasiiied tlie e(iiiihieti\ ily iiinl dielt^cliic eons- 
taiil by ditiereiit imthods. In India, Khastgir and 
Sen (Viipta* have found the abuve ('oii.slaiils very 

recently by the niodiliealioii of the n etlioil adopted by 
Katelill'e and White. 

Ill all the experimenls eondiK'teil so far the ae iial atte- 
nnatioii of the radio waves has not been diieetly deterniined 
l>y any laboratory nii‘tliod, tlioiigb tlie knowledge of whieh 
is so essential in evaluating tin* (*leetrie:il eoiistaiils of soil. 
Ill the presiMil invi'stigatioii tin* :itleniialioii of the radio 
waves tr:i\elliiig along a iiiodiiied I.eeher wire systi in 
iiiimersed in tin* .soil has been deteMiiiiied at fietpiencics of 
the onbr of .SO to TO iiiegaeveles per seemid. The llie(>ry 
of the method consists in evaluating the value of tin* di- 
eleeliit' eotisl.iiit of a eoinliietiiig medium and abo its eon* 
diiclivily in t(‘rin.s of the attenn.ition coiist.'int of a tadio 
wave travelling thtougb the im dium. l ioiii the standaid 
analysis of the propagation ol alternating ( iineiits along a 
pair of paralli*! w'ire.s imiii«‘iseil in a eoiidueting medium it 
ean be show ii that, 

K ./. 7 ^ ( 1 ) 

aiul (T fW' ... ... ... (2) 

where A the dieleetrie constant of soil, 

(T-- the eimdiictivity of the soil, 

(I — the aUeniiation constant, 

vt the angular frecjiieiiey of the wave.s, and 

JIImI w'aveleiiglhs in air and soil respeetively. 

In the present experiiiieiil has b»'eii determined by 

the ‘waveshifr method adopted by Smilb Rose and McIVlric* 
ill a. similar investigation. I lie atleiiiiatiim eoiistanl « is found 
bv the ‘half- width’ method adopleil by llaiit-rjee’ in course 
uf delerininatioii of radiation rcsistaiiee of parallel wires. 
It is evaluated from the relation n 'Jnd where d is the 
‘li-ilf width’ whieh can he determined from the resonance 
ciirvi'.s, drawn along tin* length of tin? parallel wires. Kno- 
wing a and Aa/A„ the valiK^s of the dielectric constant and 
conductivity can be e.isily deterniined. 
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The value of the comUictivity iiicasiireil was of the order 
of 10* o s. u. It ineroases with freciuency and moisture 
content. For dry soil the roiiductivity increased from a 
value of 1. Sx 10* e. s. ii. to a v:dne nearly ecjual to 2.6 x 10* 
e. B. 11 . 

Unlike conductivity the dielectric constant diminishes 
with a rise of fretiucncy but it increases with moisture 
content. It varied from a value of 4. 5 at a moisture content 
of 0. 3 % to a value of 17. 3 at a nioistur content of 13‘9 %. 
The attenuation constant is of the order of 10-* e. s. u. 
but its variation is not very lej^iilar. 

(tcnerally it is hi|;her for iimist soil and hij^her frc«iiien- 
cy. The values of conductivity atul ilielectric constant .'ire 
.small as compared to the values obtained for Fn^lish soils. 

A detailed account of the ]ircscnt investigation will be 
published in the Journal of the BenareR Hindu University 
very soon. The authors have great ])leasure in thanking 
Frof. I*. Dutt, M. A. (Cantab) lor his iiiterc.st ami help in 
the work. 

Physics l)ep;irtment, 

College (»f Science, S. S. Hancrjce. 

Benares Hindu University. R. 1). Joshi. 

10. 4. 37. 

1. Terr res. Mag, and Atmos, Elec^ SO, l6l 192.S. 

2. Klvktr. Sachr, Tceh„ 7, 3.S7, 1930. 

3. Proc, Inst. Had. Eng. 15, lOS, 1927. ami 21, 764. 1933. 

4. Phil. Mag,, tO, 1930. 

5. Proc. Phgs. Soc., 40, 649, 1934. 

6. Phil. Mag., 2».5, 1936. 

7. Phil. Mag., UK 7sr, 1935. 

nffect of Vittimin C (IirI (iliitatliioiic on the (irowlli 
of certain Micro-organisms 

The relation of vitamin C to the growth of dilFerent kinds 
of animal and plant organisms has of late attracted some 
attention. We have in this connection carrieil out some 
experinienls on the ellect of vittimin C on the growth of 
certain fungi in a synthetic medium. The cultures used 
were those of Aspergillus niger, A. orgzae, A. flavus, 
Saccharouiyrea cerevisiae and S. ellipsoideuR. The 
concentration of the vitamin used wsls 1 in 50, 000 in all 
cases. The inoculum for .almo.st all the experiments con- 
.slsted of 0. 1 c. c. »if a suspension of a loopful of the culture 
(24 hours old) in 5 c. c. water. The estimations of growth 
were carried out by the determination of the dry weight in 
the case of Aspergillus :ind by counting in the case of 
Bacchar omyees . 


With all the varieties of Aspergillua, the addition of 
vitamin C in the medium resulted in very markedly increa- 
.sed growth during the first 72 hours; after 5 days, however, 
the total growth was approximately equal to that in the 
flask in which no ascorbic acid or ascorbic acid, which had 
been previously oxidized irreversibly, had been added. 
With Baccharomycee also adtlition of vitamin C markedly 
stimulated the growth, which was greater than that in the 
negative control even after 5 days. Parallel estimations of 
the vitamin C content of the cells have shown that it iiierea- 
ses with the increase in growth. 

(diitathione in a concentration of 1 in 50, 000 also pro- 
duced a .stimulating effect on the growth of all the Asper- 
gillua organi.sms, mentioned above. The effect of adiled 
vitamin C cannot, therefore, bo reg.arded as specific. There 
limy be .some relationship tictweeii glutathione and vitamin 
C ill this rpicstion, which is being studied. 

The proliferation of bacteria like B. coli, B. suhiilia, 
Aerubacter aerogenes appeared, however, to be inhibited 
instead of being stimulated by vitamin C us found in pre- 
liminary experiments. In this respect the fungi, therefore, 
behaved very differently from the bacteria. The rea.son for 
this is obscure and the problem is under further iiivcbti- 
gatioii. 

B. C. (Viiha. 

University College of Science iS: ('». C. Das (lUpt.i. 

Technology, 

Calcutta. 

2.V I. 37. 


Action of ScIcniiiiTi on Caiijocylic Componncis 
containing a gcin-Dimctliyl (iroup 

In se.eral previous communications* it was observed 
that spiro-hydrocarbons underwent ring transformation 
during selenium dehydrogenation .at 300*-35l)®. The for- 
mer investigation h:is been further exteudeil and the action 
of .selenium m hydroaromatic compounds containing a 
gem-dimethyl group instead of a sjnro-riiig h.as been studi- 
eil. Ill view' of a recent publication by Clcmo anil Dic- 
kenson*, 1 like to place on record the results tlmt I have 
obtained by the seleuiuui dehydrogenation of 2: 2- ilimethyl 
ami 2 : 2 ; 7- trimethyl tctr.ilin as also of 2 : 2- dimethyl-, 
3: 3- dimethyl- and 2: 2: 9- trimethyl-tetrahydrophenan- 
thrcnc. It ni.'iy be mentioned here that my result. s were 
communicated* to the Indian Science Congress in August 
1936, which Cleino and Dickenson seem to have overlooked. 

It was found that the two gom-dimethYl tctralins could 
not be dehydrogenated with selenium .it 300*-340* to either 
naphthalene or alkyl n.iphthalenes whereas 2 : 2- dimethyl- 
and 2:2: 9-triuiethyltctrahydro-])heiianthrene under simi- 
lar conditions were converted into 2- methyl and 2 : 9- 
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or is of the order 




....( 2 ) 


The above principle of Professor Dirac can also be 
expressed a little difiereiitly so as to show its connection 
with the red-shifis of the spiral nebnlae, and without any 
reference to (hy])othclical) quantities such as the ‘aj^e of 
the Universe', or nirrcnl costiiolo>rii';ii theories. 

The law of the observed r(‘d-shifts is expressed in the 
form. 


where ^1/ is the shift in wavu-leii^rth X for a nebula at a 
distance //, and A' is a constant (of the diniensions of 
lenylh) which ohservatitnis show to he .ihdiit I T x lU*^ ciiis. 
If we ex -ress this leiij'th, which is undoubtedly a 
fuiidaineiital cosinri|ii}>ieal constant, in a unit proviiled 
by the atomic* con>tanls, say ^/nic* {ultrlron ctaa-iral 
radiuft), we obtain a iinniber about tiO x which 

is, upiirt from a numerical factor of the order 

unitu, the same as the larije numher expressintf the 
ratio of the electric to the gravitational force hclivcen an 

electron and a proton, i e. is of the order 2 .< 10*''. 

We may thus write 

A • ^ is of the onler ^ 

titr^ 


We may express Dirac's principle in the form that all Inr^re 
iitiinbers of the order of lO", lO’",.... turning up in 
general physical theory are apart from simple numerical 
factors, just K, K*,,.., where K is the fundanientnl 
cosmological length [ defined hy ( I ) | expressed in atomic 
unius, and as such no reference is made to hypothetical 
quantities or eosm .. logical theories. 

Substituting the value of K given by (2) in (1), we have 



where a is a simple numerical coe.licieiit that ean only he 
evahiatf'd from a comprehensive theory of cosmology and 
atomicity. All the saint*, as h does not ocvvr in (.if), we 
can say that the nebular ml-shift is (very probably) a 
eonsecjuence of llu* classical (relativistic) eli*clromagnclic 
theory and gravitalirni, and qn.antiiin theory would only 
introduce a correcting factor. 

Physics Dt'pni tiiiciit, 

Delhi rnivcrsiiy. I). S. Ivtithari. 

22. I. .17. 

j. \ature, 323, I')37 
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All communications, editorial, managerial or otherwise, must henceforth 
be addressed to Science & Culture, 92, Upper Circular Road, CalniHa. 

Tlie present volume of Science & Culture will he complete with the 
June issue (No. 12). lliose subscribers whose subscription ends with this 
volume are requested to inform the Editor whether they wish to renew it. In 
case of no such intimation it will be assumed that they desire a renewal and 
the July issue of the Journal will be sent to them per V. P. post. An intimation 
w'ill however be much ai^preciatetl as it will save us imirh inermvenienee. 
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n Fuel Research Institute for India 


In rocTiif. yours tiu; ClnvoriiiiifMit of li:ivo takon 

nil notivo iiiti^'ost in ilio iiivrsti^alioii of I ho ooiiiph^x 
probloins assooiniod witli llio <‘otivorsioii of tlio raw 
niatoriais of India into tini.shod produots. Tho 
Cotton Toolinolojrioal Laboratory at Uoiiibay, the 
Lao Hesoaroh In.stitnte at Hanohi, tho Insiilnto of 
Siijjar Toohnolojry at (^iwiiporo, th<‘ proposisl Jiito 
Ib'soaroh Laliorabiry at CahaiHa, lh(‘ Iiidiisirial 
TIosoaroh Laboratory now looab'd at ihoCovorn- 
inont Ti'st lloiiso at Aliporo — all lh<*s<* indioate 
(hat the (jovorniniMit of India aro kofaily alive (o 
(ho floods of industrial rosoaroh. 

'rhoro r^Monin . ..:i^»thor major probhai: of indus- 
trial rosoaroh to whioh tho attontion of (ho (lovorn- 
nioiit of India slioiild ininio<liatoly lx* drawn. 'I’hi* ooal 
industry of India was n'sponsibh* for (ho appoint- 
iiion( of 1,70,000 persons in lO.'JI and (ho ou(pnt 
was valued in that year a( 0. .'J ororos of riipoos. Tho 
series of iiiinin<T disasters during; (In* last two years 
have revoalc'd faulty inethoils of niiniiifr ; and a (^lal 
IViiiunitlee lias been invos(ijra(inii for some months 
iOiprovements in mining with a view to dooroasiiifr 
the po.ssibility of aooidon(s and inoroasing the 
p<*r<*oiitago extraotion from tho <*oal seams, wdiiidi 
now roughly stands at 50'^/. 

The aoeoiints of tlio prooeedings iif this (%mimit- 
tee whioh have appeared in (ho Press do not imli- 
osite if the fundamental <niostion of tho proper 
utilization of seoond-elass ooal is Ixfing given tho 


attention that it de.sf*i*vos. Dr Kox estimates a ooal 
reserve' of LM),0()0 million tons nf ooal lying within 
1,00(1 ff‘c*t of tho snrfaoo, of whioh -l.riOO million tons 
only are (irst-ohiss ooal.s, and of the latter oidy 1,700 
million tons are (‘apabh* of ootiv'rsion into nietallur- 
gioal oiik<‘. 'rin* average annual output now stands 
at 21 million tons of ooal of whioh about Vi million 
tons aio eoking ooals of good <|uality. It is neires- 
sary (o oonsidor seriously whether tho ooal rc‘servea 
of India art' being propia'ly utilized and eai'h vari- 
ety of ooal is being used for the purpose* for which 
it has lM‘<*n bf‘.st fitted by iiatiin*. 

India is fortiinatr* in fifissessing almost inexhaus- 
tible iron-ore depeisits of the (iiiest ({uality in the 
world. The iron-ore li<*lds now being Wfirked in 
the Isobar ami ( )ri.‘<sa zone have a re.serve of .'{,000 
million tons. Aeeording to modern inetalliirgical 
praetiee.s, ;{,000 mi 1 1 ion tons of eoking ooal are 
necessary for the conversion of this ore-depo.sit into 
iron and steel ; and it w’ill be an extremely short- 
sighted policy to ii.se up our reserve of 1,700 million 
tons of coking coal for any other purpose. 

Unfortunately, out of the lil million tons of 
coking coal rai.^ed every year, only 2 million tons, 
at the most lib(*ral computation, are being u.sed for 
inetalliirgical purpose, tlu* re.st b(*ing used for steam 
raising. Taking the long-range view — which only 
the (invemmeiit of India can take and not the busi- 
ness m(*n intent on immediate [iroiits — the problem 



A FUEL RESEARCH INSTTIUTE FOR INDIA 

appwirs to bo not only to iinprovo mining niolhotlH 
with i\ viow <0 incrr jising tlio ]joroontage of e-\trac- 
tion fr( in TO <o So, Inl also to Ijiy (hjwn a chflnito 
])olicy wliioh will nisiiro that oaoh typo of ooal is 
list'd for tho piir|)os<‘ for whitdi it is most siiitod. 

'riio Indian railways an* now tlif? largest eon- 
siimors of eoal in India. They are run on purely 
biisinoHs linos' in the matter of their fuel re(|iiiro- 
iiionts. lly far the greater portion of tlieir needs is 
mot hy siipjilies of high-grath* eoking eoals. Kvoii 
the eo'd from (liridhi wineh is of extra-speeial 
(piidity due to its low phosphorus eontont is not 
.s])ared. The vasl deposits of higli-grade iron and 
manganese m’es in fiidia naturally raise the hope 
tliat in near future we wonhl la* prodii<‘tiig ferro- 
manganese for (*xi)ort, but tlie only <*(»al available 
ill fndia for tlie maiinfaetiire of ferro-manganese 
boeaiise of its low plio<|»horns eonteiit is now being 
rapidly wasted for steam raising. In Ainerlea and 
(jeriiiMiiy very inferior types of e<»al are imw being 
tested for use in lo<M)motiv(‘s in (la* form of pulver- 
ized fu(*l. Many Aineriean eiigifieers maintain 
that with the pr<*seiit developments as regards In'gh 
boiler pn'ssnre, liigh superheat and multiple expan- 
sion of till* st<'ain, there is no reason why with the 
ils(3 of pulverized fuel, tlie <iver-all effiei(?ney of the 
locomotive eannot at least, be iloiibled in the next 
few years. At tin* International Oniferenee on 
Bitiiminons (*oaI held in T. S. A. in 1!KU Uic* (lor- 
nmn engineers pointed out that in the Halle Distriet 
of (lerinaiiy pulverized fuel-tired engines were riiii- 
liing on an alternate schedule with grate-lireil 
engines, that this pulverized fuel was obtained from 
the low-grade lignites and brown eoals, and that 
tlie eomparative <;osts indieateil that the diist-lired 
engine would prodiiee a saving of 10, 000, /. c., 
about its own value. 

The* consumers of coal, be tlicy r.iilways or pri- 
vate enterprises, will howi^ver demand that if the 
non-eoking eoals alone are to b(? used for steam 
raising, industrial rc'searedi should be immediately 
iiiulertakeii with a vi<*w to inventing pi*ocess<*s of 
treatment of infc?rior eoals which will make tlie 
product more acceptable to industry. I'he fiiiida- 


mental problems of dc-u.sliing the coni raised from 
J^mgal, Hihnr and Central India, of desiil]ihiirizing 
till* coal raised from the tertiary deposits of Assam, 
of overcoming the te<dinicul ditliciiliios of processes 
associated with the use of pulverized eoal or eoal in 
. colloidal <*miilsion with heavy oil, can tuekleci in 
a Central Institiite of Fuel Research under the 
Industries Dopartnient of the (lovernmeiit of Iiulia. 

In (lermany similar ])roblems are being iiivesti- 
gatttd not only in research laboratories of iirivatc 
enterprise's and of the* universities but also in the 
inagnitieeiit laboratories of the Kaiser Wilhehii 
Institute for eoal research at Miillheim. In dapan 
the Imperial Fuel Research Institute, Saitaiiia- 
Kawagiiehi, and the technologi(*al labfiratories j)f 
the universities an* **ngaged in very thorough iiiv«*s- 
tigaiions on the. teehiiieal possibilities of the ci»al- 
diist engine and tin? cniiversinii of eoal into oil. 

In the riiited Kingdom rnndamental investiga- 
tions relating to the utilization of (he fuel resources 
have been entriistijd to the Kiiel Hesi'areh Hoard 
established in 11)17 by tin* Conimiltee of the Privy 
Couneil for Seientitie and Industrial Researeh. 

.\fter careful consideration of the whole fuel 
problem from the? broadest point of view, this Fii(?l 
Research Hoard adopted as tln'ir programme two 
lines of rcsi?arch, 

(/) \ survey and elassilieatioii nf the eoal seams 

in the various mining distriets nf tlie United 
Kingdom by means of chemical and physical 
tests in lh<* laboratori<*s. 

(//) An investigation of the ]iracliea1 problems 
whirli innst be* solved if any large pr<>pnr- 
tion of the* raw eoal at present biini(‘(l in its 
natural state is to be repla<*ed by the various 
forms of fuel obtainable from coal. 

The Covenimeiit of India have? set up a Coal- 
gniding Board with a view specially to classify the 
coals meant for (?xpnrt. ft is desirable, that the Coal 
grading Hoanl should be enlarged and transformed 
into a Fuel Hesearch Hoard ; and that ade(|mite 
funds should lx? placed at the disposal of this Hoard 
for condueiing researches riii the complex problems 
that must Tn? solved in order that Indian eoals may 
be better utilized. 
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Long-Range Porecasting of the Southwest 
Monsoon and Everest Expeditions 


5. n. Sen 

Indian Mi'tporolosi nl Service*. Poona. 

Introduction 

lOvKiinsr is by viob'iit winds and intonsf^ 

<‘oId and in addition, if llip winds aloft, liapiUMi to Im* 
woak, IVpsI] falls of snow ofl on midor tlio slopes of 
tin* siiniinit daiifieronsly slippery for days tofrotlier. 
( ‘onsiM|iiently, for a surprise attack on tin* peak, a 
season must In* eliosen wln*n the temperature is not 
too low and tin* Avind in*ith *r too stronj; nor U)o 
weak. On aeeoiint of thes<* limitations, the final 
assault has hitherto b(‘en eonniied to tin* bejjfinnin^ 
of tin* Tibetan summer, /. 6'., In*lw<‘en May and dune. 
.\part fnmi the formation of eyelones in the Ikiy of 
Ih*n^al and the Arabian Sea, the ehoiee t)f this 
seMs<in has tw<i serious drawbacks, r/;„ (he immi- 
nenee of tin* sontliwest monsoon and the rather hifrh 
fre(|ueney of the western <listnrbanees in some years, 
^rhe nionntaiinK*rs, therefore*, have to d<*pend very 
largely on luek in retjard to fresh falls (»f snow and 
the rapid fallinjr oll'ed the prevailin<r w<‘sferli( 

An expeMlitionary party j^enerally proee!(*ds to the 
Himalayas early se) that (In* membe*rs may have 
ample* time for slow aeelimati/ation, a pnn*ess so 
very neeessary to the dillienit. elimbiiijr operations 
above 25, 000 fe(*t level. The I‘]v(*resters, ther(*l<»r(», 
naturally like to bej^in their (‘ampai^n with some 
de'gree of confideiiee as tf» tin* weather ahead. A 
reliable loiij^-ranj^e foroeast <»f the establishment of 
the monsoon, if it eoiild be supplied, would eertainly 
bo a verj^ weleome addition to the elaborate ecpiip- 
ment neeessary for th(*se und<*rtakinjrs. It- is irein r- 
ally by tin* end of February (hat the meteoroloffist 
is ealled upon to furnish informally a pn^dietion (»f 
the pmbable date of tin* establishment of the mon- 
soon. In other words, tin* forecast has to be snpplh^d 


about tour months Ind'ore the normal <late of the 
establishment of tin* monsoon. A predict ion f>f this 
type is eertainly a seieiititie ^.‘irnhle, partienlarly 
wh(?n it is remembered (liat there are as yet no 
known rules for tlrawinji up a Ion«r-ran<;e forecast 
of this type. \(‘Vert)n*less, sine(‘ the author 

has, from tinn* to time, been asked to jrive mountain- 
eers his antieipatitnw rejfardin^ the |»rns|)eets of the 
pre-nionsooii and post-monsoon wt'alher and also of 
the monsoon. ]b*ports siibse(pn‘nlly received from 
(he parties eoin'eriied, on the aeeiira<*y of the predh?- 
tions of the average ehara(*ler of the W(^ather in th(! 
periods in i(in*stion, haw by no means been disap- 
pointing. This artieh' is but a mod(‘st venture at 
nolhiii^ more than ontlinin<r the process in which it 
was to make* (lu* best use of the available data, and 
wliieh has so far achieve*! fairly satisfactory results. 

.\s reyjards the moiisoMii, it may be worthwhile to 
note down fix* salieiil points (»f ;i protraetcul aiial^’sis 
of the tiaily w<*a(her ehaiis during December, Janu- 
ary, and Ff'briiary, h'adin'i; to fore**asts of (he desired 
typ**. The methotl whii*h is proposeil to be discussed 
in the following parat^raphs may, in favmirablc 
eireiiiiistanec^s, only indicate an e:irly, normal *>1* late 
estahlishiiuait of the monsoon ov(‘r Northeast India. 
The results, thi'refon*, .an* still more qualitative than 
(inantitative, ami further tests are in projjjress. 

The advance of the Southwest Monsoon 

The monsoon has tw‘‘ limbs over the seas, rtw, 
the Hay of I>enj>:al and the Arabian Sea branches. 
Ill India, systematic met**«»roloj»:i<'al ree*»rds <*xist only 
bir about half a century. In tin* cin*nmstance.s, 
we have to turn tt> the Sanskrit literature in 
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LONG RANGE FQRECASIING OF llffi 
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search of appropriate ^ references to the nionsemn. 
Fortunately there is a* classical poem, the chief topic 
of which is the monsoon and its progress through 
the country. It is the famous MeghtUUn or the 
“Cloud Messenger^’ by Kalidasa written jdKMit 
fifteen hundred years ago. The descriptions of the 
monsoon clouds and (»ther phenoincna over lu^rtlieni 
India and the Himalayas as given in this l>onk are 
surprisingly siinilar t) tliose of the modern iiumn- 
taineers. To cut a long sf(»ry short we shall only 
give an account of tliat poilion of the story winch 
is relevant to the present topic. 

An exile from Aloka (a city in the western 
Himalaya, near m(»dern Garbik), <*onfined at liatngiri 
(near modern Nagpur), saw the possibility of a 
communication with his beloved at Aloka through the 
agency of the drifting clouds at the ail vent <»f the 
monsoon. The poet gives ininntc directions t<i the 
clouds, travelling from liamgiri to Aloka, with a 
long list of stops, varying speeds and eaiitioiis as to 
the dotoiii*8 over the plains of northern India. The 
peculiarities of the cloud path fnmi Ti.imgiri t«» 
Aloka, a distance of over one thoiisaiid miles, as 
visualized in the Maglnhtla^ is no mere f.-iiitasy 
even from the point of view of tlie modern weather 
chai'ts. We can therefore conclude that, in amdiMit 
times, the motion of the low clouds from cast or 
southeast on a vast scale over northern fiidia was 
regarded as the eriterion of the establishment of the 
monsoon. Moreover, the descriptions of the progi*es- 
sive westwanl travel of the misty conditions and 
of rainsqualls from Ramgiri towards Aloka, as 
given in the various st$inzas of the poem, are sugges* 
tivc of the weather associated with the westward 
or “retrograde'' motion of the monsoon depressions. 
Again the exile at Rsimgiri is said to have taken 
the first opportunity of sending his message to Aloka 
by the agency of the easterly clouds. It may, 
therefore, be correct to presume that, approximately 
two thousand ye.*irM ago, the. biirat of the monsoon 
over northern India was virtually taken to synchro- 
nize with the formation of the first monsoon depres- 
sion ill the north of the Biy of Bangal. 

BCIBMCB B 
CULTUBB 


In modern times, the monai^A is 
vast oscillating and pulsating phenomenon. Its 
advance from the equatorial region northwards in 
the hot season and subsequent retreat from* the 
country in the autumn, unless accelerated by distur- 
bances, is on the average a gradual and rhythmic 
pi-ocess. Both these periods ara characterized by 
the presence of two moist air sectors, •normally, one 
ov<»r the Peiiiusiihi (approximately the portion of 
India sf)iith of latitude 20'^N.) and the other over 
the eastern half of the Bay of Bengal.* The dates 
of the :i(lvaiiec and retreat of the inonsooii at the 
surface, jis provisionally rccogiiizedt* is given in 
Fig. 1 basis of which is liowcver rainfall, which is 
certainly not a very trustworthy eriterion in all 
regions. It siiggi^sts that the advance of the 
nioiisoon is a much quicker process than its retreat. 
TIm^ corresponding diagraih for the iip|jer levels 
would show a considerable lag in the dates. 

Till* sailors in the Indian >vaters talk of the 
setting in of t.h(! monsoon when they meet wdth 
stmng sonihwesterly WMiids, rough seas and showers. 
For the aviab)!*, the monsoon is appaiTutly heralded 
by the advent of low clouds over large tracts of 
the country and a geii(*ral weakening and veering 
of the w(*sterlies at moderate htvels over the greater 
part of the Indian region and locally heavy rain- 
squalls along the Burma roast A layman in 
northern India, on tlie other hand, may easily be 
de(!eived regarding the eKtablishmeiit. of the monsoon, 
if by the end of tlu» hot season, general bjid weather, 
associated with overcast skies, fitful drizzles and 
intermittent rain with a persistent easterly slant, 
punctuated by heavy thiiiideratorms, continues for 
a few days. This is the C/taia liiirsat or the little 
monsoon and, as the name suggests, it is a marked 
but temporary advance of the monsoon. 

From the point of view of the forecaster who 
aspires to predi(;t the date of the arrival of tlie 
monsoon, unfortunately none of these pictures 

*Cf Table 1 for frequency of storms in the Arabian 
Sea and the Hny of Bengal. The tendency for formation 
of long troughs in the sea areas in the pre<inonaoon and 
post-monsooii months is also well known. 

t According to criteria worked out by Baau S, Iyer 
V. D. and Savur S. R. 
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provides i\ sun* (‘rifenon for the (‘st:i1)lishiiic>tit. of 
the monsoon (»ver tlu‘ phiins, not to speak of the 
mtoria which may satisfy the Kv<‘rest (diiiilxM^s. 
The riM'teorolo^ist has, therefore, to strive to 
a definition hend't of all accidents. us now see 

wlietluu* a specili<*atioii ata^eptahlc to both the 
laymsiii and the professional may lx* drawn np. 

The specification of the Monsoon for Northeast 
India 

It is cliieHy on account of the marked thiinder- 
shirm activity over N<»rtheast [mlia in May and 
dune that the rainfall <*an never be a clear criterion 
for the establishment of the monsoon over that 
rcjyion. The storm tnicks in tin* Ikiy of Iten^al 
show that appretnable r(*tro^rade motion of <ry(dones 
is seldom noticed in April, while in May the same 
remark holds above hit. IS^N. In .lime, however, 
an abriijit chaitixe appears and the majority f»f the 
cyclones not only ori^rjnjite to the north of Lat. 
IS°N. but also move, in a rctrojiradc direction. 
This siuhlen tivmsition bctw<*eii May ami .lime is a 
dehnitc event and is associati'd with the more or 
h*ss pm'iiianent seasonal, backing of the np|XT winds 
over Ikm^al from southwest to south and southeast. 
The most important comlition, therefore, is timt the 
avcrajre depth of the .southerly current should not 
be less than 2 Km. during imdistnrbed weather. 
The boundary etf*c«*t of southerly winds of this ave- 
rage thickness blowing .Mgainst the ea.stern Himalayas 
genendly brings into existence a sort of deformation 
field and the .southeasterly branch of the monsoon 
ciirnsit pniceeds np the Oaiigetic plain and the 
southwesterly branch to .Assam. This criterion 
appears to be a suitable one for nnutnei} fixing the 
date of the establislniuMit of the monsoon over 
Northeast India, independently of the rainfall. 

The identity of the Monsoon Current 

From a .study of the monthly normals, it is sec!i 
that^ between April and May, a certain steadiness 
appears in the dry and wet bulb tern perati ires in the 
extreme south of India and the former begin.s to fall 


ill the^ (Mpiatorial belt. From May oiiwimls, a ]ir<r 
gmssive fall in both the tenipcratim*s eoinin(*riees in 
the .south and the two waves of tmnperatnre-fnll 
praetieally sweep the whole eoiintry by the end of 
Aiigii.st. The fall of the W(‘i bulb temperature is 
feeble and the wave travels much sIowcT than the 
one of marked dry bulb fall. It may also be recalled 
that the first spell of widespread rains(|iiall.s over 
(\‘yh>n in May is .supposed to herald the entry of the 
monsoon in the Imliaii area. 

These facts appciir to suggest that the inon.sooii 
advances at die surface as a cold front ' in relation 
to the hottoin layiT of the hot eontimmtal air outside 
Northeast Inilia. In the (Mrimmstaiiees, the magni- 
tude of scale of interai'tion Ix'tween the .southern 
winter and the northern summer may be determimKl 
only after eliminating the purely seasonal elfect in 
the same air mass. lA»r the pr«‘.sent, however, tho 
causes of the monsoon may be sought in the Nor- 
thern Hemisphere in g(‘neral and the Indian region 
is particular. 

The Principal Air Masses in India 

The various air mas.ses over India have alreaily 
Ixx'ii elassifieil in the ehaptiT on ''Himalaj’aii Meteo- 
rology’* ill Ibitlhslge’s Kmrs! tUiVi, \ rocapitn- 
lation in a slightly ditlereiit form and with soiiidhing 
by way of an addition may notjbe out of place here. 

The general eireiilation of tin* atmospIxTe over 
the Northern Hemisphere is depicted as a large belt 
of w<*st<*ilif?.s rfmiid the North Pole, whilst another 
gi’cat belt of easterlies jircvail over the cr|iiatori:il 
region. In the nortlxTii winter, there is a sonthw^ai’d 
advance of the we.st(*rlii*s into Fxtra-Tropieal India 
(/. c., roughly northern Tmlia and Tapper Burma) 
and ill the hot season an ineiirsioii of tlie easterlies 
takes place in the same region. 

(n) IlinKilfiijnu Air — Kor the Indian region, 
the Himalayan air may be eonviMiiently divided 
into two braiieh(>s, {/) tiie western Himalayan 

air having a northerly or nortliwo-sterly trajectory 
over the greater part of India and (//) tin* east irn 
Himalayan air having a northeasterly or easterly 

1. Ind. Met. Dept. Sc. Ndee. Vol. HI, No. 1M. (;ii»sli T.N 
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tnijoctory nviT Xnrllic.ist mikI r>iirm:i. M’ith 

tli<* |)n)i;r<*ss (if (li<* sr;is»>ris, tlic Iciwcr Inycrs, nt :iiiy 
of llic wrslrni I lini:il;iy:iii jiir, nndrrjro lurm* 
tcill|M'r:i(lirc VHliMfinllS ms it |||»WS llnwii fill* VJISt 

liidiMii pl.'iiii'^. 'I'lii* l^■lst(‘nl IliiiiMhiyMM Mir. on tlir 

nllirr IimihI, i" heller nhle tu relMiii its iiieiitity :i> :i 
cold enrreiit in tlie hnltnni l:iyeis hy llowin;; into tiu* 
li’iy of IJeiijXMl mIoiiii: eiHiipMrMlively slmrler routes 
iieross I lie phiiiis n|' i>enirMl Mild l>iirii)M. 

(ft) Afrit tm Ait ttr fltr HV'.s 7 e//// hriff^ — 'riii>< 
eiirreiit hriiiir.'* in dry :ind wnriii nil* neross Ai'mImm 
iiiid I*<*rsiM in westei’Iy Imji'elories MppMreiilly orii»i- 
iiMtinj; Miiiietiines uver the SmIimi’m region. Willi the 
.•idvMiiee oT I he western di<lnrl)Mnee',*r there is :i -.liin 
III ihe Imjeetories lo ^iMiih\ve>t Mild tlii^ nir iiim.'«> 
heenmes more mimI more moi'if in the lower Inyei’s m^ 
.its Teteh over tlie Ai'mImmii Sen inereM'^c‘'i. Il m 1 >o 
becomes moisi in the npp<T hiyers I hroii^ih il s <*011- 
tiiets with the eiiiiMloriMl nir. In I In* upper levels th(‘ 
!iir oil I'M peneliMtes jin I'm I' ms the Iimv oF lieiij^Ml Mini 
Ihirniii in the renr oF the western IliiiiMhiyMii eiirrent. 

(/■) Thr EtiiinltH'inl Air- 'riie easlerly eirenhi- 
tion over the eijiiMtor, which is the storehouse oF 
h(*Mt Mild moisture, niMy he enlled the eijUMtoriMl or the 
tro[iieMl eurrenl. In the jiri'-n ion soon Miid post- 
inonsoon months, the otV'^hoots From this eni’reiil in 
. their norlliwurd inenisions mix, iiiMinly i.n their 
bottom hiyei's. with pnlehes nF the old imid air over 
. the Ihiy oF iJeiiirMl or the AiMhiMii Scm. In “Ilima- 
hiynn Meleoroloiry”’ this mixture was deserilied ;is 
the Ihiy and the Arabian Sea air re.-'peelively. 

'riie air mass (</) and the portion oF (//) liMNin^ 
westerly ti’ajeelories, /. e., Ilowini^ over land areas 

* In I liiinil:iy:iii the ex])i essidii w.'ls iiseil 

ill a cliffert’iit sense. 

i* The westeiii ilisliirhaiier'S eillier oriirinate in the 
southern hairi>|>(‘:Lii an'a am) travel e.'e.t\\arils lliroii^ll 
Iran to tlie Imiiaii rej;iiiii or fonii loeally in Northwest 
linlia mostly over vSiinl aiul llalnehistaii in the hot 
se.'ison. They are of Iwo types, ilrv ami wet. The latter 
type, j^lviiiji moilerate to heavy rainfall, draws its moisture 
from the eciuatorial cm rent e\en in the winter. 

2 . Ert^resl pnhlislie.l 1 >\ Ilodder and Ston^toii 

hid, W \. 


mainly, may be called the eontinental air and (r) 
alonjr with the ]H)rtion oF (//), havinnr .s(Mitliw(>.st(>rly 
or lon<r trajectories over the .sea area.s, maritime air. 

Hie prognosis of the Monsoon 

'The apjiroaeh oF the western distnrbaiiees, espe- 
cially oF those which travel eastwards north oF 
K'aslimir, shows how the .VFrieaii air aids as the 
dryin*]: atrent parlieiihirly over Xorthwi'st India in 
the retreatino; monsoon perioil. From Seidemlier 
onwards, the passino- away oF Ihe di.stnrbanees across 
the same rei>ion iisliers in winter conditions over 
Xoiiliwest India. 'The proi-ess rroes on and the How 
«>F the wes|(‘ni llimahiyan eiirrent is Furl her aiijj:- 
nienli*d by the Formation oF cyclones in tin* sea areas 
nnlii stable winter <*onditions are established ovi*r 
Ihe whole oF India ami Ihirma. I‘'iii:. *J, which is .si*IF 
explanaloiN. represent'^ more oi* less the undisturbed 
winter disposilioii oF the western Himalayan and 
the eiinatorial mirrents From thesnrFaee up to (i Km. 
with a stationary disemilinnily separMliiij^ them. It 
is seen tlial in the wintm', by Far tlie iimst tlomiiianl 
air mass over the Indian region is tlie we.siern 
llimahiyan ail*. 'I'he story oF I he n^radiial destriie- 
lion oF this air mass, Im'Iow 10 Km. or ‘^o, with the 
|»roy:re.<s oF Ihe hot seasons, im;»lif lo provide m cine 
to the Follow! n.i>; monsoon. 

For the Ihiy oF Heii'ial branch <d the monsoon lo 
advance in one irreal sweeji From Ihirma up the 
(Jaiij'eli** jilain. or the Araliian Sea branch From 
Malabar-Konkaii into (bijarat and the central 
parts (d' tin* eonnlry, the western Himalayan air has 
lo be pllslied away westwards. 'The be.alint!: back oF 
the IlimahiNan air, however, has to be an intermittent 
proi'c.-s, jiivinu: rise to marked spells oF flninder- 
sttU’iiis over tlie eomilry diiriiiw the lioi season, oFten 
synelironi/.iiiij: with Ihe Formation or passa^i* oF 
dislnrliance.s, 

Tlie dc.struction of tlic Western Hiinalnyan Air 

r>y till* end oF ilamiary, a “lilm’’ oF the western 
Himalayan air covers the irreater part oF tin* eonnlry. 
It is a slratHied layer about 0. o Km. in thickness 
and is built up slowly From September oiiwarils, 
ehielly t.hroii<^h the katabatic proee.ss. From the 
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bcyjiliiiiiijj; of tiu* hot sc.isoii, thrn? is a ^lailiial rise 
ill llu‘ dry and wet bulb tcinpcraliircs and llu* liliii 
dins losos its stratification. 1'lic stratification in 
tlic upper lay(*rs, however, is i^eiierally broken up 
more (‘asily f ii.'in at the bof fom, bceaiiM* air af these 
levels is brony:ht in by widely ilil]‘eieiif f rajeettn*i(‘s 
fhroim'hont the year. 

'riie western Himalayan enrnaif has threi* weak 

eonli^nraf inns, (/) tin* font of the Himalayas 

when* siirfa(‘e eonditinns e.xfend to (‘oii>i(h>rabh‘ 
heights and warm and moist air haviiiLi; access to tin* 
snb'flimalaya tends In remain there, (//) the d<‘sci*ts 
of Sind and fiaj|)iif ana the la'aline elVert nf whi<‘h 
spreads, and (///) the eeiiiral parts of the 4*nnntry 
over whi<‘h it habitually di\ <'i-}ie«'. A \ iirnr<in- and 
snstaimal attack nf the African air nr the equatorial 
air «ieliveretl at any of I hex* places is likely to 
nndermiiK* permanently the prr-;i-'l<‘ncy nf I he wes- 
tern Himalayan enrreiif. Any lair in tin* st^a^'Oiial 
heating :nid addition of mni'^tiire may be made up. or 
the rati's aceeh-rafed beyond the norm!i!, by di'^tnr- 
banees. I^'roni the end of the \Ninter the pa'^siije of 
the western dist iirbanccv nr the fonniitioii of ey- 
eloiies in the sea area^ iieiieially brinir*< about any 
of the follow'iiHJi: ehaiiee*' : 

(ff) ^Id’.e esfablishmeiit of the African current 
eaiisinjx a marked •md wide-pi-j-ad he.atiiiir t)f both 
the wi'stern Himalayan and ei|natorial (MirreiitH. 

(h) 'rile iiM-nrsioiis »»f the equatorial into the 
westi-rn Himalayan air over the central part- ; iimI 
oflmi as far noi-th as the I'nnjab or the I'niteil Hm- 
vinees, across the I'ast e«»ast o| India. 'I he siib.so- 
qiieiit vei'i'inii of the forim-r while wifhdrawinu: into 
the Hay of l)ene;al adil- ln‘at and moi'*fnri* to tin* 
entire leliiilh of the latter llnwiirj; over the ( Jaini^-tii- 
plain. It is usual for (/d to follow (a). 

'rin* np|)er and lowi'i* limits and the most lr«*- 
qiieiit, oemirrenees of the variiiiis disf nrbam'es may 

now be set ont as in 'rabh* I. 

It n(M*tl hardly be mentioned that the ln*(ineney 
of tin* tlistnrbanees in a year is hardly a measure of 
the disturbed condition in that year. In any ease. 


troiii the point of view of lonjr-ran^i* pre<lietion of 
the establisliineiit of the monsoon in Northeast 
liiilia, the only reihM'inin^ feature is that tln^ varhi’ 
bility of the weather in the liav of ik'iijral is not so 
jjH'at from March to May as between dime and 
November*. 

Interaction belween the Himalayan and llie Equa- 
torial currenl.s in the hot .season giving birth to 
the Monsoon 

In order to -tnd> the interaelion of the threi* 
principal aii- m.i-'-es, a knowh'dirr of tin* s(‘asoiiaI 
temperature and Immidily id' each in tin* vaiions 
h'vels is e— ^I'lilial. In the ab-ence of more or less 
-imnllaneons melioroeraph a-ceiits at dillerent 
places between the Hiiiialor and the 1 1 iina hiyas, it 
is ditVuMilt to prndnee dire« | c\ idi nee as to the 
resjM'4-tive jiropert ies of (he three air niass4*s. |•^>r 
the jMirpove., of this paper we may eoiiline oiir 
attention to the tran-formation of the (‘(piatorial 
current. Let iis attempt :i ron,L>h mental pietiiri* 
id’ the virtual temper;ilnres at the .-everal lev(*ls of 
the two air ma— c- in the winter and -iimmer. 

It may be noted here that there ale a few llieteo- 
I'oirraph a-eents eener.dly support ini»‘ the data set 
out in 'I’alde 'J. The teinperal nre- L^veii inendy 
eoiitem|datc the eont ra.-t which may e\i^l between 
the eqnatori.al air over the Vndamaii Sea and Pdand- 
ford’- thermal focus. 

Ihnnirinr- W ithout uoiiiL'' into details, it may 
brietly be .-stated t hat a critical examination of the 
ch.irt- of the di.-tribiition of iippm' wind.- in eaidi 
le^el .-liow.s tlia! llie dail> ehaii'ji '. in the various 
nieteoroloirical element- and the weather can best be 
explained if it i- a--nmed that any two eiirreiits 
tend to diverge at tie* line id di-cont innity betwe(»n 
them, proviiled there i- a enii-iderable dire<*t opposi- 
tion bet ween the two air movements, t hns brine;in;r 
a defoniiation tield into exi-tenei*. 

'Tins imliulcs llie eporli nt tlic ).;i caic.sl v.'iiialiilit v 
ill llie llav of llelij.*.il, e/,;-., |nl\ in Se| itellll lel , cllicllv ii\vill|^ 
tillin' riii'iii.ilieii of leelilc r\i-loiiic ciri'nlatiiiiis over land 
and hc.’L. 
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^Psiblo 1. Kreciuc*rK*ios of <listiirbanc(»« in tho Inrlinn rogion. 
(Poriod 1891-1935). 


Frequency 

Jan. 

h‘cb. 

Mar. 

A]ir. 

May 

] 

June 

July 

Aug. 

Sep. 

Oct. 

Nov. 

Dec. 

Year 






WKSTKRN niSTPUnANCICS* 

(in tho neighbourhooil of Northwe.st [ndia] 




Maximum 

9 

8 

9 

9 

8 

fi 

5 

3 

5 

7 

6 

11 

58 

Minimum 

1 

2 

2 

1 

0 

0 

0 

0 

0 

0 

0 

0 

7 

.Most frequent 

4 

5 

4 

5 

0 

0 

0 

0 

0 

0 

3 

4 

26 






HAV C)I- nHNtlAI. CYCI.ONK.S 
( incliitling feebl" oyelonic riteiilalions over sea ami coast ) 



Maximum 

1 

0 

1 

1 

2 

4 

5 

5 


4 

4 

1 2 

i 

19 

Minimum 

0 1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

! 

8 

Most frequent 

1 

0 

1 

1 

* 

' 

2 

2 

2 

2 

* 

! 1 

[ 

14 






ARABIAN SKA CYCI.ONKS * • 

( inelmling f«»eble eyehniie cirriila«ions over sea ami roast ) 



Maxiniiini 

1 

0 

, ^ 

1 

2 

2 

1 

1 

2 

2 

i 3 

1 

6 

Minimum 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Most frequent 

0 

0 

i " 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 


• The stati-tirs for western distiirhaiiers are necessarily iiicompicle. Moreover there have hcen changes in the praetiee *)f 
rountiii;; tli<. flistnrhanres from time to time. 

■ • Kxeliulinj; western (listiirhaiices travellin« over North Arabian Sea. 


Table ' 2 . Virtual temperatiin's in degreos Kalirr*iili<*it of pure air masses assuming unirorm 

lap.s«» rales (liypothetieal). 


Air Masses j 


Winter 





Slimmer 



1 

; Surface . 


Ileiglit in Km. above M. S. 

.. 

Surface 

Height ill Kiii. above M. S. 


i 

1 

1 * 

i 

3 

4 

5 


1 

2 { 3 

4 

.5 

1 ' 

. Equatorial ' 80 

72 

1 

rj6 

48 

40 

85 

77 

69 1 61 

53 

45 

Western Hinialavnn 60 

1 

49 

1 38 

1 

27 

16 

5 

98 

83 

68 ; 53 

38 

23 
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Sninr bciiiitifiil ('xainph's of syinnu>tn(‘:il and 
div(*rK(’iit strosini linos* in llio (wo air massos, 
wostfM’ii lliinalayati and (ho (M|iia(orial, aro to ho 
found in tho wintor oliarts, parlioiilarly for (ho 
modorato. I(*vols. In (ho ovont of any lar^c‘soalo 
and diroot, opposition hoinji ostahlishod, (Ik* wostoni 
Himalayan air divorjjjos into (wo main oiirronts, o/;., 
tho norlhoaslorly and iu»rthwost.orIy. Tho oipiatorial 
onrnmi, tm (h(‘ o(hor liand, is split into two hranolw^s, 
tlio nortluastorly and tho smithwostorly. 'riiis 
romarh a]ipli('s to disoonlimiitios hotwoon tho air 
massos at tho snrfaoj* and tho iippi'r lf‘vols, whorovor 
thorc is oppositinn. Tho oxiont of tin* dovohiiimc-nt 
of each of (ho hnir limhs in tho varimis l.ayors 
ovidondy dop<'nds on many fai tors. It may, how- 
ovor, ho |)ointod out that tin? m(‘an s(‘asonaI posi(inn 
of tho lino <»f disonntimiity in tho various lay<‘rs 
oiiiflit to dotorniino tho roLrioiial pr(*valoiio(> of (ho 
southwostorli<*s ami norlln*as(orli(‘s. In Maroh, for 
o.vami)lo, w<* may suppose* (hat tin* moan lino of 
disoontiniiity runs appro\imat<*ly, say, from Coylon 
to lowor Ihirnia. Wo e*an tln*n imairino a shift 
e»f this lino lioelily muthw<*stwards 1 m*Iw(‘oii Man*h 
and May, with a siiitalih* antioloe-kwise* rotation, 
siipt'i'iinposod on tho nmtionof translation, until tin* 
lino disoontiniiity strotolo's from sonn-whoro in 
Assam riy:h(. into (ho Arahiaii Soa, (hiis ove*ii(i. dIy 
ostahlishin^ (ho southwest mon-'oo'i ov<*r (In* Indian 
rotfinn. In ae'lnal prae*ti<*f*, howe*v<-r, (In* sininwitirs 
of tin* lin(*s of elisooiitiniiily in tin* W(*s(i*rii 
Himalayan oiirr<*nt has to ho oemsidorod. 

MintsftnH (n'ittin (ind the TnutsitinH Ltnjvr—\\ 
is (*h*ar from tin* proe’odiii}:' para<iraph (hat a siis- 
t.'iinod onnve*rm*noe* I)(*(woom (In* wostoni Himalayan 
ainh (*i|iia(oriar oiirronts in tin* holtom lay(*r is 
in*e*ossary, so that (In* sonthwe*s(<*rly linih of (ho 
Iatt(*r e*an jxrow st<*a<lily fn»m month t<» month. 
Tahio 2 shows that tin* o(|natorial air is ln>tt«*r than 
tho Himalayan air in (ho wint(*r at all h*vols and 
this oontrast porsists in tin* siimnn*r ahove* a (*or(ain 

* rieMierally fo);, I'londiiiess m llnniil<*rsloriiis oci'ur 
the axis of cxtcMision. 


lovol, whioh may ho oallod tho transition layer*. 
Tho In'i^ht of this lay<*r ahovo a o<*rtain place 
increase's with tho aelvanoe* of tin* hot se*ason (Vide 
1 ahlo. XII, “Himalayan Motoen’olojiy*’). It is e'h'ar 
(hat he*low this laye*r (lion* woiilel he* an ine'iirsion 
e»f (he* (*f|iia(eirial iiitei (ho he*a(e*e| wo.st(*rii Himalayan 
air, thus •iivinj; rise* to a porsi>(cn( e*e»nvorj]je*noo 
mainly in tin* hotteun layer oi (he* (wo air mas.se.s* 
Tin* point at whioh tin* axe*s uf (he* eh'feirmatiem 
(ie*lel e‘nt may he* I'alle'e! (In* iHnHsnnu o/vV//'/#, 

It ii.-^iially lie's Mve*r I lyele*rahael ami (ho ( Vntral 
I I ei\ im*e*.s he*(we*e*n May and »linn* ami (he*n move*s 
ne>r(h west wards. ( )noo tin* oonvoroemM* is e'slahlish'* 
oil the* e*e|iiatoriaI e*iirre*nt ih-v.-lops iwe* hranohe's, r/;., 
(he* siinthwe*s(e*rly ami (In* se»ii(ln'as(e*rly. 'Flio for- 
me*r e-xlomls fnnn f ho ( 'rniral Provinoe's (o A>sam 
ami is prorniin'iit iinmially from |•^*hrll;lrv onwarels. 

1 he* hiir^t ol (ho monsoon indioatos a rapiel 
liltinuf eif (he* traii.oilioii layer ae'i'iunpanie'd hy a 
jre'iioral •<hift id‘ (ho winels holow (o (In* se»ii(hwe‘st, 
(In* lilt he'iiiir niiie'li jrn'ati’r ove'i* (In* Pt*ninsula, 
niiiTiia and Nor(hi*ast Imlia than ove'i* the* rest of 
Imlia. Tliis siidiie*n e*hanjie* may eM*e*iir a( any time. 
he*(we*e‘n .May ami »liily ainl hence* (he* variahility in 
(he* elate e»f (ho on-o( of (ho ( hnhi Hursid and 
that e»f the* e's(ahli.shnn*n( of tin* monsoon. 

CliinaU)IoKiral e\ iclcnce 

1( is intorostiiii; to note* (hat smiM'timos, frenii 
tho usual siiriaoe* e*Iima|f>loirie*aI elala, siie li as (ho 
de*pai‘( iii'os li'om inerma! ol (In* moan maximum ami 
minimnm (ompe*i at lire's ainl nl roLiiemal rainfall, e'te*., 
at the* e'lnl ed wintor eer tin* he'erinnimx eil siimme*r, 
the* suhs<*(|ue*nt ln»t we*a(he*r nn'e-haiii'^m ed the* ael- 
vam*e* id (ho iinai'Hiiim cjiii ho an(ie‘ipate*el if due* 
|)re*e'au( ieiii is (ake*n in the* inte*rpre*(a( iem ed’ (In* 
elata alon^xvith tin* avi*raiTo up|M*i' wimi t r:ijoe'(orie*s. 

* Tin* iiiti'iisity Mini iliii'i-iinii eif iimv fiiifiii of :i l'^oUlno 
iipiK-ar to eU]u*inl eiii the- lie-i«lil of tin* tiansilioii lcve*l in the 
iioijrhheniil-.eiful. Tile* iiie^lioii r»f c-wMoiws ill suiiitncr ami 
nntniiiii appe'ars tei hi' n*lro<^rMil(* if tlic ri iilre- is in the 
.southeasterly or iieirilii-MsiiM Iv hi .inch. Mini notiii!i] if ilie 
centre is in tin* soiith\ve>lcrl\ hiMiich of tin- e‘(inMlo'*;il 
current. Tin* "see* smw" eli;ir;ii o • t.f c\<'Ioni-s • la nj 
Hay, in epiick .succession, ni.iy aKo h.- t \ji;;nii •! in i’.. v 
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iORG RANGE FORECASTING OF THE 
‘SOUIHWEST MONSOON 

Py February or Maivli tlu* doiniimiicc of a given air 
isiasa' over a region may bo recognized on the 
monthly climatological charts as follows : — 

; (a) The Iliwnhnimt -by a signiticaiitly 

lower maximum and niiiiimiim (oinpcrature than 
the normal over practically the whole of tlio Indian 
[region. 

(h) The lujttaforial air — by a siguificnntly 
higher minimum Ilian the normal over the region 
roughly to the north i)l’ hitiinde 

{c) The Afriraa air — by a signilicantly higher 
maximum and minimnm than tlie normal chiefly over 
northern and ciMitral India, particularly the hill 
stations. 

With the progress of summer the criterion (r) 
also applies to the surface? where overheated western 
niinalayan air mixi's witli the eipiatorial. 

The Comparison of a year of early Monsoon 
with that of a late Monsoon 

As the hot s<*ason advances, tin? moist wind sect<»rs 
over the Peninsula and (he Bay merge into one with 
the growth of Ihe .southwest(?rly branch of the ccpia- 
toriul current and tin* decay of the western I lima- 
Inyan air tongue protruding out into the Bay. This 
large moist wind sector has an (*ast to westward 
oscillntion and if this movement is pronounced then 
there may be an early advance of the monsoon into 
Bengal. The associaled depth of the monsocm cur- 
rent and precipitation, however, may not bo such 
as to interfere too much with the work of the ex- 
peditious to th(‘ eastern Himalaya until the first 
monsoon d<*pressioii d(?v(*lop.s in the northeast angle 
of the Bay. 

K ■ A concr(?te example of the use of the various 
•■criteria may now be giv(?n. As a repre.senfcitive year 
of an early monsoon and that of a late nioiisooii 
from the jioint of view of the JOverester, the ycai>i 
1933 and 193r> r(‘spectively have bcM'ii chosen. For 
the present this is all that can be done In the ab- 
sence of nonna Is of upper air data. Acconliiig to the 
^existing criterion of rainfall the nion.soon was estab- 


lished in Bengal on the 22nd Mtfy in 1933 and tm 
the 20th June in 1935. In order to illustrato the 
difTercnce between the two years ns bneily as possi- 
ble, the mean monthly winds ^ at 1 Km, for the two 
Febriiarios and at 6 Km. for the two Junes have 
been plotted in Figure 3 (axis of extension not 
shown) which is self-explanatory. In the diagnim, 
the data of the departure of the mean minimum 
temperature from the normal and also that of the 
mean mitiimiiiii in February 1933 and 1935 respec- 
tively for each station have also been plotted. The 
maximum tempernture data are shown in the appro- 
priate 1 Km. charts for the two Februaries and the 
corresponding minimum tempernture data in tin* 
fl Km. charts for the two Junes for the sake of 
economy in diagrams. The regions, in which min- 
fall was higher than normal in each of the months 
are .shown as hafebed areas. These regions of oxces- 
.sive rainfall generally snppf»rt the more or l(\ss 
idealized traj(*ctones drawn. It may b(^ nuMitioncd 
that both in 1933 and 1935 the several trajocloib's 
of the winds at each level, as shown in the diagram, 
liave also the support of the daily analysis of charts. 
Moreover, the net climatological etleet of February 
1933 are : (fr) An appreciably higluT maximum in 
Uie whole of the submontaiui region. This shows 
that, as soon as a dc?formation fitbl appeared in tlu* 
tropical air over Nortlieast India, in May the soiith- 
ea.sterly branch could easily advan(?e northwest- 
wards and strike at the source of the western Iliuiii- 
layan air. {h) The markedly higher minimum 
temperatures in the central parts of the country, as 
compared with the corresponding data for February 
1935. This shows the dominanee of the eiinatoriai 
air over the central parts of the country as early as 
February, '[fhe chart of iipp(?r winds at 1 Km. for 
February 1933 unmistakably shows that there w.as 
a marked incursion of the ecpiatorial current into 
the centra! parts of the country that year. More- 
over, the Kouthea.sterly branch of the incursion 
tended to ]ieiietrat(! Ilajpiitana across the Viiidyas. 
These facts suggest that in 1933, with the pn)gre.ss 
of the hot season, the western Himalayan tongue 


Resultant flirection of winfl and mean speed regard- 
less of directions, vide Upper Air Data of the Iiid. Met. 
Dept Vol. VI, Part 13, 1933, -Vol. VII, Part 13, 1935. 
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LONG RANGE FORECASTING OF THE 
SOUTHWEST MONSOON 

was caught iu the southeasterly braiicli of the 
advancing equatorial air and hciicc the traiisilion 
height grew rapidly ov(T the (Jlaiigeth^ plain bringing 
ill an early monsoon. Those features wi^rc entirely 
absent in the corresponding chart for February 
1935. The most remarkable difference, however, 
is to be found in the trajectories of the eriiiatorial 
current in the U Km. charts for the two ilunes. In 
June 1033 the growth of the tropical air to the 
phenomenal height of 20,000 ft over the liaiigetic 
plain effectively brings out tlut chara<‘ter of the 
abnormally early monsoon that year, for the 
Everesters. 

It should be fiointed out that long-raiig<‘ fon^casts 
of the time of establishment of the nmnsooii over 
the Ever<‘st region, based on this nu'thod of analysis, 
may not be fulfilled owing to any of the folhiwing 
causes arising in the hot season: — 

(0 l.hiscasoiiabic outbursts of the ^vestern 
Himalayan curreiit in the shape i»f cold waves from 
the Northwest Frontier to the head of the Hay <if 
Heiigal thus lowering the transition layer. 

(//) FrcMpient outbursts of the African current 
in the shape of heat waves, which being "\saiuF 
wiclied’* between the WTsteni llinialayaii and the 
iMpiatorial currents, heats up both, 'riiis current is 
usually refused admission into the Indian regum by 
the characteristic v<!eriiig of I in; westerlies <iver 
Northwest India on the eve of the monsoon. 

(///) All outburst (»f the eastern Himalayan 
current in April and May giving rise; to a huge 
number of cyclones in tin* Hay of Heiigal, if the 
fitraijittg balance^ between this and the e<|uatorial 
is lost frecpiently. 

(/r) An outburst of the eqmitorial current asso- 
<‘iated with disliirbaiices outside the Indian region. 

hVom the point of view of long-range forecasting, 
however, all these factors of iiiicerfainty need not 
arise in any particular hot season. 

4. American M, W. H. June p. I'KI Richardson 

R. W. 


The method of forecasting developed in the pr«<^ . 
ceding paragraphs ivcpiires that the effects of the • 
reiHMitcd niishuighls of the eipiatorial and the Afri- 
can currents (nr westerly drift) should be carefully, 
studied from September imwards to determine the 
life-histiiry of tlie building up of the continental air 
mass over India during tin* winter. If the avemge 
wind structure of ea(‘li month is know- n, say up to !; 
t) Km., then the “stock-taking'' by tlic end of winiert 
vix., Fc'bniary* si»ems appropriate, this being the\' 
only month singularly free from cyclones. Wc can 
then form a rough idea of the proportion of iinmixcd ^ 
western Himalayan air and its boundary in the 
enormous coiitiiieiilal air mass built up over India.; 
During each spc'll of disturbed w(*ather from Febni* • 
ary onwards, the liiuvs nf diseoiilimiity in the various 
levels give a good indieatum of the extent of tin- 
dermining of the westtu'ii Himalayan air mid of ita/' 
Kuhsc(|ii(mt r(‘covc»rY. 'i'lu* eychme tracks in ApriK V 
and May also supply similar information. A surer 
and iiincli less arduous method of daily survey over : 
the eoiintry w'oiild (‘crtainly be an inexponsivQ 
deterininatioii of (ti) tiMiiperature ahift, (h) pressure 
lapses at lea.st in the first t>vo kiloiiu*tres, and (c) 
the growth of the height of winds from a southerly 
direction ahovi* ground. 

dwta liarsnt — Tlu*re is a speeijil climatic 
peeiiliarity of Xorllu^ast Indi:i, which may give rise. ., 
to some misunderstanding as to the establishment; - 
of the monsoon. In some years, the mouth of May« .. 
generally in th^^ later half, is ehara('leri/.ed by 
widespread nor’ westers'' in and around Heiigal ' 
persisting for days togetlier and thus giving rise 16 
the iiiipressinii nf an eai-ly airiviil of the monsoon. 
As a matter of fa<‘t, tiu^ pli(Miom<>noii is known in 
India as tlie (Itotn Ibirsaf or the little inonsoon.;::; 
and is n*garded as the precursor of tlie Iinra‘ 

* 111 January, l'd)Mi:irv, anrl M..rc1i of some I'ears {$. g,^ 
PJOI ami P)0I) the western disUirhances appear to have a 
marked tendeney to form into well marked ryclonie circttlai* 
lions near Gujarat and then' travel across the country to the. 
north Bay of Bengal. 

5. These are caused in .March, Ajiril, May ami June by 
the flow of the eastern Himalayan air below the transition - 
layer, the western Himalayan air being ineflective oft 
account of the formation of the transition layer over North- 
east India. Vide .Sen S. N. Nature }nn. l')31, p. 128. ;; 
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liarsnt or tin* bijr monsoon. 'Plio int(TV!il hctwc'cn 
the two iiiiiy lliictmito I'roin ;i f(*w tlsiys t(» a fc*w 
weeks. The ^^(‘m rsil oritei-ion |■(n• the ('hofn liftrsaf 
ill Noiih(*{ist India appi'ars in bo the [irosiMioe nl’ a 
jrood and oontinnons supi»ly of li\o eastoni Hiina* 
liiyati air nvor \nrtii lioii^al, and the I'liited 

Provinees with the Bay air tn the sonlh. In May, 
the ('hffffi nttrsftf may Im* eans(‘d by any of the 
following meclianiMns - 

{a) The passaj^e of a eyelnne into the northw(‘st 
anjrle of the Bay <»f Iienu[al and the ncijihboiirhood. 
The cyclone may develop in tlie Bay itself or a 
eyclone in the Arabian Sea may imince a synipath<>- 
tie one in the Bay west of Lonjr. IM)'" K. 

(//) The travel of a well-marked western distur- 
bance across the (‘onntry to llie ('entral Provinces 
or the ac*'entnation of the seasonal heal “low” over 
that rc‘jrion. 

(c) \ <'onverjj;enee bi-twcMMi the westiM’ii Ilinia- 

layaii air and tin* southwesterly bram*h of the 
eipiatorial <‘nrr<‘nt in and around t)w Central 
■Provinces. This is rare in May and is not likely 
to afleet the l A’crest rejrioii seriously. 

Prom the point of vi<*w <d‘ the Kverest expeili- 
tions the most important, meehaiiisin fer t\\v ('hofit 
lyiirsdt is eertaiidy (o) abov<' as the others do not. 
cause sneh Ion*; spells of bad weatln'r as to rcndiT 
inoiintaiiieerin^ In tin* Himalayas impossible, 'riie 
ey<'loiie tra< ks lor May (Ki<r. 1) may be eonveiiiently 
e.lassiti(‘d into ihi'ee types, r/: the April type ami 
types I and 11. Type I is very similar to the normal 
tracks in April (tin* cyclones mose fnnn approxi- 
mately sonliiwest to north(‘asl) but. is nearer to the 
east coast of India. 'I'ype II, <in th<> other hand, is 
cjharacb*ri/ed by “retroy^rade” motion in the south 
of the Bay, the rest of the track boinj; merely a <*opy 
of type I inland. Both types, moving close to tin* 
east coa.st of India, <*nsnn’s a jiood ( Itnln lUirsni. 
It may bn interesting to imte here that type I 
arc tracks »)f the <*v«*lones, whi<*h while in tin* mn’tli- 
west anjjle of the Bay of Bi'ii^al, may la; sIow-iim»v- 
iiig and seven? ( particularly when tin? eastern 
Himalayan air b<*gins to participab? in the eirciihi- 


tion below the transition layer ), a feature to be 
dread(?d by the I^vcre8tc*i*s. It may be emphasized 
that these cyclones forming even in the last week 
of May seldom settle the monsoon either in Bengal 
or over the Kverost, Apparently the sudden lifting 
of the transition layer over the (bingc‘tie plain 
associated with the on.set of the ('hnta Barsnt cannot 
last long and there is invariably a return to summer 
conditions over the greater ])art of Ncirtheast 
India, however i)or»r <»r shortlived these may be. 
So far as the Kverest(*i*s an? eom^erned tin* distinc- 
tion b(‘tw(*en the CImta and Ihira litirsat may 
appear to be withmit dittereiiec? from the point of 
view of he:»vy snowfall if the foriiKa* is caused by 
cyclones. I'\»rtunately, howc*ver, the two types of 
cy<*lones arc of rare oeeurrenee. The long-range 
birecastiiig of the ('hdfn fiarsfif is ditlicadt in view 
of the fact that the ph(>iiom(Mion connotes :in 
accident, /•/•.., the lormation (»r entry of disturbances 
in the “sensitivi* n‘gion”* for the Kveresl. It is, 
however, hoped that when the present method of 
f<n*ecasting has b(‘eii fully developed, that character 
of the second iialf of .May wimld billow as a corollary 
sunieieiitly (^arly to lx* of help to tin* e\p(>ditionists. 

Tlie Monsoon Precipitation in Northeast IncKa 

(a) The. nn'rhdHisut ttf niinftill — In view of 
the elassifi(‘ation of the Indian air masses :dn>ady 
given, the mechanism of the monsoon pr(>eipitation 
is a very interesting problem. In eonsidj'ration of 
the region, the rain is variously ascribed to oro- 
graphy, iii.'^taliility, aiito-eonveeh'on and eoiivergeii<*<* 
so far as the monsoon (Miri'eiit is coneerm'd. ^I'lie 
discontiniiity alxive the transition level shoidd be 
productive of some rain, but the height «>f this 
increases with the growth of the monsoon. Hitherto 
no proof, as to how far any of thes(> processes is 
nallyat work and what ]>ereentage of tin* total 
iiionsniiii rainfall (*aeh may aet'onnt for, is available. 

• So far as India is (‘onceriicd, apart from <ir<igraphie 
rain, the «mly other mechanism which may yield a 
consid(Table amount of rainfall is the activity of the 

• The region lioiiiideil liy hUitmle lu'M Wcstein lliina- 
hiyas ami loiigitmk* SO® aiul W* l^. (Vi«le "liiinalayan 
Mcleorology”). 
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IVoiit l)(‘tW(‘('iMlMMnnns()nn miuI 4‘:i<-t(‘ni 1 
c'limMlt. A siliiii:ir i> :i|i|)li<‘:ii)l<- in 

case of Xortliwc'.Nl liulia, //■.., IIk* I’nml IjcIwcm ii Iroli 
sii|)pli(‘s 4»r IIh* w«'st«‘ni I liiiial:iy:iii air ami llic 

IIIOIISODII. 

(it) The itfottsan/t fntitl tnul nn t hmti'^nt i>f hninj 
prrripihiiittH Tim daily ^vnal her < liarN siihimuI <iu‘ 
idea that, in the plains ol' N<)rihea>t India al any 
rate, iVonlal a<*livi(y is tin* principal iin‘ehani>in 
of rainfall diirinu; the inunsiHtn. Alllnin<:h at tin* 
snri‘a(‘(‘, the hnri/nntal tiMnpei'atnre ^radi<‘nt on tin* 
avera^T* is very h'lMe dnrinir tin* inoi»MMin, lln*re is, 
i*veii at (he jxrcnnid levt-l. a iiiniisnnn fittnt' and \\r 
inn’inal positijm 4iv(*r tin* (ianii4*tie plain ha." the 
sn|)])ort of 4»l)M*rvatiinis 4if wal4*r>pont." 4*.\l4ndini»: 
()V(‘r a hnndr(*d years." As n'^ards its activity, 
it should l)e mill'd that daily foreca"t- of precipita- 
tion are always to In* made with a (nil apprci'iat ion 
of tlie fact that the the ea>t« i'n lliinala\an 

air is u>n!dly sn."eeptil>le to lame and lalln r perioilic 
llnetnations. In iirih'r to illustrate the frontal 

meehanisin of (he nionso^m r.ainfall on a lai’iz'’ "cah* 
and well within the Iinlian aiva, (In* weather »*har( 
lor the (ith Sept(‘ml)cr IlDhl ha" hcen cho.-cn. 'rin* 
idealized eharl (with tin* m lnal wind" at Km. 
al)ov«^ M. S. \j. dcterminoil from pilot liallo**n llii:hl" 
and oh-iervations at stations at alnuit (t.o Km. aliove 
M. S. L.) is rep.rodiieed in V'lil. which i" "4*1!- 

So far a.s tin* il .ily \v**atlici «’Ii.iil> -lit»\\, ilu- imil.il 
.sta.i;c.s of the foi tnatitni of .K |)rc*s:aon.s in tin* .\otili r..4> in 
pilv anti Aiij;nsl, at any r.ilc, ao* n..l .my IkIU-i ih.iii tin* 
soiHli\V(‘slmi 4iua<lranl of the .lefonn.nion liel.l arUin*; mil 
t»f the How of the nmiisoon wiinl" at;.iinst the eastern Ihiii.i- 
layas. The ]iieciiiitalioii i.s .seanl\ <i\er tin* wlwih In-M nniil 
the Ilimahiyaii air ajiiieair. l.i the nmth. 1 In- lee.l of ihi.-. 
current appears to etiiisist of .snmewluil eolil«-r aii (j-oleii- 
lially) Ih.aii the monsoon wiinlsal ihe •’.■inn* level. .As the 
ilepres.sioii inliMi.silie.s the lliinala.van :iii .ura.lnally tieseeii.ls 
{nr vice vrrsa) while llowin^; westwaoU -.ml le.ieln-s tin* 
the jii-ountl in the ctniise of a -lay or Ivvti. .\ pr.>oressive 
fall of holh the 4lry ainl\\ethiilhl4*!ni»ei:ilnieslhenctiin- 
nienees at ‘the .surface and it is al.onl thi" "la-e that raiiis- 
iiuall.s start round the lu-ad of the Ilav. 

(ii) See Fi». 2 Rains ol h'ishes, I'rvr, Aniu. 'Siif. of 
Bengal, Vol. XXIX, pp. 111-111., by Sen S. N. 


«*xplnn;itory. Tin* f:imily of whirK 4)ii (In* nnmsooii 
front nlono- with (In* r:iinf:ills nt tin* \:irioiis ."(:i(ion.'< 
(oin* inch :md :il)ov4*) 4lnrino- the lollowino iM hours, 
tin* ‘'liown in t In* di:ior:im. This wtis tin* 4*ommenee- 
nn*nt of :i spi ll 4if h(*;iv\ I'tiinlnll and tin* r(*frions 
lik(*ly to lx* nilci'ted :iri* i*li*.*irly indi4*:ited I'r.un tin? 
pO"i(i4m" 4if (In* W4'"(w.ird (r*iV4*llinii’ whirls in the 
tl. Km. 4*h:iii from tin* dth S(*|)ti*ml)4*r l!l.‘>l* on- 
w.ird.". ( )ii (In* "iirf;n*i*. both lln'ilrN and w<*t hull) 
t<‘mp4*r.it iii^**^ fell prooT'i*"."i\'i*Iy alono- (In* paths of 
tin* 4*a."t4 rn Himalayan air. rin* 4 *In."t 4 *rine: of rain- 
fall of om* ini'h .and .ihovi* to tin* smilh of (In* line of 
dis4*ontiniiity i" mili‘Wor(hy. h’or tin* vari4)ns ln*io;ht.s 
of tin* i*a"t4*in llimala>a< (In* nn'i'iianisin of lu'avy 
"iniwfall may h.* "4)m4*wh.il like tin* om* depleted 
ill 

The SlreiiRlh of the Monsoon Winds 

^rin* "iilij 4 ‘i*t is e 4 impli 4 a( 4 'il and 4 l 4 *" 4 ‘rv 4 *.**‘ a iiiiieli 
mole d 4 ‘(aih‘d 4 ‘lin'ida( ion than i." p 4 i""il)I(- in tin* 
prc."<*iit artii'h*. < )nly .a lew int 4 >r 4 *--( ini* poinl-^ may 
1 ) 4 * iiot 4 ' 4 l licia*. M in* "I rciiul In nino’ «if wimls in (lie 
" 4 mth 4 )f the Ihiy 4 »f Ik'iioal i" Usually a'*;soeiateil 
with rain ainl im t onvi ]*o 4 *n 4 * 4 * is no(i 4 *i*d in this 
r 4 *trion. M'lii" po 4 *iiliari(> i" "iio*o* 4 -(i\ a* 4 d' an inter-, 
rn'lion of (In- "imthoni winter riinl tin* imrtliern 
"inmm*r in (In* liollnm l.ixa r" id tin* alinospln'i'e. TIu* 
"t n-not ln*nino n| iln* mon"oon ovi*r tin* imrl.li and 
m iitn* 'if till* r»a> "f |> 4 *iioal o 4 * 4 *ni‘s wln*n a tonjfint 
<d tin* i iiidiin Dial air aiivaiici*." toward" tin* .sea aiul 
tin* .".inn* h alnri* i" notii'i'd o\ 4 *r n-oion." when* tin* 
lw*» l.rani'ln*" of iln* monvnini eonveror. 

The Monsenm and the Rveresl 

M'ln* d.iily wi alln r ii poit" "iipplied (o the inoilM- 
taim'i i’s "inci* l!KhI. mon* oi' h*"", d 4 *mon"lrati' that 
tin* moih rii i 4 li*a of air iiia ""4 " ami Iroiital a4*tivilic*s 
is al"o a[ipliealile in (In* 4 *a" 4 * id im|iorlant w«*ather 
pln*nonn*na up (o "iich "real In iohls as .'HI, 1 ) 1)0 fe<*l 
al)ovi‘ (In* mi'aii ,"C.*i-li*\ a*!. I hi" is tin* onlstandiiif; 
nie( 4 *orol 4 ''»ical r 4 *"Mll of tin* varioii" Himalayan 
cxpi'ditioii" h* 4 l "o far. Diiriiiii futiin* 4*.\pc‘dition.s 
it wi.nld be int4 r4*"tin;i to "tiidy tin* 4 lle(*t.s ol a 
*udd 4 *n on-et of (he f 'hnht Ihtrsitl mi Kv 4 *re.s(, if 
(lien* i" one, with partii-nlar r 4 *f 4 r 4 *ma* to tin* lorina- 
lioii of avalain'ln*". 
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The Indian Matlicmatician'-Ramanujan 

Godfrey II. fitirdy 

ProfMBor of Malhcfnatit!.'*, Univonity of CambrlilKe, 


T If AVI-: sc*t iiiyscll' :i task in tli(*s(* Iccfiiivs wliifli 
is |rf*iiiiiii(*Iy (lilliriiit and wliifli, if I w<*ro df‘t<'i*' 
niiiKHl to l)y niakini; (*v<*i*y i*xi‘iis<* for failiins 

I represent a.'« alinnst iinpossihlo. | liavo 

to form niysolf. as I have imver really formed be- 
fore, and to try to help yon to f«n*m, some .sort of 
reasoiK'd estimati* of the most roinaiitii* ti^ftiri* in 
the re(‘ent history of mathematitvs ; a man whose 
career seems too fail of paradoxes and eontradie' 
ti<nis, who defies almost all tin* (‘annons by whieh we 
are ae(‘iistoin(‘d to jnd^c one another, and altoiit 

whom all of ns will pnibably atrree in one jndtr- 

nient only, that he was in snme seaso a v**ry fjreat 
iiiathematieian. 

Th<» dillienlties in jndj^in^ liamannjan an* obvious 
tiiul formida1)h* (*non^h. Ramanujan was an Indian 
and 1 suppose* that if is always a little dilHenlt for 
an Knirlishmaii and an Indian to nmlerstanti 

one another pro|)<*rly. lb* was, at the best, a half- 
odneateel Indian ; In* had nevcT had the aelvaiitaiifes, 
sueli as they are, of an orthodox fiidian training ; 
he was in*ver abh^ to pass the *Kir.st Arts 

Examination’ of an Indian nnivea-sity. II<* worked 
for m<»st of his life, in praeti<*ally eennph'te* iy^iio- 
ninee <if modern European mathematies, and died 
when he was a little over .*U) and when his inatlie- 
inatieal edneation had in some \vays hardly be);iiii. 
lie pid>lished abundantly -his pnblished papers 
make a volume of n<*arly dOd pat;es but he also left 
a mass of nnpnblislied work whi<*h had never been 
aiialys(*d properly until the last few years. This 
work im‘l tides a ^reat d(‘al that is new, but iiiiieli 
more that is rediscovery, and often imperfect redis- 
covery ; and it is sometinifs still impossible to 
distbif^iiish between w'hat he must have ixHliseovered 
and what he may somehow have learnt. 1 cannot 
imagine anybody saying with any confidence, even 


now, just how great a iiiathematieian he might 
have been. 

These are g(*miine ditlieiilties, but I think that 
we shall tiiul soiiu* of tliem less formidable than 
they Iof)k. ami the ditlieiilty whieh is the greatest 
for me has nothing to do xvith the ohvioiis para- 
doxes of Raiiianiijaids ear(*er. 'riie real dillieiiity 
f(»r me is that R:iinainijaii was, in a way, my dis- 
covery. I did not invent him - like oth(*r great men, 
he inv(*iite<l himsi*!!* — but 1 was the* first r(*ally 
f'ompetent persim who had tin* eliaiiee to st'e some 
of his work, and I eaii still rt'iiiembcr with satisfae- 
tioii that I eoiild reeogni/.t* at oiiee what a treasure 
1 had found. .And 1 suppose that I still know more 
of Rainaiiiijaii than any out* (>ls(>, and am still the 
first uiithority on this partieiilar siilijeet.. 'riiere 
are other peo|)l(* in England, IVofessor Watson 
ill partitMilar, and Rrof(‘ssor Mor(h*ll, wlm know 
parts of his work very nim*h better than 1 do, 
but neither Watson mn* Mordell kiicjw Raiiiaiiiijaii 
himself as f did. I saw liiin and talked to him 
almost every day for several y(*ars, and ahovt; all 
I actually collaborated with him. I owe mon* t<i 
him than any om* else in tin* world with one 
exception, and my association with him is the one 
romantic ineid(*nt in my life. The ditlieiilty for 
me then is not that I do not know enough about 
him, blit that I know and feel too mneii and that 1 
simply eaiinot bt* impartial. 

1 rely, for tin* facts of Raiiiaiuijaii’s life, on 
Seshii Aiyar and Raiiiaehaiindrii Rao, whose me- 
moir of Ramaiiiijaii is printed, along with my own 
in his Collertetl Papers, lie was born in IS87 in a 
nralimiii family at lOrode near Kumbnkonam, a 
fair-sized t<»wn in the Tanjore disiriet of the 
Presidency of Madras. 11 is father was a (*h»rk 
ill a clutli-iiicrchant’s office in Kiitiibakoiiain, 
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and all his rclalivos, of liijrli rnMt\ \v<‘n» 

very |)oor. 

IIo was scMii at tla* ai^o of 7 to llu‘ Hiirh School 
of Kiiiiihakonani, and rciii:iiiicd there for nine years. 
His oxeeptioiial abilities had beirmi to show them- 
selves before he was 10, and by th<* time that he 
W'as It? or I.'} he was re(>o;riii/,r>(l as a quite abnor- 
mal boy. His bio^rapliers tell some eiirioiis spiries 
of his early years. They say, f<»r examale, that, 
soon after he had beirim the stinly of Iriironornetry, 
he discovered for himself ‘Aider’s tlasirems for 
the sine and cosine* (by whic*h I iinderstan<l the 
relations between the eirt'idar and exponential 
fnnetions), and was very disappointed when he 
fonnd lat<*r, apparently frfnn tlie volume of 
Looey’s Trif)OHnhfcfry,i\\iii tluw were known already. 
T^ntil he w\MS Hi he had never seen a mathematical 
book <»f any higher class. Whittaker’s Mntirnt 
Ai/ftlysis had not yet. s|)read so far. and rtromwieh’s 
Jnfinitr Srrtrs diil not exist, 'riiere <*an be no 
donbt. that either of these books wonid have made 
a tremendous ditVerein'c to him if tlnw eonld havi* 
come his w’ay. Ft was a bo<»k of a very ditlen'iit 
kind, (^ht’s xvliieh first aroused Uama- 

iiiijaii’s full pciwers. 

(\‘irr's book of rlemrotanj rrsof/s in 

pHrv nufl nppJifti ntafltrimttirs^ by CJeor^re Sho<»- 
bridjje (-arr, formerly S<'holar <»f floiiville ami 
Cains Oollcfje, Cainbridjre, pnblished in two volnnu's 
in 1880 and 1880) is almost nnprocnrable now. 
'riiere is a e»>py in the rambrid^<* rniveixity 
fiibrary, and there happened to be one in tin* libr.iry 
of the (lovernmenl C!olle«xe ot Ivnmbakoiiam, whh*h 
wa.s borrowed for liamannjan by a fi’iend. ^Plie 
book is not in any sens«* a jrreat one, but TFaina- 
nnjaii has made it famous, and there is no donbt 
that it iiifliieiieed him profoundly and that Ins 
acipiaintaiiee with it n .arked tin* real .starting* point 
of his career. Such book must have had its cpiali- 
tie.s, and Carr’s, if not a Imok of any hi«h distinc- 
tion, is no mere third-rab* text-bojjk, but a bi»ok 
written with some real seholarsliip and enthnsiasni 
and vrith a styh^ and iinlividnality <»f its i»wn. 
Carr himself, who was a private coach in l.i mdon. 


eaiiie to Cambridge as an undergraduate wdieii he 
was nearly •!<), w;is ll?th Seni«»r Optime in the 
’rripi>s i»t ISSO ( tin* same year in which he pnb- 
lished the first voinnn* of his book), :ind is now 
eoniph*t<*ly forgott(*n, even in his own (*olh*ge, except 
in so far ;is Ibimannjan has kept his name alive, 
must havt* bi*en in some w.ays I'ather a remarkable 
man. 

I suppose that the bonk is snbstaiitially a 
summary oi Carr’s coaching notes. If yon were a 
pupil of Carr, yon worked through the appropriate 
sections of tin* Sytfupsi'i. It <*overs I'onghly the 
snbje<*ts of Scln‘dnle A ( as |ln*sc snbjects were 
ninlerstood in (Cambridge* in ISSI) ) ami is el1e<*tiv(*ly 
the ‘sym>psis’ it profes'<(*s to be. It eimtains the 
ennneiations of iJllio tin*orems. systematically and 
quite scientifically arrangi'd, with proofs which are 
often little more than cross-references and are 
dc<*hlcdly the least inten*sting part of the book. All 
this is exagg^'rated in Ibimainijan’s famous note- 
books ( which (*ontain pra(‘ti(*:dly no proofs at all ), 
and any stmh'iit of tin* note-books can see that 
Hamnmijan’s ideal of pn*sentation had been copied 
from Carr’s. 

(^arr has sections on the obvious snbje(>ts, algebra, 
trigonometry, calcnlns and analyti(*al g<*ometry, but 
some sections an* developed disproporlionally, and 
particniarly the formal sich* (»f the integral calcnlns. 
This sf*(*ms to have been Carr’s pet snbj(*ct, and the 
treat m(*nt of it is very fnll and in its way definiti»ly 
gi>od. '^riien* is no theory f>f fniwtions ; and F very 
mnch doid>t whether Kamannjan, to the end of hi.s 
life, ever nnderstf>od at all elearly what an analytical 
fniK'tion is. What is more surprising, in view of 
Carr’s own tast(*s and Haniamij:in’a lab*r work, is 
that there are no elliptic fnnetions. Il<»wevcr Ibima- 
nnjan may h;ive aj*qnired his very pi'cnliar know- 
ledgi* of this th(*ory, it was not from ('arr. On the 
wln>le, consid(*r(*d as an inspiration for a boy of siich 
abnornial gifts, (^irrwas not too bad, :nid Kamannjan 
respondi*d ama/ingly. 

‘Thrciiigh llic new worl«l (Inis opened to liiiii, Raina- 
nujitii went ranging with ilrlighl. It was this hook whirh 
awakened his gLMiiiis. lie set hiinscdf to estahlish the 
formulae given therein. As he was without the ahl 
of other hooks, each solution was a iiieco of research so 
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far as he was ruiiroriUMl . . Uaniatnijan used to say 
that the Infill less nf \amakkjil iusjiired liiiii with 
the fornnilae in dreams. It is a remarkable fart that 
fre(|iiently, on risiii.i; rriiiii bed, he \v<ml«l mite down results 
and rapidly v<*rifv them, llnmijli he w.is imt :d\va\s able to 
supply a ti;^iiri»iis ]uoof...." 

I lijive t|iinhM| till* last scMitoiKM's tl(‘lil)(*rnlcly, 
not lKM‘:nise I att.-ieli any iniportaiKM* to tliein - I am 
no more interesbal in tlie iroddess ol' Namakkal tliaii 

yon are hnt heeanse we art* now apprt>aeliin«r tin* 

(linii’iilt ami traiiie pari t»f IJamamijaii’s career, ami 
we must try (o iintl(>r>taml what we can td' lii.s 
p.sy(‘li<»lo(ry ami of the aiimisplieri* .siirroiimlinir him 
in his early years. 

I am '^ni't* that Ivamaiiiijaii wa< no m\>tie ami 
that religion, except in a .-^trielly material sense. 
play<*(l no import;inl part in his life, lie was an 
ortli'ulox hii»:h ea’^le llimlii, ami always atlht'i'eti 
(iml(‘e(l with a st‘vei*ily iimsI nmi-iial in Imliaiis 
resitlent in l‘]niilaml) to ail llie ohscixanees of his 
Ciisle. I It* had promised his parents to do ^o, .anti 
he kt*pt his promises to the letter, lie was a veire- 
tarian in the strictest sense, :iml all the time lie 
was in (^im)»riil'»:i* he etioketl all Ids fooil himself, 
and nevi‘r et»okt*tl it without lirst eliany;iny: iiitt) 
pyjamas. 

Xt»W the two meimMi's of liam:innj:in priiileti in 
thf* /V/pr/’.v (and both written l»y im n \vh(», in their 
dillerent way<. knew him veiy well) etudratliet one 
aimther llatly abtad Ids reliiritm. Se>lni .Viy.ar and 
ibimaeliamitira Rao say 

“Ramainij.'in li.ail deliiiite relij^iinis \i«*'.\h. lit- b.ad a 
.aprrial vriieration for tlw .\:im;ikksil iMid.h-ss ... I Fi* brlif\«-d 
ill llu* existiaice of ;i Siii^renif rn-iii.i; ;iml in the* att.iiiimi nt 
)f (hidluMil I)' bad si'llli'd 

the problem of life and after,,..", 

“,,, .his relij;i<in was a mattm- of observance and md of 
intellet'tiial coiuicdon, :tnd 1 romeml»er wtdl bis tidlinj; me 
(iiimdi ti> my siirpiise) tliat all relii^ion.', sia-meil to iiiiii 
more or le.ss ecjuall • true...," 

Which of ns is rle:ht / Kor my part I have no 
donbf at all ; I am t|idtf* certain that I am. 

(Mas.sical sclmhirs have. I belive, a i;eneral prin- 
ciple, tllflhilinr Icrfia pdiinr tin* more diilicnlt 
rcatlinj' is to be preferred - in textual eriti<*i.siii. If 


the .\rcli1)i.shop nf (Canterbury tell.s one man that 
lie 1)eliev(*s in (iod, and :iiinth(‘r that, he does not, 
then it is pmbably the .second assertion wliiidi is 
true, since othi*rwise it is very ditlienlt to mi(h‘rstand 
why he shonkl have made it, whih* then* an* many 
excidleiit n*:isoiis for hi.s making the lirst whether 
it b(‘ true or falsi*. Similarly, if a strict Ihalimin 
like Ramamijaii told me, as Ik* certainly did, that 
he had no deliidtc beli(*f.s, it is 100 to 1 that lie 
meant what he .<»aid. 

This i|ii(>stion of Kamamijan's reiiiriixi 
its«‘lf important, but it is not altoo(.tlier irrelevant, 
l><‘caiis<* (here is one lliiiii; wliieli I am really anxious 
to insist upon as s(roii' 4 ;ly as I i‘;m. There is epote 
enough abcuit K imamijan that is ditlicult to iimi(*r- 
staml. and we have no need to iro out of out way to 
mamifaetiin* mystery. I*’or myx'lf, I liked ami 
admired him enon(j:h to wash to be :i r:ition;dist 
about 1dm; and I want to make it ipiite ch*ar to 
you that Ramamijan, when he was livinji in ( am- 
bridi^e in eood hi‘;dlh and eoinfortable siiri'oimdin^s, 
was, ill >pile of his oddities, as re.-isonable, as sjiiie, 
;iiid in his \vny as shi’ewd a per>«»n as any oik* hen*, 
'rile last thiiiir whieh I want yon to do is to throw 
up your hands and c*\elaim : 'Ib'n* is sometliinL' iiiiin- 
telliiiiible, soiiK* mysterious throwback from the 
immemorial wisdom of tin* h/ist’; I do not bi'lieve in 
tin* immemorial wisdom of the l'.a'>(, and (he picture 
I waul to present !•> yon is (hat of ;i man who liad 
Ids pta’iiliarilies like other ili‘*(iML»ui'«hed men, but a 
man in win*"!* society one could taki* pleusure, with 
whom one could lake* tea :md discuss polities or 
malliematies ; the pi«-(ure. in short, not of a wonder 
from the ll.i-nt, <»!• ail iii^pinai idiot, or a psyeliolo^i 
eal freak, but of a rational human beini:' wim hap- 
pened to be a jLrn'at malhematii-ian. I 'ntil Ikmvm.s 
about 17, all went well with Ramamijan. 

"Ill I P» 0 .^ he jiassi d llie Malrieuliitioii b'xaiiii 

iialioii of the I'liiveisily r»f ^[a«I^as, ami in the Jiiiiiiiii v of 
the .sueeeeiliii!^ year lu‘ i<*iiie(l the Junior iMr.st ill Arts class 
«»f the I lOViTiimciit Collc.i;e, Kuuibakoiiani, and won Hu* 
Siii)r:iliui:iiiy:iui .scliol.ir.'iliip, wldrli is p;ein*ially .awaided foi 
piDficieiiey in ICuj^li.sli :uid .MatluMiiatio.s." 

I»ut after this tlu*rc eamc a .seric.s of 
checks. 

"lly Ibis time, be w:is s<i absorbcil in the stinly of iiiatbe 
iiiatics that in all b‘clure hours —whelliei ilcvoied to l*bi^1isli , 
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1! story, or l*hysioloj»y ■ he* uso«l to fnji;ajre himst'If in sotiii* 
jiialhcitialtcal invesLij'ation, utiiniinlfiil of what was hap|u*ii- 
iiij; in the class. This excessive devotion to niathematies 
ami his conseijnent iie;;Ii*rl of the ollii-r sulijeels lesiilted in 
his failure to seeiirc proiuolii>ii to the SLoiior rla^s and in the 
c )nse(|iient dHCOiitiiiiiaiiee of the seh<ilaishi|i. Pailly 
owinj; to disappoiiilinent and partly owinj^ to tin* innm-nce 
of a friend, lie ran away iiorthwaid into the Teluj;ii eonntrv, 
hut returned to K n in ha k on a in after some w.-imlei iiij; and 
rejoiiUMl the collevie. As owin;; to liis ahsenee lie f.iih il to 
make siillieieiit attendances to obtain his term reititie.ite in 
l‘»05, he eiUercil Taehaiv afip-i's C»illei;i‘, Madras, in fHtn, Iml 
fallinj;^ ill nMnnied to Kiimhakoii.'ini. lie appean'd as a 
private stinleiit for the h'. A, exani'iiation nf 1 )i-«'iinher 
I'M7 and l.iiled." 

I{:ilii:il)lijail tines tint seem to have any lieliiiife 
oeeiipal ion, exei'pl mat lieinat ies, until lur’. In 
IDtHi lie married, and it lir'eann* necessary tor liim to 
Itave some n'.milar employment, 1ml lie liad jrieal 
dillii'iilly in limliiio; any lieeaiise of Ids md'orinnale 
eolle^c eareer. AImhiI lOlO lie lieoan (o find more 
inilneiit iai Indian I'riends, Uama^wami Ai>:ir and ld■^ 
two liioo-iaplicrs, Iml all llieir elVoris Pi find a folm- 
altie po'^ilioii for him faih d. and in llil'' he* heeame 
a elerk in (In* nlliei' of (he I*oil 'IVn^t of Madras. 
Me was then nearly ' 2 \ 'Die years hetwe. n Is and 
l?r» are (he <*riti«‘al yi*ars in a malhi niatieian''. eareer, 
and the damage had heeii done. Kamaimj.in'' oi-iiiiis 
II- . ' ; h i(.' •hanee !:'I’ A \ - j..,!- ie,it, 

'There is not imieh to .‘*ay ahont the i«-t «d‘ 
liamannj. Ill's life. Ilis lirsl s distaiil i.il jMovers 
he^an to he nnder''lood. Sir l’'iain'is Spriiio; and 
SirCJilhert \\ all«'r ohiained a '^peeial seholarship 
lor him, I till a yeai*. •Hntlieieiit lor a marrieil ini]i:in 
to live in loh'l'ahle eondorl. At the heoinidiio ol 
MM'llie wrot<' to me, aiid Ih’oh'ssor ..\e\illi* and 
I, al'ler many liii'tieiill ie<, e'ot him to Mnoiainl in 
lull. Here he had three years of nninterniple<l 
aetivity, tin' re.-nlts ol‘ which \on can ii-ml in hi< 
i\i/K‘rs. Ill* h-11 ill in the •'nimin-r ol Ilil7, and 
nev(*r really reetivered, ihoiie'h he eoiiliiinetl to work, 
rat her spasinodieally, Iml with no real si^n ol ile- 
trenerat ion. until his death in I!l-t). Mi*^ l•■t■''l mallie- 
matieai letliT on ‘Moek-'Tlieta Innetiinis’, the snhjeet 
of Prol'essor W'alsonV presidential atldress to tin* 
liOiulim Matlnaiiiitiral Society last year, ^^as written 
about two months Indore In? died. 


'The real tra^(‘(ly about flamaiinjaii was not lit.s 
early death. It is of eniirse a di.saster that any 
•Treat man should die yoiiti^, but a iiiatheinatieian is 
oft(‘ii eomparatively old at .'{(), and his death may be 
less of :i e.'itastropiie than it sermis, Abel died at 
'Jli and, although In* would no doubt have added a 
^reat deal mon* to matheiiiatie.s, he eoiild lianlly 
have beeonn* a «Treater man. ^Tln* tra^<*dy of Kaiiia- 
mijan was not that In* died yoim^ but that, diiriii^ 
his live nnfortnnati* yi-ars. Ids genius >\:is misdireet' 
ed. sidetraeked, and to a eertaiii e.xtenfe distorted. 

I have been looking ajraiii I hron^h what. I wrote 
about Ik-imannjan Hi years a^o, ainl, ahhoiurli f 
know a <T'»>d deal Ix'tter now than I did then, and 
e:in think ahont him iiion* (lispa.**siouat.(‘ly, I do not 
tiinl a tTri'a! deal whie.li I should partienlarly want 
to alter. Unt then* is jnsl mn* sentein-c which now 
M'eii)' to me (|nile iinlel'en-ihle. I wrote : 

' < ipiiiidiis in. IV iliiri-r ahntii tin* iiiipdi t.'iiiee nf UaniMiiu- 
jail’s work, the kiinl ol st.'iinlai •! h\ wliieli it shoithl he 
jiiih^i'd, .-ml the iiitliieiiee wliieli it is likely to have t>ii the 
iiiatlieiii.ities of the fithite. It li.is not the siiiiplieitv ainl 
ihe iM 'v ilahleness i*f tin* \i i\ "leatesl uoi k ; it would In* 
Hie.it>’i it it wete less '.t i an,‘;e. « )m- ^ifl il shows wliieli no 

(iiie can diMiv, piofoinnl and iiuiiieihle rn ioinidity. He 
woiiM proh.ihl\ ha\e hi-eii .i ,:;ie.ilei- iiiallrMiiatieiaii il he 
eituld li.ive heeii «.:ni,i'lil ami I.iiiumI :i little i*: his youth ; he 
w.iuM ue .liscoveied im'H. licit 'v is new. and ihut. no 
. i .-ti'r liiipoi i.im •• ( ).i i 'i ler hand he would 

e..- • •’ ■ -.s nf aR.f'Jiii..’ ■;.l•l•^l.■of a Iviiropean 

piolc’^-.or, and the lo'^s inlidit iiave heeii .■;ii-aler than the 
;;ain.’ 

I stainl l>y that cM-epI for the last, .sentene.e, 
whieh is i|nite riilienhnis sentimentalism. 'Tlntro 
wa'i MO wain at ail when the ( -olh*e:e :it Kumlnkoiiam 
rejeeteil the one mall they had ever po.S'-es.sody 

:iiid the lo.-s w.is iriwparahle ; it- is the worst • iiis- 
lain'e that I know of the damatre that eaii be done 
by an inelVieient and inelaslie eilneatioiial system. So 
little wa*-! waiiti'd, lit) a year for live years, oe.t'asioiisd 
eonlael >\ith almost any one who hatl real knowle<l};e 
and a little imagination, for the world to have 
;TainetI aimiher of its irrealest iiiatheiiiatieiaiis.* 

* iMcnii a leelure ;;iveu at the Ilarvanl Tereeiilenaiy 
Confoieiire ]iuhlislied with the kiinl perini.s.sion of the 
Hireetor the Confereiiee. 
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ncciclciib ill Indian Coal Mines 


M. Cl. Cluittcrjff 

Senior In^prctor uf Minc.N in India. Ahanriul. 

Introduction 

In iiili‘u(|ii(‘iii^ I would liko fo tii.'iko it 

rlcur ;it tin* oid.-Kj-t that the inuiii wliirli h:is 

])rnin|>t«‘d iiu‘ to plarr it Indon* my rcsKlcrs, luis 
to oxplol’o the |) 0 ';<ii)ilit {o'; of rediieili^ the imiiihel' 
ol’ neeideiits in <‘oaI iiiine^ liy the :itt(‘iitioii 

of all «M)iieeriu‘d oil ihi.- important <nhjeet without 
in any w:iy erit iei/inn' tin- work ol the \‘arioii'< 
m:iii;i‘»er.s minin'* eni»iin*rr> :m<l others, all ol whom 
liiive eont rihntcil iniieh tow:ir<U tin* -^.de and 
eilieieiit workin<i' of tlm Indian eoal mille^. 

In tile yi'.ir 10:? I Mr li. \i. Simpson, « i. i:., 
the t’liief In.'-pe<*tor of .Mim*.*. in lndi:i, wrot<* a pap<*r 
on this '‘iihjoel. * I'lvidently his olo>e lon<*h with idl 
tin.' mines in Imlia emdded him to prodn<*e sm*h a 
paper. Ihit ^inec he wrote on tin* snl»j<‘et. eoal 
mining in India lias advaiieed i‘onsideral>ly and 
eoiiseqniMitly many new eomprn*ations hav<‘ arisen. 
Hesides, an important ehaiiiie in the an^Ie of vi'.ion 
id' the ownei’ and managers of mines in respe<*t of 
aeeideiits, has heeii etlecled I.iy tlie eiiaelineiit of the 
Workmeids < 'niiipeiis.ation Aet Knrilier, 

many fresh and enery:etie manairers liave come out 
in the eonisi- of lhe.->e ten years, wlio now holil 
positions of lrn''t in the various inine>. 

No deformity or death eaii.^ed liy a niiniii^r 
aeeideiit to an employee eaii lie made Lfoiul liy any 
amount of eompeiisatioii. It tiiei'efore. a moral 
obliy:ali<ni on the part of ilie employers to make 
sure, liefore employiiii;- any worker in any plaee or 
joli, that the latter eaii be employed without any 
risk to life or limb. If this prineiple is observetL 

I. Transticlfnim of th*' Miv. *l'* luy.t. uf India 

Vol. XVI pt. I 

science: 

C II L. T LI R E 


it is ipiite eertain that the nnniber of aeeiilents will 
be reduced considerably. 

All important eases of accident have been dealt 
witli by the Chief Inspei'tors of .Mines in (heir annual 
reports. 1 will not, therefore, dwell upon them in 
detail but would invite your attention to the remarks 
ma<Ii‘ by the ( 'hief Inspei*tors from year to year. 

In my opinion aerideiils may broadly be el.-issed 
iimler two hi*ads : 

(I) ^rhosr which cannot bi‘ foresmi and eoiiM'- 
i|iienfly. cannot be «jcnarded a^ainsf. 

(‘J) Those which are e.aiised by bn*aeh of reiiii 
lation.x, rules and bye laws, earelessin-ss, sometimes 
by faulty materials, ete.. and are therefore pre\'en- 
tible. 

In tin* present article only siieli eases as may be 
ela.s.sed under (*_*) havi* been tliM*nssed. 

For till* piii’jiose of this paper, the aeeidiail'* 

wliieii oeeiirred in tin miiie^ under the Indian 

.Mines .\e! I of I !»2d, diiriiiL!' an* eliiell\ 

taken into aeeoinil. 

'I’able ! shows the nniiiber of pmsons killed ami 
seriously injni'ed in minin'!: aeeidents diirin<; the 
above period. 

Kxplosions and Ignitions of Firedamp 

'^rii.'inks to the amount of eare taken by the mana- 
gers, these aeeidents are not many in ninnber. Ihit it 
cannot be taken lightly as (!Ven a single oeeiiiTenee 
might claim a lieavy loll of life. 

.Many mine owners and managers, who work 
.second-grade eeal, are niidi'r the im|iressioii (hat 
owing to till* stony nature of the seams theii* mines 
ar(‘ not. exposed to the risk of eoal dust explosions. 
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Diisl ( 'niiiiiiittiM* li;i<, iin\v(‘V(M'. proved by 
:ir(ii:d expel iiiiciil Hi:i1 iiiiiler r:ivoiii-:iMe emidilioli^. 
eo:iI diisl IVom :dl i>:rjides of <'o:d explo-'ive. It i> 


ini Isiiihl : I 'ie of open liVlit is not 

poniiitled l»y llie lMdi;in ( 'n:d Mine- l I.C. M.) 
rej;ill;ilio|i> ill tlie worliillii< I»r mines where is 
liki'ly to be round or h:i': been I'oimd within l!? 
niontle- pre\ imisly. In -jiite of this, .•leeidc-nt*' due 


TAIUJC Xo. I. 

Showing the number of pe.ions seriously injured and killed in coal 
mines by accidents during 1925- 29. 
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thei'elbre iiuMiinbeni on :dl m:in:i^er> to -ee that dry 
Mild fiii(‘ eonl ilnsi does not neeiimnlMte in their 
mines. 

It is known to mining; iimmi th:it lln‘dMnip enii be 
i^Tiit(‘d by (n) mikeil li*rht. (/d rnnlty ^mIVIv hinip, 
nr M sIinf-lirillLT. I ^li:ill diM-nss lhe>e e;ises in 
detail. 


to ii^Tiition i»l linihmip oeenr Ironi lime to time. 
Some ol the-e Meeidenl'> oeeiil'ied ill mines np parts 
of mines where no li;i' liad pre\ion'-ly been I'onnd. 

Man:i;::er-. who have workeil for a lon^ t inie in 
iioii-irassy seam.- are. on taking ovi-r eharire <»f new 
collieries, liable to overlook the fact that alfhoneh 
the seams they are »j[oin!j[ to wi»rk may not lie prn- 
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gns f(ir the time yet they may prove 

gassy at a parfieiilar section of the mine. A eoiisiilt- 
* atiem with tlie Inspectors of Mines will (Milighten 
them on this point when they w<»iil(l he able to 
prepare- themselves well in ailvaiief* to meet the 
case. 

fgnitions of gas are known t<» have oetairreil in 
narrow ami haig galleries, e>peeially in tln»>e i{riv(‘ii 
too far ill advaiiee of ventilating eiirn'iit in (In* ri^e 
side or in the vicinity of faults and flyk<‘s. It is 
therefore possible to guard against an ignition 

w) My arranging for an ad«M|nate anioiini ot aii* 
to tlow constantly along the laees. In onli*r to 
emphasi/.c the importanee of tln‘ adeqiiacy of venti- 
lation, the following casi‘s may be cited. Hy an 
aeeidmital damage to a safety lamp in a ri>i‘gilh‘r\ 
an ignition of firedamp occiii'red. In another case, 
(in'danip acciimnlateil in a galhay in which a miner 
was at work. His piek eahsed spai'ks to In* pro- 
duced which were siitlieieiit to ignite the gas. .\ii 
aet'idi'iit oecnrr(‘d to a iniina*, who unaware of tin* 
fact that gas was escaping throngh a stopping, had 
brought an open light m^ar the same causing an 
ignition. A miner, while woiking in the stone above 
a coal seam, produced sparks by his pick ami tliere- 
l).v (anised an ignition of the gas which had aceiinin 
lated there. 

(//) liy avoiding the driving of such narrow 
and long h<'a<liiigs, espf'cially on the rise. 

(/V/) lly the use of .safety lamps in all <*onneet- 
ing headings and in g-.dleries whic'h are being <lriven 
in close proximity to faults and dykes no matter 
whether gas has boon detected previously or not. 

I am not. sngg(*sting the provision «»f a few safety 
lamps in every colliery only for the afor<*said pur- 
pose but it may be pointed out that under the 
regulati<nis it. is necessary that, during the coiirs(» ol 
the statutory daily inspection of the min<*.s, tests 
have to be made to 'dotoet iinex-peeted aeeninnlnti<iii 
of gas and these cannot, strictly speaking, be 
made properly without the aid of safety lamps. 

In .some mines the use of .safety lamps in some 
parts ^und 0 |>eii lights in others is .still prevalent. 


Accidents are known to have occurred by ignitions 
of firedamp by open lights whicli mimu’s inadvertent- 
ly brought into saf<*t.y lamp .seelirms. 'riiis fact 
.slionid be siidiiMent to di.'^eoiiragi* the use of mi.ved 
lights in :i mine. It is thend'on* desirable that, 
.safety lamps shcmld be imn’e liber;illy nsi-d than is 
iie<a*.ssary tf» im-et the niinrimmi i'e(|nireiiH>nfs of the 
Indian (\»:il .Mines Kegiil.irions. 'tlie amount of 
safety thus fusiired far niitwiMglis the small I'Xtra 
eii-^t and disiMimfurt in its n^e. 

I .se Ilf open light in tii(‘ fan iMnm and fan (‘\it 
has eaii-tcd aceidi’iil.. ()nly luelo'd s.afelv l.amp.s 
sinnild bi‘ provid«‘d fni* in lliest* plae(‘s. 

{!*) -•i// ,>nujis'. '1 lie t. t . .\i. ii( ; 4 nia- 

tiniis pi'iiliibil (Iii> ii>i' Ilf Mich |;iiiip<t in ;i mine but 
they are ncc.i-inn.iilx to be fmind in M»mc mines. 

'I he pei'-'iMis in (‘liarge ni lamp I'liums simietiim's 
negligently i*<siic deicelive safety l:im])-> to mine 
workers, iilile knowing the ainoinit of ri>k which is 
thereby incurred. I am of opiniun that in onler to 
make them rcali/.e the danger involved in the use tif 
defective .safely lamps in a ga.^sy mine they .shoidd, 
before being enl rusted with .safety lamps, be taken 
into a g.i.ssy f.aee wln‘re a thorough demonstr.ition of 
the pr(‘senee of g;is e.in la* given :ind the daligei* of 
igniting tin* gas Im» (‘.xplained. I b(‘!i(‘V(‘ that one(‘ 
they aetnally r«*ali/.«' the daiigcT lln*y would take due 
(*ari‘ in cleaning, lilting and tiioroiighly eN.amining 
the lamps before liie workiw's ai'(‘ .s<mt down the mine. 

\ snllii'icnt .s|iM*k of .salely lamps is not m.aiiitain- 
ed in .some mines, 'riiiis wdienever ihei’e is a ni.*'h of 
miners (lefet'tive lamps may be issiiral, sometimes 
with a cheap type of glass (nut of a|)prov(‘(| type) 
and singh* gna/.ts which an* not permit t«‘d by tie* 
Kegnlations. 

It is a ernnmon eoniplaint that miners tamper 
with the lamps in tin* miin*. linha'd, t.h(‘r<* are 
ol!einb*rs in s«>me ea.ses. esp(*eially wln*n no gas is 
found for some months together. \ew r<*ernits are 
mainly guilty of this ot1(*nee and this is no tloiibt 
due t<» ab.solnle ignorance of the dangj*i*. It is 
therefore essential that b(*for(* a .salety lamp is 
handed over to a minor he, shonhl be explaiin'd tin* 
dangers of tiimpering with the lamp. The miner 
should then be placed in charge of an imdergroiiiid 
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nnici:il wlio sliniild (IciiiuiislnilP to him the lisr nl' 
tli(* l:im|) iiiitl tli(* Miothod ol’ trst 111*2: Tnr ••[iis. It mny 
Im‘ Mi'^iicd (li:d it too imirli to (‘\|M‘i‘i nf :i iiiiiicr 
tn iiiuhTstsiiid :dl llioi* flniiii.’;: hut il •^litndd Iw 
i’<‘mf‘iid)'‘n‘(l tlisit. thi> is m iincstinii nl' s:d't‘ty iii»t 
oidy to tli(‘ iiiinor him'^idf hut :dsi» fn oIImms workiiiir 
in tin* miiir. It is (hrrnrnrc impciMtivi* In tin* 
in:iii:i^:<‘m(‘nt (o see tli:it rvni'v tlinnniLrhlx 

iiinh*r*^t;iinls Mm* ii.*'n nl’ ;i >;d'<‘ly In-Inn* In* 

milnislrd willi mn* in tin* \v<irkiii^'i *»f' ;i iniin*. 

W hy d«n*s :i miinT tnmjMT with :i "idVly hmip ! 
Nn /tii'i nr ^ninkiii*:: nppMiMins !>; :dln\v<‘tl l»» In* 
t:d\(‘ii iiini(*r^rnmnl ; In* d«i(‘s md ihnn'lni'n \v:inl :iii 
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cNtiiiLpii^Innl nin*s in tin* in hyn di'>lri<*ls \vhi<*h :in* 
l':ir tVom tin* iiiiin* (‘iitr.<iin*<*. 

Very low sjd’nly-lmnp mines nn* provided with 
ninier^rninnl liyihlinu sl:diniis. 'I'lms miners m:iy 
h;\ve In wsdk ;i «*nn--i<ler:d)h* dist:ine«* in the i!;irk- 
in’ss in nrd<‘r to rihPdii :inolher liirht or tn Inive his 
hiiiip relit 1 ‘rnm the Siil'l'jiee. Siieh :i pr:n*lh*e, if 
lint stopped hy some nf the memis siiLTiresInd nlinve, 
iniiiiht residt in :in :n'eident. 

'rin* immher nn the hndy nl' :i sniely lamp is 
sometimes fnnnd diiVerent from that shown mi tin* 
nil (*nnt:iiner. I’liless tin* same nnniher is niain- 
taiin'd on both tin* parts its nl)je(*t is I'rnstrated. 

I)ete»*tinn of eases of tainperiii*: is |iossil)h' mdy 
when a proper rivi'ttinjr maehiin* is used in loekinu: 
the lamps ; the ordinary lead plnj^s may he npj iied 
and relitted hy the miners witlnml inin*h dilVn idly. 
Maj2[in'ti<* looks an* niin*h more reliahle. 

S/nJ Firimj : A<*euh*nls are known to have 
oeenrn*d throii^:h the iVnilion id liredamp hy a spark 
projia^ated hy hlastin;^. As a jireeaiil ionary inea- 


snn*, only permit ieil explosives an* r(*<'onimended 
and used in jias-sy. ilry, and dusty mines. A fni’lher 
preeaiitioii enjoins that the iralleries should he ma<le 
dii''l Irei* and wi*f helore enimiieneiiiL!: tin* hlastiiii^ 
opi'ral ions. \\ ln*re the wlioh* oporalion is 11*11 in 
the hands o| shol lireis ihcn* is i‘ooin for doiiht if 
this iinportanl pi is alwa>s laken. 

I nles*» tin* pro|)i‘r i|iianlity ot eliai*!2;i* used and 
the posiiinM n| the Indes eoi’reelly >e|eep‘d, there is 
a ri-'k of .*1 hlown out slmi whieli in an ill-\'eiitil.*i- 
fed ira-'sy |aee may eaiise an e\jilosion. Ihlf it is 
i*eifi‘el fa hie tliat all important work of the nature 
di*s(*rihed above is alnio'^l iiivariahly left to the 
diseri*lion of a eonnnmi miner or of a shot lirer 
hardly heller than a iniiier. I nder normal eoiidi- 
lions tln*si* shot lirer>. ilo fairly well ; hiit in !»:assy, 
dry, and dn*'l> inim " inor** inleilii2'enl persons should 
deeide the i|iii‘'^l ion o| plaein*;' and eharu:inL 2 ; of shot 
hoIe*v under \aryin'i‘ eonditions. Iiefore liriiiLT a 
shot in a 'ja*-") mine an iii*<:pee| ion ninsi l»i* made 
for lias ]»y a persmi i|iiaiified in i^as testing. 

A laree pereeiitaL’e of aeeidents is dm* to explo- 
sives and the safety of live*^ and projierties depend 
on the jiid'xmeiit of shi*t lirers to a i2:reat extent, 
^riiere are a niimher ef manae'*r'^ who always want 
the Mines Department to taki* the initiative. Ihit 
why wait till the Mines Department eiiforees a 
standard lor this elass nf workers ? Is it not pos- 
sible to have a standard for ymir ).'ai'tieiilar mine 
anil to sat'sfv mmii'si-M that a eaiididate is up to it 
before yon so liberally i‘''-iie an ant hori/ation V In 
faet regulation of I. ( '. .M. I*, eoiiteniplates this. 

Fall of Roof 

This elass of minin*»' aeeident aeeonnts for tin* 
hiij:he>l pei’j'eiilaire of mortality every y(*ar even in 
India where the roofs e;ei|(.i>;dly are more dependable 
and siiimd than in Mnropeaii eoal mines. 

'riiere an* .some eoal mines in India that m*ed no 
timberin'^ what'-oever diirini!; the whole workiiiLi:, 
whih* diirinm the r(*nioval of <*oal pillars, props si*t 
at d' to 1/ eeiilres meet the rei(nirement.s. A little 
steel support has lieeii ^iv<*n in soim* .•sections f»f a 
few mines more for tin* .'•'ake of pennanenee than to 
meet the aeliial ri»of weijrht. 'I'ln* mines heintr eom- 
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p:ir:itiv('ly -^liallnw. except ioi):iIiv h:i(l (rrniind, lieriv- 
iiiyf, tlinist, jire i-ehlnin met wllli. 

Why tin (Ih>ii siieii :i iiiiiiiher nl' lu eiiltMils 

clue to hill ol root ni'eiir <‘very ye;ir ? M<‘i'li:ips mu* 
or ndier ni' tiu* rnllnwiiiLC :i t‘niitril)iif in^ i‘Miisi* 

(a) Thr ihillfi r.nimintilittn is m eiii-snry mu* tine 
to nver-eniirideiiet* in the streii«;;(ii of the nior. 'riiis 
is esjieeiidly the e:ise where «me sirthir nr nveniiriii 
is r(‘i|llirfMl tn silpt‘rvise ton hijr :||| ;ire:i. '^riiere e:ill 
be iin deiii:d of tin* hiel th:it in this p;irtieill:irr(*spee( 
tIu* ennsidendinii nl' ^:l^ety is .‘«;ierilieed by snint* 
nwner*« :ind enii'^etpU'iit ly by their ni:in:i^er.’s ton. t'nr 
tilt* sidvt* nl’ eeniininy ; this i^ hilx* (‘ennniny, Inr in 
tiu* event nl' :i m;ijnr neeitlent, p.'iynuMit td' lu‘:ivy 
t*nin|>(*ns;dinns h;is tn i>e iimtie. [n se\‘(‘r:d iniiu‘s 
the nnniber td' tin* •'iipervi>inu' >t:ilV is di‘terniiiu‘d 
lint by the >i/.e ;ind tiu* eninpli(‘:itinn nl' tiu* pnrti' 
eiihir niine, bid by the iiiininiiiin fijunre th.'d emild 
111* in:uh* MeeejitMble tn the M {lies' I )ep.'ir( nu*nt. 

(/j) There lire niines where n niiiiiber id' (|n:ili- 
lied sinhirs h;ive been nppninted but they nre jriveii 
St) niiiny tithei* didie> th:d llu‘y '^pend iimst, if not 
idb t)f tiu'ir time in ntlt'iulin^ tn tht*m inul iind little 
tiiiit* for the prnpf‘r inspeetimi td' the mine under 
Rt*^. 7t). A ennminli tinty nf t he sil'tliirs i** tn niint 
tubs the miner'H :ind tn >et‘ th:d they nn* properly 
loiidt'd. This iiiemis tlud nntler the nrth-rs td' the 
m;in:i.‘r<*r Ihe sirtl.irs wnniti spemi n m:iini’ portion 
id’ their lime mi the loMtliiuj; lines. Airnin, prneti- 
e:dly spenkinir, tiu* snl’ety of the miners in tht*ir 
wnrkinef id.iees tlept'iul^ on the enrelnl exmniiiiit itui'’ 
ni:ul(* by the sird.ir ;il freijiieid intm-vuls. |hd the 
sirdiir tir tivei’iium td' :i nnn-u::issy mine is jrenenilly 
prt>vith*d with ;i “Miiij-himp'' t»r :it the mt»'-l, ;i hmul- 
l:iiiti‘rn. 'The iiimj: himp emit< ^n nmeh ''iiudxe wht*n 
tho wick is prt»p(‘rly dniwn tmt tlud tin* exjuniiinlinii 
of :i rntif id even mi'dinm liei; 4 :ht bi*enmes :ihnn>t 
imptissibh*. W'itli :i luintl-l.-intern only the llnnr :ind 
tiu* sides II]) In :i eertain heiVht can be >eeii ; and 
the examinatinn tif the |•nnf with sneh liy:ht is merely 
:i guesswork. I ’ldess .1 stmiii: litrlit i> |)rnvid(*d, the 
thnrnii^h inspection as rtuiniretl under Re<i, 70 ean- 
iint be made*. In thit'k M‘am workintxs, (‘vc'ii a 
cNirbicle lamp eamml be ennsid(*red ;i;nnd c>nmi,<!:li ; 


so, for the projicr (*\amination of sneh roof and 
sidc*s, ap])rov(‘d eh*etrie torelu*s should also bi* pro- 
vidc*d. 'riu* additional t'ost involved wtudd lu> nuin* 
than repaid by the* r(*diie(‘d niimbc*r of aeeidents and 
<‘onse(|iu*nt iai rediietimi in paym<*nt of (*nmp(*nsatinn. 

Then aiLTain, for a thnrniiu:h examination of thick 
s(*ani workiiiLTf^. n hm.!*: |M>h* must be* earric'cl all over 
the wnrkinH;s. In tiu* enili(*i‘i(‘s wlu'rt* tiu* nvermaii 
(who is id‘t<*n r('(‘rniti>d from ri*>p(*etabh* eminimnit ii‘s 
ami henec* ennsidc'rs it beneath his diirnity to do tiu* 
work of a eninmon labniirc*!’) is not ])rnvid(*d with 
an ttUnn/tntI to carry tiu* Imijj: testiiijj: pnh* for him, 
hi* is likely to be satisiieil with making a visual 
<‘\aininatinn of tiu* roof and tiu* sid(*s instead of 
n<ini^ t he p »le. 

\n propel* means for sati^faetory inspeetimi of 
the trav(‘lliny: mails has been provided in several 
enllieries Working* thick seams. 

Where the sirdai' nr nvermaii himself is re(|nired 
In dre>s down the weak roof and sides, the work is 
:ipt In be enn-^l ant l,\ pill n|1‘ iildil it beenmes ti.ii 
unsafe nr an aeeideid aetn;illy neeiirs. I 'iiless the 
iniiu* ha-- junt ail except imially >trnn'i- roof, the 
inaiiairer wniild be well advised in keepiiijj; at least 
mu* in eac h mine : this man emild 

easily be employed in snim* nthei' work iimleri>T'niiml 
at times when he would be free from his ordinary 
duty. 

11. as rei|iiired by the re^fnlat inn.'-, tiu* miner." 
were trained to te."l their wnrkiiiLi: places at freijiient 
intervals, a larire number of aei ideiils emild be 
avoided. This i" not a dillieiilt proposition ; 1 have 
."cell it done bv all the miner" in at le:)st one mine. 

(f ) l*tHfir Hnhhintf is a fruitful sniiree of accident. 
Pillar-rnbbiiijL!: In any emisiderable extent is praeti.sed 
nnl> in tlioM* niim*s wlu*rc* the maiiairemeiit eitlier 
•nnnivc's at it or is slack in supervision. Rillar- 
rnbbin^ can be stopped liy a (*lnser supervision, 
liberal linie-markiini: of pillars j)rel’<*rably with xvide 
brnsh(*s, erc'elion and maint(*nane(‘ of siibstiintial 
leneiiijj and the ])ro.se(*nt imi of otrenders. .Mere 
sl.op])ajj:(* of payiiK'iit for the rolibeci coal is not a 
piniisiniieni, rather, it t(*nds to inen*ase the crime. 
Perhaps the* overniainiin^ of the working ij:alh*ries 
itidiu*es (he* miiu'rs to rob pillars. It is far b(*tter 
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(o spinl surplus miin*rs ;nv;iy il* (Ik'ih* is n 
ni workinjjc ]»lji(*(*s. 11 tin* inincrs niv Irl't to 

s(*lv«*s to liiul llicir nwii workiuir jiImoc's sjuih* at Ioa>t 
w<»iil(l iiivariakly altfiiipt tn oktaiii coal ill(‘>j:ally. 

Ill mines when* tin* payiiu nt for woi-kiiijr 

is based on tin* I'oolavie and in t prr tub «»!’ enal 
loaded, (here is no (iMiiiitation lor (he miners l«i 
widen the «j:alleries or to ntb (lie pillars. W’hoi-ovrr 
possible, this system shoiihl br introdiiecd in “whoh* 
work/’ 

There have boon easrs where, aerordinu- tii the 
manajLrement. tin* miners deliberately erossed the 
fein-es to rob pillars bn( (he miner- (heiiiselve.- 
deni<‘d the ehar;j:e and held that (hey had met with 
tin* aeeid<*nt in their bonalide working- plaees. Sindi 
a s(at<* of (hinirs is entirely dm* Vo (lie er‘‘<’tioii of 
llimsy lenees. Wdieii a plaee is eoiisidered (o In* 
dan;jr<‘rons, tin* danger should be remov(*d at oiiee. 
if possible, othei’wise a -iibsl ant iai leiieinii '^Innihl 
In* put 11 }) not only to pi'eveiit entraiiee but to prove 
beyond dispute*, that (InTe was I'ein'e in e*ase anyeme 
eleliberately <*nt<‘rs. 

(//) Faihnr tn rnnnltir I hr mrf nm! Utr siihs 
tiflvr hlustiiKj has led to many ae<*i(h'nt-. It ha- 
been round that loaelefs return to t he •gallery soon 
after blastiiiir and before tin* shol-lirer or some* other 
(‘ompetent pi'rson ha'i made* :in iii-pi'et ion, < oinmein'e 
loading' the bla-leel eoal when some loo^e pieees fall 
ainl hit lln*m eansimr an aeeideiit. In order to 
avoid this sort of a<‘eident il is imporlaiit to -et* that 
the sliotdirer doi*s not h*avi* the see-lion «d' the mine 
immeeliately afte*r blastiny;. Ib* 11111-1 wait till the 
smoke* eh'ars and (hen maki* ean‘fnl e\:iniination 
for loos(* pieees ed' eeial «ir -tone in ro«d and sieles 
be’lbre* pre»eee*dini!: te» atteini let work e*ls<-wln*n*. If 
in*ee*ssary a fe*w aehliti«»nal shol-lirers may be 
appoint(‘<l in biLr nnin*s se» as to brinu:: tln*ir e-ireles 
ed' op(‘ratiim within n*asemabie‘ limit-. 

(e) Ith: IS b(‘en initieed in (In* w«irkiiiu;s id' some* 
mines that when* a pr<niomn-eel slip has appe*ared 
in tin* iniddh* eif a .•ialh*ry it ha- been ^•xpo.-^MI 
eeiiitinneMisly as hnijf as it hdleiwe-el t In* bearint; eni 
whie*li the •gallery was In'ini* drive*n. I nh*ss it wa- 


nieaiit fe»r hanhnjre*. draina^'e or some- either impe)rtant 
piirpe>se*, the* eenir-e* of (In* iralle*ry eenild be sliirhtly 
altere'd (o e*aii-(* tin* -lip (o le-st on solid pillars, 
rids simple* pre*eantiem would eh» away with tin' 
Intiire* neM*e*— ity id -iipporliinj; tin* •ralh*ry, failure* e>f 
whie*h leaeb (o all aeoiele lit. ft has alre*ady been 
re‘e‘eMnme'inh*el by (he‘<'hie*f ln-pee‘(or ed' Miin*s (hat 
wln*ne*ve*r L''al!e*rii*s an- elriven in elose- preeximity te» 
laidts or el\ kev-, e‘\e'ry pre'i'aiit ion shemlel be* takr*ii 
to ke*ep the* rnid -eeiin*. Safi-ly (iinbe-rs slnmld 
always b< -i*l whe'ther il appear'^ neee*s-ary eir tied. 
\\'ln*reve*r lin*re* is a -n-pie*ion that (In* reiof is or will 
l)e*eoiin‘ te*neli*r. timl)i*rinii -lionhl be* made* liberally, 
'^rin* e*ros^-j( dill- :iii* siiiire-e- id' daiiLi'er ainl shoiihl 
lie dealt with in a -imiiai* iiriimer. 

{f\ Il ha- been fmind that projis anil e‘heM*ks 
are not alway- m ! properly. In pi-oppiinr, sonn*linn*s 
loo -mall a liel i- n-ed wln*re' a lii'^Lie-r one would 
have* se-rve‘d belter. Soiin'l inn- a we-eb'i* is se*! in 
the* wromjL* elire e-t ion ; -oiin- props an* loo thin or 
e*rooke*d to |•|*nell•r efleef is e- '•el’V ie*e. 'riie Ihtri HV 
(iiiii)i‘r iiii-lry (idlem a e oniiniin labonri*r who knows 
only he»w to eiil rollas into piece- ainl to set 
tln*ni soiiiediow) i- n-iially (In* per-oii (o n-e* his dis- 
e-re*lion in -eleetiii'j ainl -e(liii!L:- prop-. In a few 
mine*- onl\ . i- In* liiiiileel l» (In* -iipei \ isill^■ stall' in 
the* matter. Prop- are -ecu (o IriM* bei>n se*( on 
loo-e niale-rial in -ome iiiiiie^ in-l'>ail of on tin* sidiii 
^rroiinel, sneli a prop can 'jiN’e im -iippnrl to the* roof. 
In -e-ttiii'j; bar- loo, llie* riL'Jit se»r( ed' I iinbe*r is ind 
always eise-d. In -ome* mines there* ai’e* bars w'hieb 
harelly loiieh (In* ro«d. owim;, lir-(, to lhe*ir erooke*(I- 
iie*.— ami se.'omlly to the ab-i*ne*e id any lajiyiin.!; (e) 
hold (hem ti.uiil a^ain-t the roof. ( )wine; to holes of 
iii-iillie'ii'iit elepth ill tin* -ide- some bars, whe*n s(*(, 
simply e-riish (In* -ide enal as -nun a- tin* we*ie;ht 
whieh (hey an* meant to bear eomes on. 'I'liiis, sne'li 
bai's-i.N'elo !2;ive* only .1 labe sense o| se*eiirity. 
'rids remark al-o apiili<*s to inaiis stone pae*ks or 
e-lioeks, wiiieli i.nee built I i*j.h( :ieaiii-( (In* roof, sink 
<'on-iele*rabl\ ileep blit remain iiiiin il iced. In e'ertain 
inini*s il i- foiiiid tli.il (In* Moor e*oal has be*(*ii 
re'inovi'd in -in*h a way as end to leave* ev<*n a lend, 
id’ e*oaI for tile* -npporl of prop'-. ere*e-(eil to withstand 
the* roid wi*iLrht. |•.\■e*n tin* -imple pri‘e*aii( ion id 
e*re*e*rmir a te*mporary support be*fore* the removal of 
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an old tuiibor is not always tak(-ri. If tlio siiporvis- 
iiig stair were striot in the matter, the defeets re- 
jrardiii); setting <»!' linilxTs would disappear somi. 

If, whih* y:oinfj: lluMi* rounds, tin* iii:injijj:ci*s and 
their assistants find ins(!eiire plaees some of them 
finish their duties by or(h*rin‘j: the timlaTmaii to 
ereet timber. If tin*, timbermau is an experieiieed 
hand, he do(‘s the i«>l) fairly well, i»nt y:enerally the 
work is done pi*rfiinetorily and thus its purpose is 
d(*ieated. Mere onlers ijiven for tin? timlxa'in*; or 
the dres.siiijLT of a n>of are not sul1iei<‘n(. ^riie in- 
dillenaiee nf llit* Mipfrvisiny: stall' in this respcM*t 
has le<l to many accidents. 

J^iilurc to take dm* inecaiition Inis <‘aused 
accidents to many tiinbiM'ineii whih* eii^atred in 
st'ltiiijj; sn|iports. It is tln-refore inipnrtaiit that in 
bad y;ronml tin* work nf erect in;* support should be 
earriial on ninler tin* .-n per vision ol one of (In* mine 
ortieials. This is <lone in wi-H ore:ani/«.‘d niiin's but 
unfortunately their number is Miiall. 

(^) In dressiiijir roof or side coal, tin* miners 
mak(i their own arran‘j:<*nients where y/o phiffnrufs 
are Inj the ntanciicinrut. 'I’hese arraiiLje 

iiK'iits an* very nnsatisfactory and do not aH'ord the 
miners security in case tln*y have to dislod<r(> larjjjer 
lii<*ces of coal than they <*\pecled. 'riiere have lieen 
several cases of accident from this sonn*c. In every 
mine where the I'oof (*annot be reached easily and 
whiTe the ilressinii: of roof and side i-oal or stone 
has to be I'arried on for some tiiin*, suitable, plat- 
forms should be provided for and kept in readiness 
for iisr*. This should be done particularly when 
such an operation has to be carried on in depillarin^; 
sections wheie the iMinditioiis of the roof ainl sides 
may altt*r at any moment. In depillariny; sections 
the unsnpporti*<l nmf lM*twecn the last row of props 
and the face is oi-casionally h*fl unnec»*ssarily wide. 
This is always the* <‘ase in mines where there are 
not a snt1ici(*n( number of tiinbermcn. 

'rin? practice of //n/i//»/f/ ///e rnaf an praps arvr 
a fatrlfi tiinjc arm in d(*pillarin<r sections has leil to 
accidents. “Koof coal shonh! be tak(!n dow'ii in all 
loading; levels to a distance* from the j^oaf never 


loss than tho loiijotth of two pillars, and tho rails 
should be removed from the loadinjjr |«vel before the 
Umber is withdrawn from a gnaf/' Safety prop 
drawers arc not used in many mines in which 
pillars are extracted. 

I'he extraction of thick seam i>illars rc(|nires 
sp(H*ially trained timbermen to reduc(* the risk in 
this dan^enms operation to a miiiimum. It is there- 
fore important that only those timbermen who liave 
been traimtd in thick seam extraction w'(»rk should 
be employed. Soinetim(*s imdne r(*lianee is placed 
oil the soiindncss of tin* roof ami the ilressin^ of 
pillars is k<?pt. y:'»iny: on until an extensive fall of 
the roof occurs. 

.\ sudd(*n and (*xtensive fall of roof in th(*jioaded 
art*.*! causr‘s an **air blast*’ anil many persons have 
lo>t their lives on this aecoiint. ^riie only way to 
niininii/e this daiij^er, as rf*coimm*nded by the Mine.^ 
Department, is to (*ncoiira^(* the break of the* main 
rool on smailar areas alony: with the '’bivikeii work.’* 

The dr<*ssin‘j: id' the soft .'hah* or roof stom* is 
som(*times h(*ld in abeyama*. At tinu*s aecielents 
oc«*ur, elne to the* fall id’ a piece, 'riu* plea for not 
elressin^' tin* stone* .ind shale is that it is ditlicnll to 
dre*ss the*ni elown until lhe*y an* siillie ie'iilly wc*athcre*el. 
rmle*r sue*h e*ire*nins(an<*es, it is aelvisable to e*re 4 *t 
te*niporary siip|)orts for sin*h rotd’s. 

In some* workinj^s the- (‘.\hanst ste*am from une|e*r- 
^roiinel e*n;j;ine*s ami pumps is alhoved t(» e*sca|)e into 
the* woikin^s ami then* is no arraii^e-im-nt to lake 
it out id the* mine*. 'This ste'am h:is a eie‘lrlmen(al 
e*t1i*ct oil a cerlain class of roof. 

(//) lOvt-i y \ ear, a nninb(*r of peisons are killed 
>Nhile alte'iiiiitiny: to rennar mat fraat fnart! areas, 
especi.'diy aloiiy; (he eihjjes of i^oaves. In some mine's 
a siiijjle strand of wire* is attachcel to two pieces of 
timbe*rs or sh*e*pe*rs which are* kept le'aiiiii;:; against 
the* pillars on either sieh* of tin road wliiedi is 
snppose*d to be* kept fe*ne*e*el. 'This sort ed’ fe*m*injr, 
if at all nie‘ant to im*i*t the ree|nirenients of the? I.(VM 
Il’*jis., does not serve* any nse*fu| purpose. The* 
mine*!* is t(*mpte*e1 to e*nle*r the prohibited are*:i rpiick- 
ly by re'inovinjr the timber or sh*e*pe*r from enii* 
side*. If he* is e'.aii^ht, he says that the fe?ne?e* droppe'd 
and that ho has not crossod any fence. In order to 
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n]iriiiiii/(> from this smirro. siihstiiritial 

and doiibift rows of barhrd wiro fence's should he 
eroctod and maintained. It nii^ht he stated here 
that in those days the* erect itm uf I'cnccs has fre- 
qiiontly got tho iinal say in settling: tlic' claim for 
coinpeiisatioii followintr an accident in or alioiit a 
goaf nv prohihite'd an'a. 

If aiTangenieiits an* niaele to ^priiiKic lime or 
SOUK' siiitahly ce»loiired wafer ov«‘r the falhMi coal in 
the gtaiveel area hy means e»f a spray (hand) pump, 
the miners would he* eliscoiirage'el (I'carint; i‘asy de'fiM*- 
tion) fremi e‘nte>ring the goaveMi area for the e*asy 
ce>al. 

Ill semie e*ases, the* haulage* pnsfv< i,|' coal-eailfcrs 
we're not se't in ne»rmal greaiiiel with the rc>iiit that 
as soon as the' post was taut a portion ot' tin' local 
reiof e'aiiie' deiwii and e‘aiise*el an ace'ieicnt. 

Fall of Sides 

Ace'ieh'iits nmicr this he'ad eomc next in im 
peirtance*. 

In some* mines thick se'ains e»|' coal an* worke'el 
ill sle'ps. "riii'se* give* the' snpeTvising stall' an 
eipportiiiiiiy of inakiiig a (‘lose* e'xamination oi' the 
sides iiiiel the* roed' and tlicrchy ensure grcati'i* 
se'curity. 'riiis me'thoel «il' work shouhl tluTcfon* he 
iiitrodnce'd wlie'ieveT practie'ahh*. 

If the' sieh's are' not h'I't (»verhanging many 
accieh'iits can hi* averteel. In a large* inimhcr o| 
mine's the* miners are* allowe'el to mielcrciit the side 
to a much gre'ater e'xtent than what they arc capc.hic 
e)f dre.^ssing ehtwii in the course* eif their shifts ; the- 
resuit is that the sieh's staiiel eivcriiaiiging until the 
supervising staff* ha ppi'ii te» no(ie*e it anel ge*t sonn- 
miner to dress it de>wii. If (he> mine'rs are* aihiwe'el 
to iiiidereut only se» nme'li of the faea* as flie'v are* 
eapahle eif working in a parlie'iilar shift, no e»ver- 
haiig Avoiiid form. 

“Sliiis’’ in the? coal itself are re-spoiisihle for a 
number of aecideiits. Some are well proiieiime*e*(| ; 
others, tlie)ugh iieit ch'arly proiionnceel. may he* 
detecti'd if carefully examine*el hy a strong light, 
such as ail electric teirch. lii weirkiiigs full eif slips 


anel eross-joiiits. the ii'^e e»f a teircli hy the supervis- 
ing stall* shenilel he maeh' eompiilsf»ry. Ilideh'n slips 
may not la* giiareie'd against, hut those (h'teeted 
slieiiihl promptly he* maeh* se*<‘iire>. I)e*lay in doing 
this has soiiie*tinie‘s eaiise*el ae'e'iele'iits. Weirkings 
ill till' lU’oxiinity of ilyki"^ anel faults should he* kept 
imele'i* prope'i* eihse*rvatieiii. 

In e'e*rtain se‘anis, the* sieh's ]M'e'l eifV the middle 
eif the* pillars whe*n tin* e*e>al above ove*rhangs in a 
ehiiigi'roiis mamie'i'. In wcll-iiiaiiage'el mines rows eif 
''iihstantial wire* fcne*ing are* crce*te*d in the* miehlle 
id' the* travi'iling reiaels and •siiHie*ii'iitiy far from the 
sieh's of pillars to pre've'iit persons from going ne'ar 
the* sieh's cithe'i* to lean against tlie'in or to rob them, 
'riiis excellent prae*tie*e* shoiilel he followe'el in all 
mine's working iineler similar e*oiielitiems and aisei 
wlie*re‘ pillar-rohhiiig is a regnlar eu'ciirreiie'e*. 

In fairly soft se'ains the' mielereiil portions ed'the 
galh*rie*s shoiilel he te'iiiporarily siip|iorte>e) by sprag- 
ging. Tliis safe* nu'thod is not always aehipteel. 

'I'iie* sieh‘s are* seiiiie*| ime*s daiiiage*el hy blasting 
anil shoidd he* e'ar<‘fiilly e'\amine*il hy a e'ompe'te'iit 
pe'i'soii. who shoiilel he* spee'ially appointed in 
writing for the* pnrp»»se, hi*fore* the* loade'i's are* 
alloW'e>el to e*iit(*r the plae*e. d’he' sides of pillars 
hi‘eonie* sliatti'ri'd anel tis>m'e*el to a niiie'h gre*afe*r 
e*xte*iif by blasting than by haiiel-pie'king. 'The. 
blasting of soft e*oal to obtain a large output can he* 
jnstiiieel only wln*n si>eeial e*arc is taken to pre'Ve*nt 
fall-. 

Kails oei'iir mostly in the* pill‘ir-e*iitl ing see*tions, 
s|M*cially wln*n the se*am is fairly lliie'h. With (he* 
weighting in the* iicighhoiiring goaf, the' pillars are* 
more* or le*ss eriislie*el anil unices fre‘i|iie‘nt ins|ie'e‘tioiis 
are* maeh* the* elangcnais condition of the pillars can- 
not he* ele*ti*e*ti*el ill gooel time*, 'riic ^iele* e*oal tin'll 
hursts, killing persons in tin* iimni*eiiate‘ iie'ighhoiir- 
liooil. Kxpe*rie'iie'('el pillai'-e'iiti ing siriiai's fre‘e|iiently 
stop weirk for a while* anel ascertain by liste'iiiiig 
whetlie*r the* goaf is “(alkiiig.'’ If the* side's are* 
teste'll at ri'giilar iiile-rvals hy the supervising staff 
ihe^ miners weirking the re* will naturally her on the 
ail'd anil may tlie*re*lore* e*se*aper from micxpe*ctcd 
falls, ll li.'is ofh'ii he(*n foiitnl that e*alloiis p(*r.soiis 
faileel to take' notie'i* id' the* short ami sinhh‘n 
warnings give*ii hy the* roof and siek*s in tho dcpiila*’. 
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ACCIDENTS IN INDIAN COAL MINES 

iii^ M.‘('tiniis :iii(l thus iiifl with In my 

opiiiinn iin IViii.Mlrs, snul only tin* smart nuih* work»*iN, 
should l)f miploycd in the iiiimodiato vicinity of (he 
pillars nnd<‘r <‘.\(ra('(ion. 

Where the >ides are loose on travi'llinjr or 
haiilatre mads, the repair or support shonld he more 
snhstantial than when it is in mines, 'riien* have 
he<*n **a>-es where tin* p«»or timherinj*; jjave way 
earlifT than e.\peet(‘d and led to an aeeident. 

In open workinji;> (oti, many aeeidents oi‘<mu* hy 
the fall of sides. A majority of tlu'sc' eases is dm* 
(o (In* avoiflaiiee of ‘Mead-work" to an nndne ex(<*nl. 
If th(‘ overhiirdem is strippesi haek in advan<‘e of 
(In* workiiijj 1 ‘aeM*, ae-eieh*nts of this type* will hanlly 
ever oeeiir. This is v<*ry w<‘ll kimwii to all emieeni- 
eel, hnt iinfoi-(ima(ely llnae an* ;it h*as( some who 
a|)pt‘ar (o have* little* i<r no re*;>;ard lor Immaii life* anel 
(Inis do not he>i(at<* to kee'p (Im workings in a elaii- 
y;e*re»ns state* nntii eh'le*e*(e*el hy e»Hie*e'rs eif tin* .Mine*s 
I )e[)artme*ii(. 'There* have* h<*e'n <*aM*s te>ei where in- 
snnieie*ne*y e»f (he* .shipe* e»f >ieh*s was elm* to i»:nei- 
ran(*e* eif the* Mipe*rvisin;r s|:ilV aheiiit the* re‘al nature* 
eif (In* e»ve*rhnrele*n tei he* eh*al( with. It has alwav> 
hee*n re*e'onnne*nde*el (hat in all hieise* iiremnel, (he* >ieh*> 
siieinld he* slei|ie*el hae'k at an an^h* eef ahenit lo^ or. 
if ste>ppe*el h.*n'k, (lie* >l(*ps slioiilel imt he* ineii'e* (hall 
five* fe*e*( liiLili and met le*>s than live* I'e*!*! in wieltli. 
If ( he'se* >n|i‘i:i*s(iei||S we*re* I'eelleiwe'd many ae*eiih*nts 
WemhI he* aveeie|e*el. 

'The* iimh're'iitl in^ etf sieh*s is ehme* hy mim*iv 
whe*re* (he >npe*i'vision i> ne>t >trie( anel wln-re- (In* 
e»ve*rhnr<le*n is le*ft stanelin^ :is loner as peis.'-ihle* lor 
the* sake* e»f e*e*enieimy at (he* >ae*rirn*e* e»f sale*tv. 'The* 
side's slienihl always In* weirke*<l freiin the* teip ehiwn- 
warels tei (‘iiMire* (he maximum amenini eif sde'ty. 

Some*(ime*.> pe*i>eins ;|ji* e'ltifileiye'e! (e» weil'k heith 
een the* tot) as we*ll as the* leiwe*!' parts ami (he* heifteiin 
of the* sleepe*. 'Tims, if a pie*e*e* is reelle*el ehevvii the* 
sleepe*, the* me*ii wen*kiny[ he*leiw are* injiire*d. If the* 
snpe'rvisiny: statV is met ne*«rh*e*lfnl, this will mil 
happe'ii. 

In many e|narries, hieise* pii*e'e*s ed >le»ne*. i*te*., are 
femnd lyinii' em the* e*dy:e while min(*rs an* e*inploye*d 


uniiiediately he*Iow. Tii order to avoid aeeidents 
freiin thi'se s(eine>s falling em (he w«»rke»rs, (he*y sliemld 
be i<*move*d at least live ieet away fmm the* eily:e*. 

Possible Accidents in Shafts 

(e/) (trvnriintiini\ T'eir(nna(e*ly (lie*i*e have* imt 
he*(*n many aeeidi'nts eif (his class dnrin;r (he perieul 
nnde*r re*vii*w. The re*asein for this rarity is that 
many (*eimpaiiii‘s weii'kinjr eh*np shafts have* (ireivide'd 
eeve'rwimlinjr |>reve‘ntiein eh‘viee*s for the* windin;; 
e*n«rine*s. \\'he*r(* the* e*eintrivane*(* (ails the* failure 
is ‘rf*ne*rally ehie tei the ney:h*e*(. in hrin^in^ the* cem- 
trivaiiee* into ope'ratiem feir a leinj;r time*. It is e*ss<*n- 
tial that sne*li e'enitrivaiie'e* slniiild he* lrie‘d frimi lime* 
tei lime and at tin* same; time* i(- is in‘ee>ssary tei train 
(In* wineiin^: e*ny:ine* drive r in hainllin^ tin* e'liiriin* in 
e*aM* of an <»ve*rwind. 'The simpler tin* ovei'windiiijL:: 
pre*ve*nlive‘ de*vie‘e* provieie*el, the* more* de*pendahle 
it will he* as (he're; are* f(*w e'omplie'a(e‘d parts like*ly 
tei ^o out eif oreh*i‘. It has h(*e*ii found that over- 
wieelinir has he*e*n eaiise-el hy an im*xpe*rie*nee*d eii* nn- 
an(horiy;e*<l [leTMui drivimj; (In* wiinlinjr e'li^iiin* or e*ve*n 
hy an e‘xpe*rie*nee*el e*n“ine*-drive*r whe*n eive*rweirke'd. 
I>y arraii^inu' lor siiitahle re*lievinir hands (he* mana;;e*- 
nn*n( can pn‘ve*nt ‘•iie*h an eu*e-iirre*iM*('. No pe*i*sein 
slniiihl he* Mrivcii rhai;.n. of a wiiieliii'i e'lmiin* ine're*ly 
em his pre se*iil imj; lo (In* maiiai'er tin* e*onnle*rpar( eif 
an :oitlniri/:il ion i<^m‘i| hy a maii;i<ri*i‘ of some* othe*r 
e*eillie*ry. Tin* applioaiil "11011111 In* 1 1 niroiii'hly e'xa- 
niiin'fi ami ap|iointf'el only wiicn in* prove's to 
he a e*oiiipe*l<-ii! peT^oii. < hily the* In*."! haiiels slnnihl 
In* I'lil rii"(oel wilh (In* po-( of .01 e*ii'rim*-drive*r as 
(In-i’e* ai'j’ 1 :i"i " on ri*i iii el to -liow I hat (*ve*n <*x|ie*ri- 
<*m*e*e| pmrineiin n have* |n"t I'onlrol ol (he* e'li^im* and 
thus raiise*!! ae*e iele*iit As many \vimle*rs are; mil 
li((e*el wilh (In* eive-rwimlin'r pre*ve‘n( ive* eh-viee* it is 
aelvisahh*. alllioiitrli (he* lie‘*4s. ilo not eh'inaiiel it, that 
"hafts of h‘"S than loll feet in eh*pth toei should he 
preiviele*d wilh eh‘l:irhiiiii ln»ok". ( )(*easionally it is 
feininl (hat (In* brake* of an winding: e*ny:ine is weirk- 
in«r loose* or a wiinlinjr niijriin* has not been prei- 
vide*<l with an aele*e|nale‘ brake*. It is de*.sira])le that 
the nianaire*r slniiild himse*lf eimasionally te*st. the 
e*nie*ie*m*y of the* wineh-r brake*. 

(//) Jinpt.'s mill ('limns IliTiihiiHi : It will 
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iippcar IVniii till* |ln< ,1;,^?. clMiins tln‘ 

Inwpst niiinlMT of riul<niI)hMlIy llii'i din* 

Ui :i mn'l'lll srliM-limi and rxainiiiai imi nf mpi-s, 
cliaiii.^ Mid all iiiaPa'ials ii<^rd i'nr Inwcriiaj; and rais- 
inu: prrscms as |■^•<•nnmn■lHl^•d Iiy Mr Siinpv.in in |ii< 
paper. 

It wniiid be a ^niid pi'acticc to liax' tlw purlioii 
(Mil oir at lli(‘ lime r»l' eaeli rerappiiiii I lioroii»ldy 
t(‘s|(*d and slnMi^lli, (‘Ic.. delenniiied In allow a 
snllicMiMil I’aelnr of safely fnr fiilnre ii-o of llic ropi*. 
In eabMilaliiii!: llie fa<-tor <if -^alVly ihc -iiddeii ji-rk 
owiiii; to a bi'isiUdown o| llio t(M‘tli on thr pinion 
wlie(‘l of a windiiiLT eim'ine >lioiild be taken into 
(‘oiisidiM'atioii. 'rii<‘ rope ''lionid not be overstrained 
by lifliiijir heavy loads. In w<'l shaft tin* rope slmnld 
b(* o;reased more than om-e a week. Non •spiniiiiii*- 
rojies for .sinkiiijj; pits have been reeommeiaied. 

(e) II'A//r fisfcmhint nittf •!( srcmlinii luj 
}htt hiiift (I : .\ lari»;e nnml»er of these .lec'ideiits 

were due to !ib>ene(» of eaijje i«ates in the past. With 
the int rodiietioii of reoiilation oS (k) this elass ol 
:ieeid(Mit has been eon.si<hM'ab|y rj-diieed and in the 
year there was no repmt of any ease. Most oi 

llies(» aeeideiits in leeenl >ears have neeiirred to 
iiHMiibers of the stall* who have not bolln red to have 
the tjates lixed. 

As a result of allowint!: the eiiide ropes to Aork 
slaek some a«‘eideiits have oeeiirr d by ea^ies ami b> 
the ea»re and tlie balanee w<‘iii:ht e»»llidiii!i: at the 

meetino|. In deep slnijt-; ;i little slaek iie^.'* ol tin* 

Lfiiides woiihl eaii.se a eoiisiderable oseillatimi ol the 
eaires wliile in im»tion. It has been n’eommeiided 
that to meet all eonditioiis four L;ni«les shonld lie 
lilted to each eau«* and niidei- normal eoiiditions the 
minimum number ol iiiiide.s per i'ai»e should be 

three. It is essential that all LOiide ro|ws s||onld be 

teiision<‘d properly and kept so in »»rder to pr«'V«Mil 
swinirin^. A mi.shap to tin* windiiiir enirine may 
e:ins(‘ oviM’windin*; ami a* <Md<'nl to the imai in tlie 
des<*endin»i: eajLHe. If some devi«M' to prevent .an 
ov(‘rAYind is tittecl to the emrine. the lo.ss ol lile eaii 

lx* a\M‘rt(*d. 

It has IxMMi reeommcMided that a sirdar or some 
othtM* responsible p(M’.sim .should a«'einiit»:iny all new- 


eoiners when deseeiidin^ the sh.aft for the lirsl time. 
It is to be r(‘‘i:relted that this reeommemhition i> 
not earried out in many mines. .Vn .aetadent was 
eansed by an on.^etter siirnallini£ aw.ay the eai^e be- 
lore it w.as re:id> to aseeiid. If onset lers an* 
watched fora tiim* bx an ollieial «>f the mine while 
they are p(M'formin<r their dill ies, :iny mistake done 
by them ean be found out and eorre<‘ted on lln‘ spot, 
'riiis i^ parlieiilarly im|)orlanl when a new on.setter 
is .appm'iited. In order to enter or leav<* a bucket .at 
mid landing, snit.able arraiin'eineiits should be made 
for holdinir the bneket to the side. A ehaiii, etc., 
nia\ be provided to whii'h the biiekel may be 
hitched. 

(fh Ftilhmf fltitrn thr sluifl ; Aeeidiaits W(a*e 
reported in which persons fell down the shaft 
thnm^li |Ih‘ opiaiiny; betwaaai the e<|ee of the shaft 
and the tr«»lley while they wei-e laiterini^: or haiviii'r 
the biii'ket. Siieh ataadiaits ran be avoidcal by 
providimj stops or clamps .ataoss the tr<»lley rails to 
prevent the trolley beimj: pushed too fai*. ddie 
•Treat* a* and not only a sm.ill portion of the shaft top 
.and mi<l in.sets should be kept eo\aa’ed. 

Workers .are in the habit of remo\in^' feiiees 
provid(‘d for safety winai they are (anployetl to 
work in or abont> a phna* but sonn* of tlnau are 

careless emnieh to h*ave the placa* iinbaieed whiai 
tin* work is (‘omplet<‘d or c‘ven when it is left 

iiieompleti' :it the end of the d:iy. Siieh a pr:ietiee 
has l(>d to many accidents ami shmild be stopped 
by si-vc'i’i* pnnishim‘nt. 

d'ln* baiiksim‘n an* often found pulling tubs 

out of eajre*. before the eaiTes are lowered oil to the 
ki*ps. An aec*i(h‘nt oceurr«*d owimj to tin* keps 
not comim^' intt» operatimi :imi tin* cmre (h'setaid- 
imi with the tub .and the banksm:in down the 

shaft a lew feet. If the *laneer is e\|)|, lined to the 
baiiksnn‘n they m:iy be pei-siiaded to wait till the 
c*a‘j:«* is s<‘al**d on the keps. It has been r<*eom- 
niended that in onh*!' to Liiiard aLTaiiist this danirer 
the kc*ps should be weii»ht**«l. 

Itefore siaidiiiL'' m(‘n lc) work in a shaft, it is 

important that the supervisiny: statV shoiihl be 
satisiied that a suitable seaiVold has beiai provided 
and also proper arr;iii|T*am‘nts for siispiaisioii ha\a* 
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bcfMi A siKhlfMi jork on tlio scalVold has 

betMi known to liavo npst^t it :in<l thrown off tho rhlor. 

Ill sonif airsliatts a ladder is tittod np almost 
vcTtically to serve as tlie s(*eond on(l(;t(»t'a work- 
in{r mine. Tnless a proper ladderway is provided 
there is every risk of persons falling: tiown while 
aUem[)tiii}>: lo elimb n[) hniTiedly. 

(f) Thiufjs fttllitKj flotnt the shaft : When over- 
ioadi^d (‘oal tubs are drawn out of the ea^e at tin* 
top of the shaft, some piece's of (‘oal oeeashmaily 
fall down the shaft and have eaiised a<‘eideiits. 
Ill order to pr(‘veiit aeeidents of this nature, the 
openin«{ <m the pit lop when llie ea^<‘ is seateil 
on the keps and also the elearanee lK*twe<‘n the 
proteetive rootinn- -niit the ea>xe at tin* bottom of 
the slialt, should be redneed to a minimiiiii. I'lie 
onsetter and the trammers are often seen stand* 
in^ elosc to th(‘ ^haft bottom when the eaj^es art* 
in motion, 'rims, aii\ pi(*(‘(* of eo.al that may bt* 
thrtiwn oil* tin* tub on tin* np^roin^ ea^rt* may hit 
these pt*rsons. It is advisable that tln*y shonitl 


be instrnctod to keep sufficiently clear of the pit 
buttfim until the ea{^es are at rest. 

A ciindid and not a (*usnal weekly examination 
of the shaft would eliminate the danger of the 
pieei's of stone or coal drop\)intx from the top or 
frmii part of tln^ way down. Very few pit tops 
an* r4*‘xnlarly swept elean of loose puH?es of coal 
and stone. 

The sid(*s of some shafts are damaifed by blast- 
iiijiT too cIos(* to them in the eoiirse of sinking. 
In order to ^nard against this danger, liand-dress- 
iiijr of the fairly deep shafts with pieks or lining 
it throne:liont has b(‘(*.n recommended. 

The sid<*s of nnwalled slnfts \vliieli an* exposed 
to eliaii^in;^ eonditions, dm* to stf*ani pump, <*te., 
Iiav4‘ been reeomimMideil for a r(*^nlar and (‘arefni 
i‘xaiiiiiia(ion. .Also, a shaft, wliieii has b(‘(*n wa((*r- 
lo^^ed, sh«>nhl In* vc‘ry eari'fnlly (*\amim‘d after it 
has been d(‘wat(‘r(‘d. 

In sinking shafts tin* nsi* of prot(‘etiv(* hel- 
mets of suitable desit^n may be reeimmiended. 

(7b tte naitiiuml). 


CONTROL OF PREVFJJTABLE DISEASE IN WHEAT IN AUSTRALIA 

'I'lie emit ml of preventable diseases, siieli as bunt and llajr smut, has rei-eived 
earliest emisideralioii in reeeiil years. The ln*atiin-iil of the seed with eopper 
earboiinle as a eoiilrol for bmil is universally adopted, and i-xei'lleiit emit ml lias 
been idfeeled. Oeeasimially, when the treatment has Iweii nef»h‘eted a slight infee- 
tion oeeiirs. 

'rile emitrol of ih'i" smut in the norlli w«-si is an interest iiifi; story. In the 
early years it was llimi^hl that ll.aij: siiiiii woiiKl not lu‘ a major trouble, as the 
summer rains wjiiild have the ellfel «>f ^rmuiiiatin^' the spi>res in the soil before 
seeiliii^ lime. Ihiwe\i*r. with tiu- eonliiiued use of siisei-plihle varieties, sm*h as 
('aiilM'rra, Aiissit*, Warat;ili, and Hard r«*Heralion up till IJKIl, eonsiderable losses 
were sustained by this disease. 

Flap; smut lias been emitrolied by the earlier workinp; of the fallows and the 
use Ilf resistant \:iriefifs. In the earlier part of the period heiiip; reviewed the 
siiseeptihle varieties meiitioiiefi wen* j^rowii exl«Tisively, ami .stork W4*re fed on 
Hap; smiilled hay made from these erops. This, lop[elht‘r with the p^razin^ of Hap; 
smut sliibhle, was responsible for disseiiiiiiat inp; the .spores tliroiip;hoiil the farms. 
With the more p;eiieral use of resistant varieties, such as Nahawa, Ford and 
(ieeralyiiip;, and where traetors are being used, the di.sease is not responsible for 
losses in yield . — The Ayricullure (mzetle, April, 1937. 
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Breeding for Disease Resistance in Bgrieulkiral Plants 

W. Burns 
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It is no ox'ijrjri'nitinii to smv inoD 

li:is hvow rrynlutiniii/fd. Mini tin* 
now soioiioo of plniii. ir(>iic(irs Iims hini 
l-p to tlio tiino wImmi work, nritriiinlly 

piiblislicMl ill isnri :inil pr:irti(‘:illy liwt till inot, 
was ropnlilisliod, phiiit-broodiii^ Iim<1 Ixmmi moro 4»r 
loss ii Int-or-niiss ])ro(‘rs«!. Ib'siill*^ tmr juit sonn* 
tiiiios blit liow tlioy wore trot wms not kimwii. 'I'ln* 
si'ifMioo of pliiiit ironotios wiiioli w:i< bM-iiMl ini Mi'iidi^rs 
work siihI wliioli lias imw irmwii in nuality, iiitj-ii-iity, 
and raiiiro into soiiiotliiii<r ratlun* inai vclloiis <k>:iP 
Avilli tlio wliy Mini tlio wlnTofnn* of tin* iiilmri- 
tan(*o of plant <‘iiara<*t<‘rs. Ainoiiir tin* 

ability to ro.sist (•(•rtain fnnt!f.Md < I isn.-i *«!(•-; is m nio<t 
iiii[iortant oin* for airrit'iillnral 4*rops. 

\Vlior<*v(*r iMitt«»n is liniwn, it is ^nbjis*! to 
sovi'ral fnnjr4»i4l ilisi-asns, mikI in Ainoric.’i, IViNpl, 
and India i‘4»tl<»n will is (me nf |]i«> iti<»l ><*vi*r(*. 

'riio l<‘rni wilt, is ^ivon ln*i‘:m<(* tin* 4*xt*‘rnMl .".vnip 
toms aiv of wilt ini; oi- with(*rini>‘ nf (Ik* 

I'lio Icavos droop a-^ if tin* plaiils w«*r<* iimI iri'i- 

tiny: ('noii<_di water, ami liiiMlIx ilij*. .\< a iiiaMc-r nf 
f:u*l, tin* plant.s are nof jp'ttinir ciKiiiirli w:it4*r 

because* tlieir water-4*arryin^!: tubes mi-c i-lmked by 
eeiils of fiinjrii'^ t)ii'<*a<ls wITh'Ii have enterecl into 
tlie roots llireMijili tlie tine rout bair-' Ir'im tin,* 
s<nl. kVoni (lie be^iniiint!, Iinw ev<-r, it Iim" bis*!! 
<‘laini(.‘d that ditlere*nt varieties and -trains nf eoilnii 
Slitter elirteren! di-jii'ei's ol daiiiaire. '^Flii- 
may stmn limes In* very strikiniv. In any ( b»v<*rn- 
inont (*xp *rimental farm in India wlii-n* 4-o(l<iii 
wilt is lM*injx w*»ikeil on, as ymi |»a-'< alonjj; tin* plots 
of various cotton vjirie*ti«*s and strains, you will s**c 
in olio pi'it iirae-tically < V4'ry |»lanl «lcad 4.r dyio'r 
and in a iieitilibonrin}£ plot it will be dilVu'iill to 
pick out one* or two pe*!’ liimdrcd that arc e*v**n 
.slightly Jittoctod. Straightforward selection anmiigst 
plants which show this resistan<*c lia.s in the past 


giv«‘n MMin* very -ati.-l’ai-tory rc-nits, partit'iihirly 
wh(‘n tin* proLi'tMiey of ^iich soleotcd plants has 

b<*cn fni'thia' li -leil by •iinwiiiii' tin* -ccil on p;irts 
of tin* farm which have lu'i-n doliIn*ral(*ly infe<‘t(*d 
by biirying in it plant- which have died of (his 

fiingii.-. 

Ill (he |i Miibay I ‘residi-nry, for evaniple, (ho 
«*4»tt«ni briM‘dfr at Pharwai- had. pn*vioiis lo Hrjt), 
<i*hs*l4*d and di‘veh»jM‘d a \cr> admirable cotton 
which went iiiulcr tin* naim* of Dharwar I. After 
Itrjd, however, wilt bceann* a .serious problem and 
this eveellent vari«*ty showed it.-elf iinforl iin.'itely 
very -.iiseeptibh* to the di-ease. 'The cotton breeder 
had. fortunately, amongst this repertoire of other 
strains a vari»*ly kimwn as Dharwar which was 

siisceptibh* only to the extent of :! per cent, in 

<‘oiidi(ions when Dharwar 1 ilied to (he o\((*nt of 
r»U per cent, 'riiis resistant variety was eros.sed 
witii Dharwar I, and the pr>>gency of this was 
selected so (hat the goml comniei'cial (pialities of 
Dharwar 1 might be rcl.’dned and to (hem be added 
the will -resi-lani ipialily of Dharwar 1^. In 

a snitabh* m-w variety prmlnceii l»y crossing 
i1k*s«* two pari*nl- was rj'LTarih'd as lixc'd. In Itt.'ltl 
it wa- given the name of Jntftt/ntttl, nie:ining 
\ iciiii'ioiis, audit eonlimi(‘s to jn-tify its name. 
,SehM-iion again-t wdt by «ilher 4-otlon bri-eilers 
in llombay has al-o given the highly .resistible 
Jarila, a new’ xarii'ly, being a s«‘h*c|ion from the 
Verinii type of I'otton in Khande-h. In tin](*raf, 
Ih’oai'li De-i S whii-h is similarly V4*ry wilt resistant 
has been the residt ol similar -election. In other 
provinces of India where wilt is a problem, similar 
W’ork has been or i- being done, and the w«n*k is 
largely tinanced by grant- from the Indian t 'i‘ntral 
( "ottoii t ^mlmi( (ee. 

t 'ottoii is not t la* i»nly crop which siilVers iroin 
wilt. Ib*i‘cn!l.>, in tin* liombay I*r<*-idein*y. Sann 
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luMiip, wliicli is hntli :is :i i’oddor iiiiil 

still more :is :i ;r|<(.|‘ii in:iinirf> t'or sIiowcmI 

itself snsecptible tn :i severe <if wilt. The 

P:ifln»lon ist :i( I he Pnonji A.iirienltiirjil ( ■nllejje 
li:is now heeii :ihl<>, hv s|)(>ei:il methods, to prodiiee :i 
viiriety of S;inii hemp th.-it is eom|)letely wilt-resis- 
tiint. 

This hrintrs us to the next point, in our story, 
wliieh is th(‘ development of :i teehiiiqiie to isolate 
from strains of plants, whi<*li are aln*ady fairly 
resistant, snh-st rains that shall l)e entirely resistant 
in the worst possible eirenmstanees. 'riiese worst 
possible (Mreiimstanei's must bi‘ siieh that tin* fungus 
is artilieially provided with the eonditions in wlni‘h 
it is most virulent and in wlii<‘h tlie plant is most 
siis<‘(*ptible. Snell eonditions ean only be insnn'd 
ill specially arraiiiied tianperatiire taii]vs,whieh are 
larije box«'s of earth with the snil ti*mperaliire arti- 
Ih-ially controlled by eleetrie mi*ans and with ])roper 
hnniidily and iiileetion. In such conditions many 
of the varieties whi<‘h in the lield show only to o 
p(‘r e(‘nt resistance <lie miiI entirely, y.fi., they are 100 
|ier cent susceptible and it was with just this im- 
portant |wnnt of dilVerema* between Held perb»rniane«* 
in thest* controlled conditions that an important dis- 
eiis.sitni has be^m takinii: phn*e amon<rst cotton 
seieiitilie worK’ei's loi* tin* last year in India. 

The linal stauii* in this discussion took place at 
the lirsi (\inferenee nf Seienlilir Peseareli- workers 
on (^)tton in India held in Ikniibay on the Ith, oth, 
and Jilh of Man’ll. I )nrinu: the previnns inonflis of 
dismission, there had been a healthy exeliaiiire of 
views, frank eritiei^m, a pooline- of information and 
a irradnal approach to romplete imderstandinu; which 
was linally ratified in what may be reirarded as a 
statement of faith which the (\mlerenee f>assed 
nnaiiimoii^ly at its meetinu;. 'I'he resnliition was as 
follows ; ■ 

“’riiis C'oiifereiire ri^rees tlirit tin* lirpecliii" of strains 
iiininine to will iimlor nptiiniini conditions is the ideal to 
aim .at. I'or anriculliiral (Ustiilnilion. resistance of llie order 
of under heavily infecleil field comlilions is satisfactory, 
]>rovided that the strain liTs heen tested and shown to he 
pnicticjilly hoiiio/yi>oiis for that dej4;r<*e of resistance to wilt. 


The Conference rccomiiictifls that 

(1) Test for ]ioiiio/.y|Lro.sity should he .'ipplied before 
a resistant strain is released for distribution, 

(2) the P:ilholo}>ist .should als4i conduct tests for 
hoiiio/yj<;osit 3 ' ami need oiih- .select in tnaUM'i.'il .shown to be 
Iieifrozyjyfous, and 

(.?) th.e conditions under which field tests are ])cin)L; 
carried out .should be described and .standanli/.cd as far as is 
practicable.” 

Th(*re nn* two word.s in thi.s which inuy uppeur 
riitli(‘r repelh‘iit to the ordimiry render. ( ’oneerniii««: 
the wor<l //oy/;o’. //_r/o.s7/// (of which the ndjeetivi* i.s 
///oy/o*. //I/ 0 //.V uiid if.s oppo.siic word //e/eyvy. //y/yyy/.v) n 
word or two in expl.'inntion i.s m*ees.s;iry, nnd lhi*< 
brinjrs ns to one of (he (‘ontribiilions of the seleiu’c 
of plant ^emdies to this probb'in. 

It is now di'tiiiitely known that a p.irtienlar 
eiiar:iel(‘r in I In* plant is due (o om* or more tieiie.s, 
.V ofeiie :i liltle ililliciilt (o deline. y.e.. it is dillieiilj 
to detiiie it as ;i (hinyf, bn( i(s physii'al basis is pro- 
bably .some small physical portion of the protoplasm 
oi the mieleiis of each of the matin*; cells whii’h 
produce the embryo williiii (he seed. 1'here are 
many of these ‘•eiies. ami il does nol follow (ha( 
each eharaeter is determined by only one !»ene. I( 
li.’is reeeiidy been nlinwii (ha( in many ea.-^es a eliarae- 
ter is tleteriiiiiied by several ‘••cues ai'lin*; together, 
aiul as the mimbm' id (lie'll* vary, so does (he iiiteimi- 
1y of e.xpre.ssion of (he eharaeter. It now seems 
likelv that will-resiNtani’c i** de(i>nniiied by a mimber 
of oieiii's aeliiii; (oti’cther. If there are a i;reat many 
id flie-se, the |>l;in( will be highly resistaiil in the 
lield ami may be also hii;hly resist.int in optimum 
eonditions. Iftln’reare fewer of the<e, the plant 
may be >till resislaiit in the lield but will break down 
under optimum eonditinns nf infection. If th(*re 
•ire very few of tlH‘se, the pl:mt will :il.so be liiiilily 
siiseeptible in the Held and of eoiiise in tin* npliimim 
eniiditioiis ;is well. \ow <*aeh ixi'in* h;is its opposite, 
y/;., rc'si.Ntanee has .’is its opposite, lack of resistance 
or sn.sccidibility, and siiu*(* plants an* often aeeidenl- 
ally «’ro.s.«icd in nature by wind or in.'^eet.s, it is 
possilde that a plant may be liyl)rid for any eharaeter 
iiielndiii^ wllf-n*si.stMnee. If this is .so, a will-n*sis- 
taiit plant may y/o/ o;ivc proi;eiiy of tlie .same level 
of rcsistaiiee as itself. If a plant tlien is pure for a 
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rhaniclrr siicli as a partirular Irvrl nl* wilt n-sislanri* 
it is c-allfd h(mi(»/.yu:nus l\,r (luii rliaiarln-, and if it 
is liyin-id or iiiniiyin.I Inr flial rliara, i,.r it is cailrd 
lintiTo/ymms. Tin* iinporlanl lliinL^ is to 
lnMiio/yjroiis inatfi-ial of a liioli dt ^nM- nf rrsi^taii. i. 
and (o tiiis nid holli lin- liold l,-s|> and tin- lahura- 
tory work will now Im* rarriod 

Still another i-ro|» wliirh siiHi.r- lr..m wilt is 
liiiHM^d and inip«irlaiit work mi iHrrdinu- nf wilt- 
ivsistaiit. varirtii's lias Imcm larriid mil at tin* 
Indian A^rrit'idtiiral Iti scarcli In-titiiln win ii lo«al<d 
at I*nsa. In* list cjinld In* inadn iiiin'li innn* 
l•\llan.stiv(■ as regards will and, in ^•mn•|||-iml, wi* 
may simply lonk at two nilmr pninl". Wlial is 
actually tin* ]ili\si<*al iiatmc of rcsiNiancc (o will 
hy tin* cotton plant V So far a^ \vc can sc«*. (lit* 
mcciiaiiism appears to In* soinctliiiiL'' lll'C lliis. 'I’ln* 
fmi;>’ns ill tile soil may enter a roni of resistant 
plant, but if tin* plant is i*eally n*si-.|ant, tin* fnn- 
y:ns ji!;i‘ts only a very little >Yiy into tin* tissues 
ol. the plant. In Iront of the invading fmi^ns 
the tissues br<'ak down, resemblin^r the tai*tics of 
a ret real iiijLi: r»»r<*e hlowiny: up tin* hn’dires In'iiind 
it. 'rin* fim^iis does not appear to he able to 
cr<»ss this yrap and the \r\\\\ is sometimes reinforced 
by the production of a corky layei* previ*nlinjj: any 
flirt her sjn'ead. 

Aiiotiior famili:ir (‘Xamph* ol rcNislaiiee is that 
of wln*at to nist. Some varieties an* (*asily attacked 


by wh<*at rnst which forms browai pnstnh*s on 
tin* leaves, sti*nis, and even «*ars, while otln'i* varie- 
ties arc less -.iise(*ptiblc. Ihit in w/ieal the problem 
is enormously c«nnpli<*aled by the fact that there arc 
several so-called physiological ract*s of wheat rnst. 
In cotton wilt. s,i |■;||• ^ve know, thc?*e is only 
one and Ibr Ihi^ we niiist In* thankful. In the 

case ol wheat, a varii*ty may rc'^isl two or three of 
the ph\ sioloeical I’aces and be ''n''cept ilile to others. 
So tar as wa* an* a wan*, in Indi.i I In-re .ire only 
li\f* siieh |ihy*>ii tioirical race- but in .\inei*iea the 
mmiber is nearer l.~»lt. Work mi this important, 
siiliject. /. e., mi tin* ph\ siolon;ieal raecs ainl tin* 
varieties tln-y attack, has been done ninler the 

tinaiicin^ o| the Imperial <'«Mnn*il of .V^riciiltiii'al 
lb*search by hr K.t’. Mehta at .\y:ra and Simla. 
'The bn-edinjj: of wheat-, ntili/inu; this kiiowledjri*, 
is bciiijx done allovi*r India where wheat is •jjrown, 
r. If., Uy the Imperial ALiiieiiltnial Ui*sean*h Insti- 
tute .‘it \ew' helhi. Karnal and I*nsa. by tin* 

Aji'i'iciiltiir.il I )epart nieiits of the I'nnj:ib. Iionibay, 
the C (‘iitral I*ro\ iin*e- and el-ewln*n*. Mere also con- 
siderabi** .-neecsse- have been n-i’i-'tered and in 
all thest* an*as strain- \iry -nitabh* to the area 

and comparat ivi'ly rc-i-tant to several of the 

pliysioloerical r;ices are already known. Ihit tin; 
work ha- «rn| to ^o on until a hitrlier derive of 
resistance i- obtained to ail the races know'ii. In 
this conin*xion we ha\e in India one very valu- 
able wheat type, the so-called Khapli which appears 
to be resistant to lour out of tin* livi* Indian 
physiological raci*s of rn-t and i- I herefore a most 
valuable pan*nt in cro— in*j‘ to Lii t n-ist.-ince. 
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M. L Cluikrcivdrti 

Royal Botanic (larden. ralcutta. 

Thk |):iliii (whnsc tijiino is 

foros ntffi/’rrtf Ijiiiii) is pliMitif'iiIly 
thron^liMiit th(* trnpi(‘:ii ri'^idiis (if hiinii:i 
ntid Imiiii. It tlirivi's w(>l| in s.iliiic nr sr'ini-'s:jlitii‘ 
soil, Ihmk'p is niorn :ihiiiMl:iiitly rniiiMl to form tfiv- 
}i[.*iriniis rnniiatinii nrar the sea <.Miast. Most nl' llio 
ciihivalnd varirtios cnrnaiuit tlnwor during tin* 
siiniiiK*!* snasnii and (lin nut ripnns <lnrin^ tlio iiiontlis 
IVoiii SrplcnilxT In Nnvcmhfr. In tin* Pmiiiisnlar 
India, this palm maintains w<‘ll its iiunnal growth 
lip tn an rh'valinn nl' .‘1,000 I'l ;ilinvn I In* sna-h‘V(*l and 
in sniiH* par(< «•!' (In* Slirvari*i Hills in Smith India 
it has l)(M*n rmind ;j:rn\vin^ wi'll-ovcn at an altitude* 
alxivc 1,(100 It. 



Coats Nuclfera Jaiiii. 

'rin* area nmh'r rncnamit (‘iiltivatimi in Mm^ai 
starts IVnin tin* nnastal liin* nl’ (In* l»ay nl' Hcii^al tn 
lot) to ‘JOO miles inwarils in tin* (Janjri'tie basin. 
Under (*.\ee*ptinnal eir<*ninstanees it may be seen to 
grow farther inwaril and, even in Assam, eoeoannt 


is not nl very rare neenrrenee. The Fiidian roginns 
nf tin* (‘Mc*namit <‘iiltiva(inii may bi* said to be the 
lowe'r basins nl the (ranges and the Hrahmapntra, 
ainl the Malabar and fin* < 'nrnmaiidel (^last. 1"he 
altitudinal m(*a>iire of i‘nrnannt eiiltivatimi in the 
Hi.ihmapnlra basin is grn.itm-' than that nf the 
(iang<*(ie. Of late* i-nenaniit eiiltivatinii has iir.nle a 
rapid [ungress in tin* Islamls nf Laeeadives and 
Maldives in (In* Arabian Sea and in the Ainlamaii 
and N'ienbar grniips in tin* Hay nf Heiig.'il. 

('ultirnfinn : 'rin* area innl(*r enenamit eiiltlva- 
tinn ill India has been (*stiniat(*d at (.S00,000 acres. 

SoirtHif : I'he ri|«* mit ear(*fiilly <'nlh*(‘((*d slnmld 
alnin* be emplnyc*(l as seed nnl for this purpose the 
lints shnnid generally In* gathered during tln< niniiths 
from K(*brnary tn .Imn*. Si*(‘ds frniu very young nr 
very i*hl trees shmiM lx* avoided. About a inniith 
after phn'king, the nuts should be planted. This 
should be dnin* from >laniiary tn April, nr again in 
•Vngnst, provided the rains are moderate*. The seed 
lM*ds should b(* dug 1? leet di'ep and tin* nuts plaiit<*d 
1 font apart. Tin* iints should be laid on their 
sides h»aving a portion of (heir snrfaee evpos(*d tn 
atiiinsphcp*. Ashes nr asln*s and salt shniihl be 
frei'ly phna »1 in the trenches -this arts both as a 
iiiaiiiire and as inseetie'iele. Tln^ se(*d should be 
kept, moist but imt snak<*el. 'rransplan’atinii may 
be done from tin* si*eninl month nf g(*rmination up 
t<» a maxinmm of twelfth month. In some parts 
of Hamplia Distriet in Madras I^*esideney the 
traiisplaiitatinn is done after a period of or 1 
years. In moist regions traiisphintatioii should 
better In* dtun* during (In* siimnn*r .s<*as«Hi, other' 
wise (hiring the rains. 

TniHsphtittaliuH : The seedling should now 
be put on in the plantation pits 12 yards apart. 
In rich soil the pit may be v(»ry small, but in 
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poor .s<m 1 1 to 2 yds wide siiii] 2 m- ;J ft deep. In 
cold chiy soil these pits shniild he tilled with 
sand. In marshy land, walls sliniihl he eonstriieted 
around thoni. In pnnr soil, salt, ashes, pa«hly straw, 
fish inaiiiire, goat’s diinji: and dry inaniires are 
found bcMielieial diiriny; tiu? first year. 

At the end «>l‘ the first year the soil romid tie* 
plants .shtMild he dressetl and ash a«lded, and in 
every siufet-ecliiijr year tln^ soil .slmnld he opened 
and nianiired before tin* e<»imneneement i>l‘ the rains. 

) fcitf : A lh>W(*rin^ spike of eoenaiiiit yields 
from 10 to 2") nuts. 'I’he tmidnee of a iionnal 
healthy plant may eoine up to 20t) nuts per anniiin. 
The proportion of yield depends mainly iipmi tin* 
soil and fin* eliiiiatie eonditions. ^I'lie average 
yield (d' a (*oeoanul palm may he t.akiai a^ MHI 
nuts per yc'ar. This palm may hear fruit up to 
70 years. 

Sni! : Tin* eoeoauut thrives best in l«>w, samly 
situations, within th<‘ iiitlu(*n<*e of sea hree/.<* and 
never attains tin* same perle<*li ai when lirown 
iidaud. 

^riie soil suitable for (‘o<*oaiint <'ul(ivat ion ha*** 
been elassitied into 0 y:roiips by Simmomis, as 
follows : — 

“a. Soil mixed wilh sand, eithei dark »’idiuntd «»r 
river washed. 

h. Wliere sioid is niived with e’.iv, f«Mru;;iiiou*. rarih 
or hlaek iiKiidd. 

c. Clayev soils wlnao the iindeistr.iia enjisist of sand. 

d. Sand and clay even when iiiixeil witii i^ravel .iiiil 
pebbles. 

e. Tlie se.mhore hanks nf liaek waters, i i\ er , ta ks ami 
paddy fields. 

f. Alluvium of rivers ami haekwaters, pni\iiled a xanl 
ami a half *>f land is li» he ireiier.dly seen above water level, 

g. Marshy land even in hrakish soil (but not wlu-ie 
.«!nU is formed in crystals by ev.iporatioii.) 

h. All level bamls exposed lo the ist-a hree/e where 
the soil is good, siieli as the valUws between hilts, tanks .tml 
ditches which have heeri Idled up. 

i. Lastly, even floors rd ruined hoiisi-s well worked up, 
any places miieh freiineiiled bv e.illle and human hriiij^s on 
account of the ashes ami .salt of the amiiioni.i from the 
urine, etc., deposited ilay by dav in the .soil," 


lu/nifirs nf the rornti/ttff : Htiturern rnhux^ a 
common hectic, with :i reddish brown lic:i(l, penetrat- 
es into the root and in the stem (hrou}>;h (he Iksiie 
and timdiy kill.s the phint. When attai'ked by tlic.se 
pe.sts the leaves I urn yellow Jind t(*riiiiiial bucl 
withers, liiilnirnt is |)romim*nt wh<*n the .soil i.s too 
rich. In tin* Malay l*cnins|il:i .niothcr species of 
elephaiit-heidle is a deatlly enemy of tin* palm. This 
heeth* heirins its attack from tin* leaf and filially 
into the folds of tin* .shoots and thus kills tin* plant 
by dcstroyino up fin* fi.ssin*. 'riicse beetles are 
extracted by tin* natives by means of lout; iron need- 
le or fi«.h-liook or by iioiiriii^ salt or brine on the top 
id* flic tree, (\ihtinlni ihtlntiinnii^ a de.striietive beetle 
of rather a danirerous typ<‘, enters tin* stem and 
bores romid boles and lives (here. ibits, fiyinji; 
foxes, and si|iiirrels injiiri* tin* tree and .soiin*tiiii(^s 
kill it by i*atinL!: away teinler terminal binl or eab- 
ba**!*. 

hlfr : Mvery part of the plant, especially the 
husk eneIo>in^ the fruit, yields a kiinl of dirty brown 
colour. The d>e may be exti’aeted by eohl or boil- 
iiiL^ water or by solutions of lime, potash, and 
ammonia. 

('oirFfhrr.: 'Fin* thick ]M‘riearp of the outer 
w’al) of I he iViiil yields (he valuable coir fibre of 
eoinmeree. d'In* sliealli.s ol I he leaves are iisecl to 
wrap up arlieles. d’ln* coarse coir fibre is mainly 
ii-ed in eomnn*ree for the mamifaetiin* of roiu*. 
“The fibre is loii«r|i, elastic, spnniry, easily manipulat- 
ed within certain limits, emiin*ntly suitable for 
mamifaetnri's wheri* liirhln(‘ss, ele.-inliiiess and mreat 
indesi rm*l ibilily are reipiireil. It will stand water 
and is almo-^t impervious to wind and wave or to 
damp and rain." (( J. Watt ) 

(h'f : 'File sliced kernel, dried at ordinary 
teiiiperalnres, either in tin* sim or artificially, eon- 
t.iiiis from 2tl to .’lO p. e. i»f oil. 'Fin* methods of 
extract iiiLj tlii*' oil in India is as lollows : 

The kerin l is boiled wilh water for a lime, then 
united and .M|iiee/.eil in a prc'^.s. 'Fin* eimilsion thus 
obtained i^ next boiled until the oil is found to rise 
to tin* .-mfaei*. 'Fin* iti'dinary ei»mnn*reial oil is ex- 
pressed by nide oil mills worked by oxen. 

'Fin* oil is while and nearly as lliiid and limpid 
a.s water in tropical climates, ll. has a .swi'ct taste 
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iiiid, sireordiii}' to koiiio, an agreeable; odour wIhmi 
l’rc‘.sl), but i.s liable lo biroiiie rancid in a sliort time. 
Til Eur<»]K* tlie oil is elii<‘rty used in the iiiaiiut'aetiire 
of candles and soaps. In India it is employed in 
cookin^r. Mild ms a medieim* when fresh f'nr biirnhi«r, 
in painting. soap-makinir< niid anointing the. htnly, 
wilt'll rancid. 

MvdirnI f'sas \ Frttit \ “The water tir milk of 
the unripe IViiit is deseribt'd as a line-liavonred, 
cooling, refriy:eraiit drink, ii.sefiil in thirst, ft»ver and 
urinary disorders.’M I Dntta). Even wlnai taktai 
in (|iianti(y it is nnn-injiirions anti is consith'rcsl a 
pnritier of biootl. It is eommonly bi'lit'vt'd in HtMi«ral 
that too much t'octiainit milk intluces a hytirot't'le, 
swelling of the scrotum. 'Hit* pulp of the yonn^ 
fruit is ntairisliin^, cooling, anti tliiireth*. 'ITie pulp 
of the ript' fruit is liartl anti in<ii^e.stil)|(>, but tlit* 
milk obtained by .<qnee/.in^ it may be used as a 
substitute fnr cow s milk, (t is cinploytMl with Iieiie- 
iicial results in debility, ineipient phthisis, anti 
catluTtic alVeetions, in tioses from I to S ounces 
twice or thrice tlaily. In larj^e doses, it prt»vt‘s 
apt'rient and in some cases actively purgative : 
henct* it is sujjjjjested by .Mr W'tiod as a substitute 
for casttir oil and nauseous piir^ativt's. 

: “'rile cicaretl shell of the nut t»r [lor- 
titms of it are burnt in lire, and while red Imt are 
covcreil by a stone cnp. The llnid which is dcposil- 
(*d in the interior of the cnp is rubefacient anti is an 
cil'cctual dtuncstic remedy for rin}j:wtUTn.” (1. (\ 
Diitta). It is also highly e.steenied in itches anti 
scabies. 

: Oil is used as an application in burns anti 
in baldness, ('octiaiiut oil is said to promote tin.' 


growth of hair, hence it is much u.scd as a local 
applitaiiitm in alopecia and in loss of hair after 
fev(U*s and debilitating disca.se.s. 'riie oil is given in 
plethora and as a vermifuge in Jamaica. It is given 
while fasting, warmed and with a little sugar, in tlnx. 
An ennilsion of the oil and kernel is proscribed in 
ctiiighs ami piilmtmary disease's generally. Attempts 
havt' heeii made in Europe to use etieoanul oil as a 
substitute eodlivt'i* tiil but nn't with little success. 
Its indigestibility is a great tlrawbaek its general 
list*. 

'ITit* fre.'ihly drawn juice of this palm is believed 
to possess rt'frigt'raiit and apt'rit'iit prtiperties. 'ITit! 
tnitside scrapings of tin; husk and braiiehes applied 
tt> iilet'i's will eleanst* and lit*al fht'in rapidly, if stiak- 
ed in proof rnm. 'I'ht* young nsits boiled with 
ginger anti salt are elVieaeioiis in fevers. 

t'oeoamit t'otton, foiintl in (Mmnt'xit)n witii tht' 
hiwer parts of tin' branches, is list'd for sttipping 
bitiod in t'ases of wounds, brnist's, leeeh-bitt'S, etc. 

"The sweet toihiy ohlaiiu tl from this palm is very refresh- 
ing ami ptisscsscs laxative prt»perlies. Its eoiitiiiueil use 
fliiring pregiiHiicy has a niarkt'il eiroel tm the colour of t lie 
infant, which is horn of fair complexion." (1*. Kin.slev, 
Madras). 
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The Oricjins of Art 

Elic Lebcisciiiciis 


iTramfattii hy Aimndii K. Coomaraswarnyh 

n'llK probloin »»f tin* oi'i^iiis nf sirt ciiii 1m* :i|)pro:i(‘luM| 
from two sidos, finm \\iv liiMoiir:iI mikI IVoiii 
till* loj£i<*;il p<»iiils of vi<*w, ;in* :i(. tin* 'inim* 

tinu* iii>«(‘p:ir:d>lo :iiid (‘ompIcmciitMry. ( )ii tlu* oiw 
limid, oiu* Oiiii try to dctfriniiH* tlir diitc of tlu* first 
:ipp(*iiriiii(‘(‘ of iK'tmil :irt(‘f:i<‘ts ; this is tlu* motiiod 
of prehistoric :irch:irolo«»:y. On the oth(‘r liniid, one 

study the nrcmisis of :irt in the liiiin:in spirit, 
npart from miy i|m*slion of d:ite> ; tliis is the method 
of jiestheties. 

These twti disi*iplim*s jire (‘onneeted in sneli :i 
wjiy that ea<*h and ev<‘ry historii'al solution impli<*s 
its lotrieal eonntcTpart, and rirc rrrsa. 'finis the 
older beliefs about human prehistory were deiliieed 
from traditional aesthetics, whih* at the prc'sent day 
aesthetics is only an appendat*e to <»l1ieial arehaeolojry 
which assimilat(*s primitive man to the “sivajxe” 
and the child. We shall approach the problem 
from the historiiad aii^le, p<islp<iiiin^ to aimther 
<M‘easion the eritiiMsin of modern ae^.thetie^. 

'fo place* the appearance* of art in (In se‘<|ne*iice* 
eif time, we* must tirst a^ree* about a M'rie*s i»i e*ein- 
side*rations Irivin;; te» elo with varieais periods of 
]m'history and the primitive* state* e»f man ; whie*h 
eemsideratiems e*an be* mo>>t e'e>nvenie*ntly e'larifie*el 
fre>m the peisitiem we* have* e'hosen. that ol the* oriy:in 
eif :irt. If there* is eine* e*i*re»r meii’e* than aiieitlie*r by 
whie*h modern iele»as, in e*ve*ry lielel, are* falsilie*el, it is 
e*e*rtainly that etf “proj;re*ss.'’' Neiw in art this 

I. Cf. A. ('.liM/e*s. Vin et Mart tfe VOrcident 
Chretien (Life and Death eif the* Cliristian Wt*st), p. 
eiO : Two wonts, ‘liarharism’ ainl Vivili/alioii' an* takfii 
for }<;t'atiteel in llie dovelopiiient of emr liistorical ideas. 
By iiitreMliU'inji' notions eif relative inferiority and snjierioritv, 
these two wonts fjnalify Itie iilea <»f 'proK>'es.s' with just 
that aspect of ceintiiiiiily that we loiij; few in each speciat 
fieUl of invest if{alion. Tiiey retieve ns eif all anxiety 
ationt the future: ‘hai liari.siir 1ia\iii«* tieen le*ft tieliinil, and 
'eivili/aliun* inipn>vinij l.•veI■y itay.” (Tr.) 


Weirel h:is no mf\‘iiiin^. ( )iie* e'aiineit say that the*re* 
has bi>e*ii any pro‘;re*ss :is be*twe*en a biseiii tlrawn 
in oe*hi*e* by a Makr>l:de‘nian .‘irtist on the walls of the* 
Altamira e*ave*, anel :i hare by I’is.'inello, or e*ven :i 
lieiii by de? Harye*. .\rl se*ts linmaii weirUs on a pl.ane 
ed e*onlinnity, (*e|n:dity, and ine‘e‘ssane‘e*. whie*h liber- 
ate*s the* meidern me*ntality frenn its Hfni;ite*st eibstacle 
tei its miele*rst:inelin^ ed' the* siie*e*e*ssive* e*ycle‘s d(*s- 
e*nbe*el in tradition.al ti‘ae‘hin^s. Art eleios not pi*e>- 
irri'ss. Its oriy:in is always ae*tnal, b(*e*aiisc this 
e>rio:in lie*s be*yonel the* psyrhie*. 'Inhere* is no neeul 
tei 1)0 a ohilel |o he'^rin ; a roal :irtist is always be*t;in- 
iiin*;. One* is an ;irtist only at this prie*e*. This 
almeist amounts to a tle*fniitiem eif an artist. 

l*Vee*el fre>m this |>re*jiielie*e* we* are* in a be*tte*r 
position tei imele*rstanel semie* fa(*ts whie‘h are; still 
elistnrbint>: tei stneie*nts of pn*histeiry ; feir (*xam|)l(‘, 
the* re*lative* snpe‘riiirity eif the* olele*!* palae*e)lithic 
rae‘e*s in the* matte*!* of se*nlplnri* : en* tin* brutal 
eloe*ade*m‘e‘, anel virtual elisappe*arane‘e* of M:i<;dale*nian 
art at the* elawii of tin* in'eililhie' pc*i'ieid, just when 
tln*re* a|iiM*are*el a in*w rae*e*, h-ss e‘nelow<*d artistically, 
blit "'linin' highly oivilixe*!!'’ a pnible*m :ictnally 
inseihible* by are*hae‘ei|nnriral scie‘nce>, but i*asily to be* 
t'Xplaiiie'el by tin* traditional tf*ae‘hin^'':. 

'I'he* whole* se-erct lii*s in tin* ide‘a we* form of 
"firimitive* man." Il is dillie'iilt, almost impossible*, 
for the* moele*rn niinel tei separate* what a man is fnim 
what In* Z/e/.v, his be*in«r fnim his preipe*rty ; diiru*nlt 
to iiinle>rstaiie1 th:it pi'eipe'i’ty, the* wlmle* mate*rial eif 
e*ivili/.:itieiii, I'aii only pnispor at the* e'ost of be*iii<;, 
and that tln*re*feirc meiih'ni "e*ivili/.atiein'* is a meins- 
trolls e*xcr<*se‘e‘in‘e‘ that has i'obb(*d man of his iniie*r- 
mo^t substance* mate*riali/imj; it almve* liim as a 
ln‘:ivy loael, areiniiel him like* a prisem, in him as an 
iiife*ctiein, from whie‘h the* iin*vitahie‘ anel ne*e*e*ssary 
l)re*akdowii of tliis e‘ivili/:ition will him fren*. to 
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be 8iire, but in » statr of iiiid only half 

alive.* 

The aiitonoiny and solf"Sid!l«*i«*iicy <if primitivi' 
luan i.'j in(‘oii<M>iv:d)l<> to iis.i' I'iio :d>soliit(‘ in- 
dependcMiee (tf :i man who is siiflioiiMit for all his own 
needs and in possession of all his powers heeaiise 
ho is still eonseioiisly attaidied to his fo>t(‘rin}j: nnd 
fertile sniiree : the. indefeasible and invisible 
dominion of sik'Ii a person surpasses the understand- 
ing of a “elviliml’Mieiiijr, who puts himself in the 
S}im<» position, and supposes himself de^radi^d to a 
state of bestiality, ahaie, weak, ])o«»r, and nak<‘d — a 
position in which he may pm'haps find hiniself to- 
inorrow, thoiiKh he certainly never lived in such a 
state in the past. 

. To understand the life of these men, clothed with 
skins of animals and easily nourished by the fruits 
of tin* earth, one must allow them by way of eoni- 
pensation and balanet*, a spirituality all tin* hi$][her 
b«*eaus(* it was not iidiibile<l by external <h*viees. 
This eoiidition corresponds to what is still the state* 
of pastoral peei])l(*s, and to that of tin* patriare’lis 
who recite* tln^, Hible and the Koran, the* elo^matie* 
content ainl formal pe*rfe*etimi of whie*h are* iin'eaii- 
.pntiblc with the* modern theeiry e)f “primitive* man.” 

Tt is true that plast ie* art such as we* are* now 
eonsid(Tin}r will emiy ‘Mcve*lo[»“ later on in tin* time 

*The “spre'snl of civilization” i.s Jifleii Mciitifi«'<l in so in iiiy 
words with the arousiiij; “new wants” in "hackwanl 
people'*, and rej^arded as n hlessiiij; conferred upon the 
latter in this \ery sense. Tliis point of view is nctiiallx 
merely an e*xcuse for iho eoininereial activity of. ‘*o]M‘*iinK 
up new markets". So far from the proposilion lioltliiiir 
an\ eleiiKMlt e)f truth, the fact is that the fewer a man’s 
wailt.s, the less lie depemls on material ace .ssories, the 
higher may heceniic his fonii of li ing ; and per contra, the 
more wauls, the less Hherty, f»»r as the ('hundotjj/a 
f/prtni*^ttd (VM II. I. f)) expresses It. "iiieii are the stu vants 
of their such anti such recjuireiiieiils”. (Ti ) 

tThe ‘‘lngh<*r' the ‘‘civilizalion ’, the weaker the mail. 
As a well-known .\inerican Indian author has rctiiaikeil, 
“The utter helplrssne.ss of civilized man as a whole when 
in the woods, even niuler the safe eomliiion now iddainiiig 
(is not realized).. ..and under the drastic I’omlitions obtain- 
ing iti those earlier days be would likely not have lived 
above a week”. (Tr.) 


of ngriciiltiirid ami sedentary neolithic mnii nnd that 
of the biiild<*rs of eitie.s to whom, as has been justly 
said, the whole of “civilization” can be attributed. 

Hut already in the days of wandering and early 
nomadi.sm - more “nattiral” than the later sedentary 
WJiy of lift* — even when tradition rested still on 
those siihlime heights of knowledge of which the 
Hible and the Vedas have preserved diminished and 
niisiiiiderstood re(h*etions plastic art played its part 
in every Ji(*tivity, it was and still remains the 
symbolic formidation of a thought.' 

It may be said further, from the present hislo- 
rieal point (»f view and iiegleetiiig absurdities, that 
the dis(*overu*s of prehistoric sei(‘nee, so far from 
coutradietiiig traditional doetriiies, can only be 
fully and really explained by means of these very 
iloetrines. 

If we try to prove this, the first re(|uin*m(*M( woiihl 
be to draw up a table of exact (*(|iiivalents between 
the ancient and modern chronologies, between, for 
(*xaiiiple, the chronology of the Hindu tradition :iiid 
the I'hroiiology at present adopted by archaeologists. 
Tilak, author of an often ipioted book. The Arriir 
Jlnme hi the Yeilns^ .aln»ady altempb'd (o draw such 
a pandlel. Hut since modern sei(*iiee is as variable 
as error its(*lf, and the dales nowadays accepted go 
mneh further back into the past than was (In* ease* 
when this Hindu author w:is writing, it is wis(*r to 
r(*frain from renewing his att(*mpt and to eoiit(*nl 
oiirselv<*s with some broader generalizations. 

Tt is fairly easy to harmonize in a general way 
the .sf*f|m*nee of tin* diflereiit ntitiinniltinis with the 
cosmic revolutions sneeeeded 1>\ glacial period.s, as 
nowadays reeogiiizeil by geologists, ft is probable 
ind(*ed that tin* beginning of the present 
tum corresponds to the last glacial period (*oiit(*m- 

2. Cf. .\mlrae, \V., iJie fonlsche Saulp^ Schlilsswort : 
“Stiuly for oneo the reiirestMUsilitins of Iho whole fourth 
.iinl third niilleiini.'i H.C. in l''gypt and Mesopotamia, 
roiitrnsliiig them with such ‘ornaiiienls’ ns aro properly 
so-eadeii in our nmdern sense. It will hardly happen that 
even a .single 'oriiaiiient’ ean he found there. Whatevet 
may seem to be such is a drastically indispensable teehnie.sl 
form, or it is an expressive from, the piefiire of a .spiritual 
truth.” (Tr.) 
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porary with what Mnihsioolnjrisis .spojik of as tlu* 
lower ])alaoolithie. 

The 0) HfHi of art in tlio material si*iw(‘ in whieh 
we are horti speakiny: ranimt he piisheil farther haek 
than this. Xothiiijr liiiman, exi-<-pi ,iii|y (|ic> niy>te- 
rioiis biolnjrieal iroriu that prer^itlns ovn- a fresh 
renaissaiiee, eouhl aeliially hav<' emss,.,! thi‘ jriilf nf 
the last eiisniie eatastiMphe. 

Art properly so ealle<l a|ipears in much later 
strata, at the iipjier palaeolithic h vd, ii, fhe Aiiritr. 
naeian, Sohilrean anil Ma^^ilaleiiiaii pei'ioils, which 

woiihl thus refer it to of the present 

imnnanlam. 'fhe more recent A/iliaii period wouhl 
impinjre on the AV/// ; ami with the appear- 

ance of neolithic man— oiir immediate ancotoi— w«‘ 
tiiul ourselves in the very loii^ historical pcrwul 
which extends from predyiiasih- Ivjrypt to the hr.mze- 
age (^»lts. 

To this very general distrihiit ion in time must 
he added a situation in space. We should, so to say, 
make a map of tliesi* vanished idvilizat ions which 
have left ns engravings on the surfaces of rocks- as 
their only signatures. 

Now it is only Europe, or lather only Western 
European eonntries, that have heen excavated me 
thodieally and eontimiosly for some lime. ||ow 
then eaii prehistoric seieiice ilan- to pass jiiilgnienl 
without having all the evidence hefore it ? How 
can one imagine the eivili/.atioii <d' these midoiih- 
tedly nomad peojdes as if they had heen sedentary, 
and judge of these immigrants from an unknown 
iatliorhind as it they had heen natives ; how <-an we 
judge of them merely hy th(‘ traee> of their pas>age 
through three or four little European eountries ? 
Even supposing that every eoimtry of the ghthe had 
been e.\eavated, how I’aii we deny the possibility of 
the foundering of whole eonntries heneath tin* rise 
of post-glacial oceans, at a time when the outline of 
the continents and the elimatie curves did not, 
perhaps, obey the same laws as now ? If we adopt 
the theory <»f an arctic origin of the primordial tra- 
dition and i‘onse(|iiently nordii* origin of thi> peoples 
siipport(Hl by this tradition, how can we fail to 
distrust the eoiudiisioiis of a seiener* whieli has t«» 


take as the foimd.'ition and h.-isis of its st)eeiihiti<»ns 
excavations m.'ide outside the arctic circle, the 
eeniri' of (he jn'imordial Inniie, just where excava- 
tion is virtually impossible ?* 

Hilt this is not all. 'I'he pietiiri* of the poverty 
of pri^historie sei(»nee is more siii'iirising still. Not 
only :ire its smirees of information limited by 
diilieiilties of I'xeavatioii and L-mk of investigators, 
hut still more re<<trie(ed hy (he natiii‘:il wear and 
tear of things. We reeogiiize a really alarming 
paradox' periitds and eivilixatioiis which were 
ahimst entirely fnimded on the use of wood, a 
material that has obviously disappeared, are now 
I'alled pat aeo- and neolithic, in other words are 
deserihi'd as *‘ag(‘s of stone". Siip]>ose, now, we 
wore :ietn:illy in possession of the stinie tools of 
these periods, we should still have at oiir command 
niUhing hut the c>xeeptioii:il material, and of a tiny 
piTceiilage of prohahilities from which nothing 
could he tlediieed with any eerlainfy. 

Einally and iiotahly, even if the manner of 
life of these piM»ples eoiild he resloriMl to ns ill 
its entirely, hy a miracle analogous to that which 
preserved Hompi-i. nothing would have heen aeeoiii' 
plislied, errors of all kind> W‘»nld still he possible 
and would actually he incurred, dust as in the 
e;i-e of those oliject.s tli.it have a(‘tnally been pre- 
served, tliei‘i> wniihl '-till remain the last and most. 

^ \Vr ntis(‘rv<' ill ;i lu-w-^p.-HJrr, ilateil Si'ji. 20 1'M^, .1 
•rspali’li from .Mosi nw ihal i-onrirms itiir aigiiiiienl ; “Tlie 
S.nii *\ei|r ]lf-llill^lll:l was loiiiierlv Iiiglil\ |jo]tiiIou«, ils 
a|i|ii-ats from «lisef>\iTii‘s tiiailc in tin* Olinrsk rej^ioii (in 
llie Polar eii«’le) al lln* inoiiili of ilie ( )|i, llio urea! river 
of Siln-ria. 'riie aivli;u*«ilogie:il i-xpeiiitioii wliirh workeil 
tln-ie ff»r srven monllis lias eollfi-ti*<l ahoni Iwo lliotisainl 
olijeols, of e.iillienwarc ami 1mm*. Smiie are unii|ue. Most 
•»f lhe.se ohjeets are ornamenteil with ongiaved ilesigns 
rejneM-nting animals, .\mmigsl ilie most interesting are 
oonilis w'illi ti\e ]irongs intemlecl fm iiigli ertinhres ; Rinl 
some eiirioiis s|>oons in niamm dli t)oiie. The archaeolo- 
gists also fciiiml hron/e ohjeets. ami primitive criicihles 
made of shell ami intemloil for the easting of metal, anil 
still retaining traces of mim‘ral ; agrienltnral impIemcMits ; 
and hones of animals and birds long extiind in the Saino- 
yeile jieiiiiisiihi. The diseoveri«*s ]»ro\e eoiisiderahle density 
of ]topnlatit>n in a reginii where <>iie now hardly tiiids one 
or two inhahitants every live or six miles". 
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(liiliciilt step ti> iiit(*rpn*t tlieiii. 'Flie “(lecin-.itioir* 
of utensils is only llie trace of a vanished 

tiinntrht, and if the tradition of this thought' is 
la(‘kiii^, no ohservation, no hypotlw'sis, tH» com- 
])arisons with Ksi|iiiinaiix or Australian or ehildreirs 
art will reveal the. secret of what is really a lost 
lan^na^e. 

should have of nee<>ssify to return to the 
litfht shed hy the ditlereiit traditions on the* nature 
of art, in order to nniha-stand its ritual and syin- 
holie orijrins and to y[rasj) its role as the support 
of a eereinonial and as the li.\ati«)n of a doirmn. 
IVehistorie art w<»nld then seem to he, like all 
other and even more than any other art, oidy the 
snrviviny: fragment of a whole, of which the main 
part, the thon^rlit of the nien who created it, is h*n*k- 
in^ to n.s, and must nanain so. 

Let ns at. least, in c<Mi<‘lnsion, try to .say some- 
thiiijir about this possibly doiibh* roh* of prehi.stori(‘ 
art. The most remarkable and <»ldest monuments 
are tin* dee«irat«*d eaves of the upper palaeolithic. 

if we consider tin* eomplieated organization 
of the passaj^i'Ways that h*ad to these shelters, 
which remind ns inevitably of the Cndaii laby- 
rinths, if we reHe(*ted that in all probability they 
were never aetnaily inhabited, and reexamine the 
animal decorations, the hninan h:inds plastered on 
the walls, and note the rejrnlar absence of human 
repr(*sentations (apart from litth* praying silhouettes 
analogous to the ‘'oraiites” of the (.hristiaii eat.a- 
eombs), w'c cannot help believing that the.se places 
sort of natural temples, initiatory sanctua- 


ries or ehapels in whi(»h funerary eereinonies were 
performed. 

The dolnnms or (M»vered passatjes of .snbso<|nent 
periinl are, then, just artitieial reeonstrnetions of 
the primitive eaves, made in e<»nntries where the 
iiutnnd eaves were no hm$;er in use or ind(*e<l 
had never existed. Arehaeidojjieally S|)eakin^, the 
dolmens thus form a link b(*tween the palaeolithie 
<*aves and the domed “tinnbs” (»f the Myceiicans. 

Later on iLseometrical ornament, very reserved in 
the older periods when symbolic expression had 
a more “natnrali.stie*^ aspect, will overspread the 
mcifalitlis, menhirs (aiu'estoVs of onr sundials 
and cibelisks) and cromh*chs (stone eindes, eross(*s. 
swastikas, simple and double spirals, solar iina^(*s, 
and eonventir>nalizf*d picto^raphie si^ns, whi(*h can 
oidy be interpret c<l as a sort of writing. 

It is rc*ally im|>ossibIe to separate lan^:na^(‘, 
writing, anrl drawing: in th(‘ir be^innin^. Their 
appearance is simnltaneon.s, jii*it as tln*ir symbolii* 
and phom*tic roh‘s are coincident. IViniitivc 
Kfrypti.an hieroy;ly|diics and tin* oldest (‘hine.se 
characters convince ns of this. 

.Vt the end of thesi* bri(‘f padres, what appears 
in mir pictnn* of prehistoric art ? T(‘mples, banb.s, 
obs<*rvab tries, inscriptions. Is not this pn*<'isely the 
very list of moniiiin‘iits that the most tinished civil- 
izations still provide* for onr consideration 

•Translated from KtudfS TuidUionf'lles, Vol. XM, 
pp. ins I rt. by .Aiuimla K. Cooiiiaraswainy. A few of 
the <tri}^iiia1 iu>tcs have ])een oiiiiiteil. Aililed notes are 
marked (Tr ). 
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The Hydro-Electric Practice in India. -//// lUiitu 
(ItuNfint ('lnttlcrjvv. ft. J., ft. ft. .sv„ ,1/. /, A’. 
(fftifl .1/. /. h\ A., /*: /,*. N. .1., /»,///,//,, fVnfkssnr 

and f had of tfm fhparloinit nf h'df rh ind hUnji- 
HVeriiKj, fkaares ffinda / 'nirrrsitij, f*iddlshnl 
hfi NZ/Z/v/ \a raff ft a ('huHrrirr ft. .SV.. / f.nhxhn 
ffoad, fkaarcs-Vot. f. )K .’iTl) aith .>■> phitrs, lift 
fflasfrafioHs a ad irj fdadnamfdtx, VnL ft. p. .V.fti 
trith ffi(f plates, .'if fllastralinn^ and //.I pfada- 
(jrapifs. Pried - Ps .Vt or .s.7 shittintfs art fa' ttnth 
rotaams. 

It is not probahly nMli/cd liml I lie 
nioiit nf rivilixntinii is iiuiiiily dm* to inmiV 

sibility to roiunuind larger ainninits nf |)iiw(>r for 
his use. Doiiic'stiration of aiiiiiiaU lihr tho linivc 
and tin* nh'pliant y:av<* hmmi ‘;r<'ati*r powiT than 
those* who i*cli<*d on tlwir own imiM*h*s m* mi 
slaves and ntili/alioii of furiM's nf iiatiin* dnrinii: 
the niiddh* ajxes, sneh as windpowi-r, or powrr 
from running streams, ^avc sindi eommiinities who 
were* lirst in tliis licld y;rcator pow<'r than tlmsi* 
who reli(*d on older methods. In tin* present tiiin*s. 
tin* prolilem of supply »d‘ pow<‘r has Ihmmi revo’ii- 
lioni/(*<l !)>’ tin* invenliem of power enj^ine and 
tin* advent of eleetrieity. d he eonsiniiption of eh*e- 
trieity per eapila may lx* taken as a iiirasiire o! 
the eoiintr.x^s prosperity ainl ot eivili/atimi. L<*( 
ns tln*n*fore <*Namine the position ol India. In 
thc! most advaiu'eel eoniitries ot the world the 
eonMiniption of powe*r per heael amoiiiits to about 
‘JUUO units (in Canada). 'I'lie p(»sitioii of India may 
be* tfanj;ed from the* faet that the* eonsiimptioii ed' 
peiweT in India per head is only d unit''. It is 
mainly due* tei to this I'eason that India does not 
make; mueh ])roi5re*ss in moeh*rn life and has n*main* 
ed more* or l(*ss in the* nn*diae*val state*. 

What is the eansi* of this de*ph»rable* slate* ed 
attairs ? It may be* dm* to e*ilher e»f tin* twe» possible 
situations, (/) India is ixie.r in power re‘soinve*s or 
(//) though sneli resoure(.*s (*xist they have init 


b(*en deve*Ioped. Let ii>. examine tin* point a lit 
more* in eletail. 'The sonree‘s of powe*r are* e*itln*r 
e*e»al, oil e»r pe»we*r of miininu: wate*r. Some* (*onntrie*s 
in tin* world like* tin* I iiite'd I\in«;;<lom poss(*ss hn^e* 
<*e)al de*posits, but ve*ry little* hydro-«*h‘etrie pe»we*r 
re*smire*e*s ; otln*!* (*oiintrii*s like Norway, Switze*rland 
and Italy have* no eoal or oil, hnt ph'iity id' wale*r 
ptiwe'r ; while* a few liki* the* I ’. S. \. have* i^ed Ixith 
eeial anel wate*r powe*r. Ihit whate*ve*r n'sonrei's any 
eeniiitry has, it has deve'lope'ei tln*>e* to the* fnlle*st 
i*xte‘nt, otln*rwise tln*y e-aimol .-«tanel in tin* sti'n«;y:h» 
fill* e*xisfeni‘i‘. 'fin* (‘oal ami oil ri‘sonri‘i*s id' India 
are* ve*ry poeir. 'rin*y an* mainly eonee*ntrate*d in 
e*as(e‘rn liniia, in the* lk‘nu:ai and t'lnda Na^piir 
ri'i^ioiis. 'I'ln* edhi*r part- eif Inelia an* tei de*p(*nd 
mainly on the* tle*ve*lopme'nt ed hyelro-e‘le*e‘lrie’ pe)we*r. 
riirtnnate*ly tln‘re‘ i- no elearth ed’ this powe*r in 
linlia. Sir .M. \'ishw«*swari\ a i*-limate*s in his beieik 
f*tanned P.naaaaii that the* tidal hyelrii-e*le*et rie* 

pe)we*r available* in Inelia ameinnts tei '1 millein 
killejwatts eif whie h han ly .T'y has be*i‘n ele*ve*leipe*d. 
While* dapaii is also poor in c'eial anel oil re‘seiiii'i‘e‘s 
the* dapain*se* State*, liy a we*ll -planne*el se*rie*s of 
aetions has el.*ve‘lopeel St) per e‘e*nt id the* available* 
piiwe*r, with till* re*siill that tin* poWi*r available* per 
capita ill Japan is above* .'t(M) unit-, 'riioiiirh this 
falls far short ed' the* e'oiisimiptioii id' powi‘i' pe*!' 
capita in the Wi*.sti'rn eoiintrie*s (I 'nite*il Kin^elom 
otM) pe*r e-apita, I S. A !MU)), ye*t it is iiineli hiy;he*r 
than that of Sovie*t Kiissia or that ed' Me*\ieo or 
Latin Ame*rie*a. l>y tin* ii-e* of this iiowe*r, Ja[ian 
has be’e'ii able* to put he*r indiist rii’s on a prope*r basis, 
and is able* to i‘ompe*te in tin* wm'lel niarke*t. Mnl 
if the* hyelro-e*li*etrie ri-oiiri*i*s of India Wi*re* devi'lop- 
(*d to the same* e xte nt a- in Japan tin* eonsinnption 
of piiWi'i' pi'i* iie*ail wmilel i‘ome' to about 'JtM) units 
and Inelia wonlel attain the* standarel of Japan, 'rin* 
d<*ve*l«ipnie*nt of hydro-e*li*e-t rie powe*r ha- the*re*fore* 
jrreat future* in Inelia ami whate*ve*r ( tove*rnnn*nt 
may e*om(? in powe*r, tln*y have, soi.nn*r eir lait*r, tei 
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tiu'kln this imiblcin, if they <?v(»r want to develop 
iiidiistrios in India. 

Jii vi<*W of Hicsc f:n*<s, tin* two siiniptiloiis vol- 
niiR's by IVob'.ss«»r H. ( \ (Jhaitorji'c of tli<.> Honaivs 
Hindu l.’nivnrsity ar** jrvfsitly to bo wolcoinod. Tho 
first deals with fin* jreneral principles 

c»f hydro-elect rie developiiuMit, /•/’•., Feasibility (d’ any 
liydro-ele<'(i-ir scheme, lly<iraidic laymit, Hy<lroh»^y, 
Mesiirenient <»f wat<*r po\\<T, I lydranlics, Keomaiii- 
cal development of water power. Klemeiitsof hydro- 
(d<H‘tric plants, |)am, ( 'ondnits, 'I'lirbiiies, Iie^nlatin<; 
devices, power hoiiso ; Mnd valuable Mi^^e.stioiis on 
care, o|)eratioii and maiia^canent have been tnade 
throii^hont and troubles generally o<‘eurrin^ in 
various parts and their remedies desiu'ibed. In fact 
the liist volnrm* is meant to be not only a text book 
for the advanced hydro-electric engineer, but also a 
reference book for the pra<‘tical enjrineer and tlios<‘ 
interested in tin* <levelopnn*nl of industry. Tin* 
chapters are written with ^n*ai. care and a fjreat 
wealth of in.it(*rial has been condcnse<l in this 
volume. While jroin>»: ihnm^h the book it appeared 
to the revii'wer (hat Professor ( 'hatterjee will do 
well in the next edition to rearran}>;<* the matter and 
jfivc nn»re attention t<i a literary ])resentatioii in 
some parts. 

The second volume deals with the dc*M‘riptiofi 
of the various hydni-electric stations and substa- 
tions with accessories in»w operatinj^ in India, 'riie 
volume closes with a short bnt interestinjr chapter 
on management :ind opm'atin^ records. This will 
be very nsefni to those who want to undertake 
hydro-( le<*tric schemes in future in this country, as 
the whole snbje**t has been finely illustrated, and a 
wealth of information has been coIle<*lcd whh*h will 
be of u:r(*at use to those actively (>n^a^(*d in this 
bran(‘h of eiifrineeriii^. 

A critical study of these two volumes ri'veals 
cetlaiii facts whi(*h ou^ht to be noted by tho.se wIm» 
are interested in the future development of this 
country. AVe have said in the be^iimiiijr that only 
li (ler c(‘iit of tin* hydro electric [lower in India has 
been developed. The reniainiii;i: ‘.(7 per cent still 
remains to be d(‘veioped. It is ther(*fore neec*ssary 


th.it we learn by the experineo and the errors of the 
past. The words “hydm-eleeiric poweF' sometimes 
act like mat;ic on ill-informed public men and 
industrialists. They are under tin* impre.ssion that 
if hydro-i*leetric. power can be developed, 
they will j^et power with very little 
expemlitnn*. This is not a fact, on tlie con- 
trary, electrical inaehimM'y has now been so niiieh 
improved that wherever .co:il resonrees are available, 
dcveh>pinen( of power has alw:iys proved to be more 
economical. Kven clos(* to the Niaj^ra station, 
whicli is very famous as the first larjje hydro-electric 
ptiwer statiiin in the world, other powcT stations run 
on coal are (‘omp(*tin^ very sncce-ssfully with jiower 
derived from this famous hydro-electric station. In 
some places, thouc:h (‘onipanies wen; floated with 
the cxpeelatioii of hydro-electric development, coal 
power has bec‘n found to be more economical, 
and the (*ompanii>s though usitifr c.i»:d power 
wisely kept sih*nt. ()win^ tt) tin* jj:reat im- 
provc*nients in the (h‘^i‘»:n of steam-turbines, the cost 
of producing; po\v(*r out of coal has been n*duccd 
to one- fourth. On account of the }j;rcat dcvclo]>mcnt 
in tran.Hnission of electricity over larjjje distances 
(as ill Russia and (iermaiiy) (*iee(rieal pow<‘r has 
sin‘eessfiillv la'cu t ransmi((i>(l to a distanei* of about. 

miles from the jrjmeratinjj; station, the eost of 
transmission and supply has been (‘iiormoiisly n*- 
dm*ed. On the other hand, the rt'diietion in eost of 
installation of iiydro-cl(>ctrie stations h:is not lH*(‘n 
vfi threat tor dams, condnils and other neeessities 
for wat(‘r str)rac:c and water regulation must be eon- 
striicfcd. and these :irc civil engineering; opm'ations 
which cosi much tin* s:ime to-day as they did fifty 
years a^o. ft has hci'ii found that wherever eoal 
resources are availahh*, they slnmld lx* develo])ed 
rather than hydro-eh’el rie pf»w«*r. So it will be 
more (‘(‘onoini(*al to mannfaeinre eh‘etrieity out 
of eoal power in (‘a.sterii India, coiisistiiif; of 
Bengal, lieliar, Orissa and A.ssani. Klectrieity 
may bo generated at the mouth of eoal pits as 
in Kiighiiid and distributed by a well-planned 
grid system over the whole eoimtry. But as there 
are parts of India like the I hiited Provinces and 
the l)(*e.(*aii aiul the Western Presideiiey where no 
eoal is available, th<?y must develop their water 
power resonre(*s if they want to take to modern 
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This is bciiiK tricMl for the* Inst twenty yours 
and let us see with what siieeess. nydro-eleetrie 
IHYwer eaii be ch'vidoped fi*om a fall i»f sevi*n fef*t as 
at Henala in the Piiiijab. up U» a tri-oss hfad nf .‘tOSO 
feet as is obtained at Pykara- They require liiitfe 
i‘npit4d outlay and very planniny: for >iieeess. 

The story of hydro-<'le<*trie developfia^iit as told 
l)y Pn)fes.sor ('hatt< rjee is iiiifortiiii.itely a s:mI one. 
The eost of in<;>tallati(»n per killowatt of power has 
varied from Us 12 o - ]{s - in tl)(> ease of Mae.dy 

seheine. The Uenala selieliie, it may be luited, was a 
private enterprise of the late SirGaiijira Kaiii.the well- 
known engineer and philaiithro|)liist of the Punjab.' Sir 
(biiiirarain took on lease* a larjre plot of barren land, 
develojjed it with hydro-eleetrie powei;, ami handed 
it ba<*k t<» the (foveniinent. after termination of the 
lease as a ^ranlep land llowiiit:: with prnsp(‘rity. This 
s(*heineeost the least and has Iwen ihe most prolitable. 
Tin* K averi scliome and the Si-heme of tlie 'Pata 
Company eost about Ks 501)/- to Ps lillO per killo 
\yatt ins|:alled. Oiu* of • these* s<iheiiM‘s was a State 
seheine, and the other was. a s<*heme taken by a 
piyy4ite eompany. lict us.eome to the sehenie whieh 
ijius bi'en lurtliered by lhe(ioverninent of Imira or 
lioeal CJtiverninents. The Maiidy seluim* fathered 
by the (biveriimeiit of the I^Illiab eost Its IjNOO - 
p<T killowatt. It holds world^s ree<»rd for hyi eost. 
Y<*t in wIh'Ii the seluMiie was openeil, tlie.theii 


Vieenw iiniuH*essarily elo(|iient on tho topi^ ' 

deserib(*d it as a moniiiiK'iit of ^rcat eiiKinecriniS 
skill. Those wlio have followi'd the development 
of this sehme eaiinot but be inqiressed wdth the fact 
that whatever is tried by the (iViveriimeiit ia tlinled' 
into (*oal, ’the Maiidy sehenie 'stands as' a' jk’liijK* 
inoiinineiit of jrross iiiisinaiia^ienient, jobbery and’, 
highest eost o.f. installatimi eaijsint; .nltimati* . bidik- . 
rnptey to the provinee. 'riiis si'heim* for which the 
lax payers of the Piinj.ili wc*re told that .tbo tOtftl ‘ 
eo^t would be Rs 2 erori's, ultimately eost' iMniriy i 1/ 
erores of rupees. Thi*re are niany ol Inn* ' ambitions V 
seheini's lh»ati*d in din'ereiit. |)rovinees. it is hoplnl'^' 
that people will learn by example of the Maiidy'^ 
sehenie and will not be eharmed by the mere word 
«»f hydiM <leet lie development. Another, similar to' 
tile Mainly sehenie is t he t lances eaiial llydro-elee- 
trie ‘-eheme. Roth in tin* Mainly sehemi* aifd ^tho 
<ian;i:es eaiial I lydro eleelrie sehenie the eost'ol^ 
pni«hietion of a unit i-- II to II pies while Kavery 
and Sre<*na^ar and Jammu pmduee a unit ";U- h- co8t 
of l.'.S!>aird 2;S pies respeetivelv ahd the^eoal 'fUel' 
stations in W 1*: prodnei* ii unit lit a eost 5 • 

pie** per unit. * • 

Profes-or ( ’hatterjef\s book will serve .ashi'niiiio- * 
house of information. for all those who are intc*r($^tiHi ' 
in this .subjeet. * It oii^ht to tiinl its. phiee in -fdP 
Indian libraries :iinl the liliraries of siieli 
who arc* intereste d in the ch*vc*lopment of powei* in* 
this eounlrv. 


AN INSTRUMENT FOR AUT0MATICAU.Y GUIDING A TEI.ESCOPE 

A nn*ehaiii.sin for aiiloiiiHtieally ^uidiii^ an uslroiioniieal leleseope durinfj a 
lon^ exposure has been develofied in the Aslronoiiiy Depart imail of the I iiiversily 
of Wiseonsiii. The li^^lil from a star in the tielil enters a photo-eel I alter under- 
going divisic'in by a roof shaped mirror, and periodie interruption liy a rotating 
sliiittcT. I’lie resulting alternating eiirrent frcmi Ihe pliolo-eell is highly aiiiplilietb 
and hy use in an eleetrie motor along with a second supply ol nllernaling eiirrcmt. 
eharaclerized hy eoiistaril amjditiide and phase, is made to drive the ])late holder 
in the projior direction to remove any neeumuhiled error, 'rin* instrument has heeii 
tested on both the ten-iiieli pliotographie and tin; sixty-iiieli reflec t ing leleseope.s 
of the Mount Wilson Observatory, with satisfaetory results, il was found that 
by using a star of magnitude H.5 or brigliler the, automalie guiding of llie sixly- 
‘ineh telescope was at least as good as that done manually." Public. .Istr. Sac. Ptic. 
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Disposal of the Dead at liarappa 

Sascmkii Scklicir Stirktir 

Keaearch Scholar. Bu.>^e Research rnstitiite, Calcutta. 


In hi.s ivM'oiit p.ipcr oil ‘Vcdic l*'iiiu‘i':il Cii^toiii.s nnil 
Fiidiis A'jilh'y (’iilliiri*’ I)r 15. N. I)jit(a* iiid(‘iitilics 
the* people^ of tli<‘ lirst stnitiiin ol' the eeinetery at 
r:ii*a|)[):i jiraeti.siiij; jarhiirials with the V<'<Iie Aryans. 
The detailed report of tlie sUehtal remains 
liarappa has not yi't heeii pi:l)li>li<‘(l and it is too 
early to draw any eoneliision on them. liejrardinjr 
the antiipiity of the jar hiirial stratum of II:irappa, 
Sir John Marshali**' is of the opinion tlial it lu‘lon^s 
to a miieh later au:e but tin* arehaeoloo;ieal evidenee 
has not y(‘t been fully eh'ared up as yet. 

'I'he present writei’ lia<l I he. priN*il<‘;Xf‘ to spr*nd 
one full e.xeavation season at liarappa in 111.‘i(K51 
and to examine all tla^ <‘em(‘t(M*y nMuains found at 
liarappa till tIuMi. 

'J'he e<Mn<‘tery at ll.‘irap)>a has been dii^ up to 
tliree distinet strata. The lirst <*r the topmo.'^t str:i- 
tiini of lh<‘ 4‘enietery eoiitains jar burials ; tin* 
.s(>eond eomplet«' burials; ami the third or the lowest 
has yiehleil animal banes' only. Almost all tin* 
burial jars eontain fractional burials ami before the 
ski'litons wen* put into the jars they won* iin- 
d(^nl)tedly exposed ; for the mouth of the jars is 
invariably too narrow to allow an (‘iitii’e human body 
to j^et through it. '^I'liat the dead bodies wen* 
exposed b4‘fore they were put into tin* j.ars is further 
:i]ipar(‘nt from tin* fact that tin* bone.s of mon* than 
one individual are td'teu found in the saim* j:ir. 
The pr(*.s(*ne(> of ih<*se bones of ;i second indivnliial 
appc'ars to la* unintention.d in tlu-se eas(‘s — tin* dc*a<l 
bodi(*s must have been <*.\iM»>ed in a |iartieuhir spot, 
wln*r4'from in the proe 4 *ss of earryin*:: tin* th-ed 

1. Datta, B. N. Man in India, ui, 307, PISO. 

2. Marshall, - Mithenjodarn ai,d thv Indus (/ii'ili- 

zation, I.onilon, Vol. p. so, |03l. 

3. Prasad, Il.-.\iiiiM:i] Keniaiiis rr»>iii II;u.n|ipa, Mum. Arch, 

Svr. India, N\). 51, Delhi, | 03 h. 


bodies for the purpose of putting; tln*m into the jar.s, 
bones of various iinlividiials may have .stuck to^e- 
tlier. These h(»wev'<*r, can bi* diderentiated from the 
jai*s where the remains of two individuals have l)e(*ii 
int(*ntionally buried and as in tlie majority of eases 
tin*.se, appear to eontain ehildreii’s skeletons it is 
not impo.ssible that tin* adult skeletons found alon^ 
with tlnon w<*re those of tln»ir parents. A I.Mriro 
[*r of jars have al.so been found without any 
bone whatsoev(*r, prob:ibly the few pi(*e(*s of bone 
having be(‘ii completely deeompos(*d. Lastly, that 
tin* cleail Imdies were* first exposed to the birds ainl 
animals is evi<lent from tin* fact that not a sinj^h* 
(‘omplete skeleton has biMui found in any of the jar. 
As far as my personal knowledjre ^o4*s I have, eomo 
a4‘ro.ss oidy two jar burials with a lew fra^meuls of 
eh.arred bones. From the very lar^(* number of jars 
found with uubiirnt boin*s it do(*s not appear that 
tin* people of the lirst stratum praelis<*d er<*niation. 
Tin* loiij^ bones wen* usually foiiml to ln*d»Fe imiinl 
the skull which was phn'cd in the centre. 'I'ln*. 4h*ad 
bodies Ilf ehihlren were always fmmd in (*mbryoni(‘ 
])osition and the pr<*s(*nl writer (‘numerated ten such 
burial jars :ind they were all found to In* b(*low 
two years of a ir«*. There is, ther(*fore, no doubt that 
the p'‘ople of the lirst stratum practised fractional 
burials after the dead bodies were (*xpos(‘d on the 
irroimd. 

Tin* second .stratum has yielded e.omph'te biirial.s. 
ll(Te tin* d(*ad body is laid eitln‘r on tln^ .s])ine 
or to oin* side and in a Iar<;e nunib(*r of (*a.s(*s 
aecompani(*d by funeral pottery. That .some animal 
lMini*s were! intentionally placed alonj: with the 
dead body has be(Mi disti nelly proved by tlm 
discovery of a sk(*l(*ton, excavated by the ])re.sent 
writer, a(‘compani(*d on the sid(* by the badly 
sever<*d sk(*l<*ton of a sheep or jjjoat. A |)art of 
the animals rib wa.s placed in the ero.s.s('d hainls 
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of the dead innii. Another siieh iiislanee was found 
where a pieec of animal lione was aetiially found mi 
one of the eartlien dishes |)la<‘(Ml alongside the 
dead. In addition to these two eases, most of the 
open burials whieh wen* lift(*d in the earlier s{*asons 
were aeeonipanied by some animal bones. It appears 
that there was no lixed method (»f orientation of 
the dead body ; the dead bodies liave l)eeii found 
with the head in almost all the direelions. It 
was ])reviously held that no skeleton was found 
with the h(?ad to flu! west and tlierefore, any 
skeleton whieh was diseovered dnrintr the exea- 
vatioii with the hea<l to tin* west was believed 
to belong to the hu'al ^ridiamimulans and reburied 
with all courtesy to the de|)arted. 'Die discovery 
of the skeleton alonjx with the saeriHeed animal by 
its side and its head (<i the west, aeeonipanied 
by a jjroup of funeral pottc'ry of the* Indus Valley 
type near the feet, in February, l!).‘]l, linally settled 
the question. Sinee then, the pn'si'iil writer has 
also removed two sk(*letons, whi<*h had tlu'ir lieails 
U\ tlie w('st and one at least h:is proved tt» be a 
v<’ry in(en‘stiiij; type* eif Arme'iieiid skull, 'riie 
other skeleton, whie*h has mif<>r(miate*ly been re- 
biin(*(l, appe'ars tei the* author to lx* a (*ase of 
floor Imrial and it leieik him four eennpletc* days 
to expeise the* skeletem. It was fonnel in tren«*ii 
IV^ of Mound F behiw tin* secnnel stratiiiii of 
building layi‘rs, and a te*rraeeitla riiurslaml, whieli 
is usually used fe»r kee*pinK .-store* jars on the 
(leior e»f tin* house, was lyin.ij aliemt a foot above 
th(* h(*ad of tli*^ ski'h'tem. 'Fhe* Imail was de*taehe<l 
from tb(! spinal ce)liinin and lay about six ine*h(*s 
apart freim the* bexly and there eannot be* any 
doubt regardinjr tin* antieputy eif the above ske- 
leton. A .seeeiiid lot eif hmnan remains was also 
found ill the .same tre*m*h, Avhi<*h forms part ol 
the llarap[>a eolleetion. The latter had no .skull 
aloiij; with it althemjrh .some* beiiies of tin* upper 
extremity and a riu^ht tibia we*re* found. The lir.st 
skeleton thus sui»[)ort.s the* eonteMitioii id Sir doliii 
Marsliair^ that lleieu* burial was in ve»mie in 
Molieiijodare). 'J'Ik* stray bemes as ni<*ntioned in 

•I. Marshall, op. dt. Vol. I, P. SO. 
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second lot, found in Trench lA^ Around F, among 
building sites ap|)ear tei have been carricMl by 
binls and aidmals when the dead beidios were left 
expo.sed and they should not alway.s be treated 
as fractional biirial.s. 

To ceime back to the eenietery again. Towards 
the fall of the Ifl.'IO-lfl season the cemetery was 
exteiideil to ihe noiih'"’. Mere the first stratum 
yielded the same typi* of jar burials but the .second 
.stratum, which towards the southern side had 
been yielding com|)Iet(* biirial.s, opened out a miinber 
of fraetional burials only. The type of pottery 
accompanying the bniies was, however, .similar to 
that of tin* .southern end. It thus appears that 
at this period then* was snme sort of di.sturbanec 
which afle(‘te(l the burial eii^toms of the sca'oiid 
.'Stratum p(*ople. 'I'Ik* northern extension was found 
to (‘ea.si* at this end as the walls of the building 
were (‘xpns(*d and the total an‘a of tins ext(‘iisioii 
was probably le.ss than one-foiirth tin* area of 
the main ei'iiietery. The people of tin* first stra- 
tum, as call be guessed from the skeletal ma((*rials 
and the burial jars, were nmeh larger in number 
than the people of the second .stratum, 'flu* 
results of excavation at this end sngge.st.s. in my 
opinion, a period of clash between the two people 
and it appears th.it the people of the first stratum 
domiiiat(‘d over the people of tin* se(*oiid stratum. 
Tin* latter seems to have left their last tra(*e at 
this corner «»f the c*i*metery ami they had to 
leave tin* ^•^•llu*tery to tin* p»*ople of the lirst 
stratum here. In this extension the nnmber of 
funerary pofti*ry are b*w*'r th:iii those found in 
tlie main eem(*tery. Ib*iiiains of only five irnlivi- 
ihials have b(‘en identitied from tin* skeletal 
materials and none is eonipletely repre.seiit.(*d by 
the bones. I'hey appear to be tin* reiiinaiits of 
the individuals kilh*(l in tln*ir struggle with the 
lirst -.stratum pt'oph* although the fraetional nature 
of the burials is very imn*li striking. It appeal's 
rather improl):ibh‘ that the first -stratum peo|)le 
])revailed iipim those of tin* second stratum, being 
their cinnpiena’s, to adopt tin; fraetional burial. 
Jt may lie tliat lln*s(* individuals were not so 

5. Op. Cif, Annual Report, 11, PI. XXVI, (b). 
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c^rxlfii I ly buried ns the others in the iimiii eeine> 
tfry, bt'onuse il' ^hey w«*re really eii^n}rod in :i 
warfare tliey <*onhl hanily pay any attention to 
the.kilhul. 

It thus fnllows that the people of tlie seeoiid 
Rtratiini di<l in)t praelisc; any e.xpjisure. before burial 
lind unlike the people of the first stnitiiin, wlio iis(hI 
U) niakt* fiaetioiiai burials, they practised eoinplete 
burials. 'I'he methods of dispo.sal of the dead of the 
two peoples are, therelore, enlirely dilVenMit. The 
•''people of tin* see<iiid stratum \vh<» appear to be eon- 
temporary with the Into Imlii.s Valley Period, there- 
fore, did not practise cremation and this ^oes 
Against the? theory <»f Sir John ^larsliall*' that ere- 
niatkjii, was tin* likely method of dis()os:ii of the dead 
ill the Tkdus Valh-y during ( !haleolithie times, 'riie 
e.videnc*tf.s of' post-cremation. lairials are meagre and 
both at. ]\Ioheiijodai’o and llaraptia the complete 
fwirinls Jirtve bi-eii found in tlie majority, >vhieh seein.s 
to. be the pff* vailing mode of burial in the Indus 
y id ley., ! 

'fhat there was a clash between the peoples of 
the first and seeoiid strata also atipears to be e.oiTor 
biirated by the human n*m:dns from (I silo. The 
presence of a lartre number of human ami aniiral 
bones in a refuse nianin*!*, which cannot in any way 
be called a burial, also supports the abovt; conten- 
tioii/ Jt seems tliat the df*ad bodies were thrown in 
a dump in this ^pot after tin* warfare. Further, the 
racial typi*s r<*pi'eseii!ed in some parts of (i site ami 
lii the seeoiid stratum of tin* eeiin*t<*ry appear to be 
clo£icly related ' . 

;\t present we cannot say anything delinite re- 
garding tin* people of the lirst sti'atiiiii. ■ .-Vs has heeii 
pointed (uit by Ih* IS. S. (iiiha , they iii(Ii<*at(‘ the 
pre.senee of a diflereiit raee and po.ssihly «i different 
culture. It is ei*i*tain lliat tln*ir eiiltiiral reniaiiis 
will be dug up some day. (’oiiiiiig to Dr Dat.ta’.s 

6.. Marshall, ojK eit. I. P. S<). 

, 7. Marshall - op cU, 1, P. lOs. . 
jj, Ciu ha. B. %S. - Hacial Aflinitiefi of ihf Peoples of India^ 

Vol, I, Pt. Ill, A. p. Ixviii. 


identifieatioii of.’tlle.lulibyp 

AryaiiH, the fust diffiWdtS^'fR^s In' tihb^ thht ’^cveii 
if con.sider the jar burials as similar to the urii 
bOrials of Oriffrt-SHfnt the custom of exposing the 
dead bodies to the wild animals and birds bcfon*’the 
skf*letoiis wi*re put in the jars has not been known 
to be in vogue among the Vedie, Aryans. Further, ' 
as eaii lie iindoi'stood from the descriptions of the 
jar burials giv(*n above, the remains of burnt skeletons 
arc ex<*eedingly rare, although Dr Datta speaks of it 
as if ft was tin* general praetice. It is too premature 
to ent(‘r into the eontroversy of the raeial types 
before the llarappa and the second Mohenjodaro 
n>ports (b.v Dr Mackay) arc iniblished and in vIeW 
of the facts sfaleil above regarding the disposal of 
the dead at llarappa there (‘annot be any jiistiHeation 
for Dr Dattri’s eonfenfion that the j;ir linrial people 
of llanippa were id(*nti(‘al with the Veilic Aryans. 

Lastly, Dr Datta (*onsiders that Di*' (ilidia, in his 
(cttstis Itcpni lfi ( Vol. I, pt. 1 1 n, has eonfiiscM tin* 
d:ite of tin* adv(*nt of tin* lMMehye<*phalie Dinarie 
race ill this eoniitry''*. Ihit he does not appear to 
have carefully goin* through the re’iort. Dr (iiilia*" 
speaks of tin* advent of this race .in .the Hindu Kush 
regions to lx* later to th(*ir dislodgmeiit from Russi- 
an Tnrk(‘.'*tan by Mongol invasion. The p(*netratioii 
of this raee in the N. \\\ Himalayan region, as (*xem“ 
pliHed by the Wakhis in recent years ninst not 
theiTforc be eonfiisnd with tin* advent of the’ bra- 
chycephalic rac*e with “.\rnn*in>i<l allinitie.s” during 
the Late Indus Valiev Period at llarappa. from 
which apparently the pi'ople of tin* Peidiisiilar and 
Lasleri: India arc* to lx* traced, 'riierc* arc* iindoiil>t - 
ediy cIccsc* ailinities lx*twe(‘n tin* two, but whereas 
ill Sind and the Leewer I^injal) wr. can trace tliis 
race during the ("h:ih*olithic‘ time's, its pc'iictration 
across the Indian fronti«*i*s in tlm Hiinlii Kush rc*gi' 
oils from Russian Turkestan is a coiiiparat.iv(*ly 
recent movc*ment whieh is still c'ontiniiing and is not 
to bc^ eonfns(*d with aiieient drift of a closely allicsl 
nice in the Low(.*r Indus Valley.** 


9. Datta - op. cit, P. 2(i6. 

VO. tJuiia - op. cit^ p. xxi. 
ir. Guha, - op. cit. p. I^xxi. 
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Note on the Nutritive Value and Cost of Red 
Palm Oil 

Rod palm oil is derived from llio friiil of the West 
African palm elaeis (juinvensis. 'I’liis palm lias been 
imported into Malaya aiul Burma; in tlie former 
country it appears t«i be extensively I'rowii. but not 
as yet in tbe latter. It has n«»l yet been iiitrodueed 
into India. 

A iiuinber of workers have shown that red palm 
oil is very ri<*li in earoteiie, the precursor of vitamin 
A« and that it ean supply (he vitamin A reqiiirenit'iits 
of rats when f;;iv(‘n in very small quantities. Hither 
to, liowcver, it has not been eoiiehisively ]»roved 
that carotene can fully replace vitamin A in the diet 
of liunian heiiif^s. Nor lias its efl'eet in eases of 
keratomalacia been observed; it seeiiieti possible 
that, in sueii eases, effieieiit transformation of 
<*arotene into vitamin A iiiif^ht not take ])laee. It was 
therefore felt tlesirable to carry out elinii'al test 
of red palm oil before taking steps to eiieoiirage its 
produetion and consumption in India. 

J.ieiitenant Colonel R. K. Wright, working in 
\[udrns, rejmrts that red ])ahii oil is as rapidly 
effective as eod liver oil in treatment of liiiinnn 
keraloinalaeiu. In a number of eases rapid im- 
j>rovemi'iil ti>ok plaee in eases wbieli remaiiieil living 
under the idenlieal doiuestie eonditioiis in whieb 
they had developed the syndrome, the only ehaiige 
in their ilnily routine being the addition of red palm 
oil einiilsioii to their iliet. In addition, the progress 
of eases in hosjiital on n'*l palm oil and eod liver 
oil was earefnlly eoinparcd. 

If r€‘d palm oil euros keratomalacia, then its 
carotene must be capable of satisfying the daily 
vitamin A requinmieiits of human beings. 

Red palm oil is obviously a valuable potential 
source of an important vitamin. It is, however, 
difficult to make a satisfactory estimate of its j>ro- 
bablc cost should it come to be usetl on a wid»*r 
scale as a medicine or a dietary ingredient. Red 


palm oil, shipped in bulk rrmii Singapore, costs at 
present about ISO Straits dollars per ton. This 
woiilfl work out at Jippr(»\ini:i(ely ‘J annas per pound. 
(NhI livt‘r nil in India ciists from 10 annas to Re. ij-* 
per poiiiitl. Allowing for dilTereiu‘es in vitamin A 
activity per unit of weight, the following very rough 
enmparison of cost ean he made: 

If th(‘ cost of reil palm oil and eod liver oil is 
taken as ahout 2.5 uiitias and 12 annas per Ih. res- 
peetively, the amount of vil.'iiiiin .\ activity pnrehas- 
able for a given sinii in the form of nai ))alin oil 
will be about .‘t times greater than that purchasable* 
in the form of eod li\(‘r oil. 

Ch'arly red palm oil merits alleiition on the part 
of the agricultural authorities and nutrition workers 
in (he 'Tropics and the Kasl. It could In? widely 
used as a snhstitute for eoti liver oil in ho.sjiiials, dis- 
pensaries and ehihlreiTs Innnes. 'The fact that, un- 
like* cimI liver oil, it contains very little (»r no vitamin 
1), is not ne(‘ess.‘ii’ily a drawback to its use in coun- 
tries when* vitamin I) is supplied by abundant strong 
siiiiiigbt and rickets is rare*. In India, it e'oiild be 
iise'il ill the* South and e>ther ))arls when: vitamin A 
de‘fie*ie'iu*y is esimmon and vilaiiiiii I) de‘fieieiu*y not 
a se*rie)U.s problem. It might also lu* eenisiimed as an 
oriliiiarv ingredient in tin* ilici, perhaps mi.\e‘d with 
either \e‘getahle fat deveiiel e)f e-arole-iu*. It is iiseal liy the 
native's e>f West .Vfrie'a as a eiiliiiary oil in iniie*h the 
same' way that butler and various vegetable* fats an: 
use'll ill Kiiropi'. In the* Cooiioor l.aboratorii's it lias 
lu'cii found that palaiahle* iiiixliires of vi'ge tahle* oil 
(e.f/., e'oi'oaiiiil ) and red palm oil, i*ontaiiiing earolene* 
in .sue*h proportions that the* vitamin A e*onl<*iil of 
the* niixtiire is roughly e‘(iiiiva]e'nl to that of gotid 
bulti'r, can be- jirepareii. ,Soine* de'stniel ion of e*aro- 
te*iU’ taki'S jihii'e' on liealing sue-li mixture*, but 
I'liougli re'iiiains to lu* of value. It might be fe*as- 
ible to prepare* a palatable “margarine-like*'* j)rodu<*t 
based on a inixtiire of hydroge*iiated Cat and red 
])a]m oil. 

'The* (piestioii of iiit rodiieing the palm clads 
ya'tnccusis into South India should ree'cive* aLleni- 
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tion on the pari of a^yrieiillural aiitliorities. The 
elimale of South India would probably bt‘ suitable 
for its cullivation. 

Indian Historical Records Commission 

'riie (ioveriiimnl of India have re-appointed the 
following ^eiiUenieii as eorrespontlin^ members «if 
the Indian Historieal He<*ords C'oiiiiiiission for llirtn* 
years for the eeiilres ineiitioiied. 

Name (Vntre 

1. Sir Vblward Denison Itoss, Kt., 

1*11.1)., Din'elor, Sj-IiooI of 
Oi'ienlal Seieiiee, LoTidon. London. 

If. Sir William Fosl<*r, Kr., r.i.K. 

.Mr W. 'r. Ottewill, M.ii.r.., Superin- 
tendent of Heeonis, India Ofliee, 
r^ondoii. 9 f 

i. Sir Kvan Colton, Kt., cm.k. „ 

Mr K. A. Nilkania Sa.slri, m.a., 

Professor of Indian History and 
yVrehaeolo^y, Madras I ’iiiversily. Madras 

(). Mr M. Venkalaranj^aiya, m.a.. 

Header in History, Andhra Uni 

viTsity, Wallair. Wallair 

7. Mr C. V. ('handrasliekliaran, m.a., 

(Oxoii), V. It. IIi.sT., Direetor of 

Publie Inslnielion, Travaneore. Trav.‘r.\‘t'.re 

and ('oeliiii 

8. Rani Laxmibai Raj wade. (rwalior 

P. Rao Hahadiir Sardar M. V. Kibe, 

M.A. Indore 

10. Shrimati Kanialabai Kibe. 

Foreign Delegates to the Science Congress Jubilee 

It has been aiinouneed that the following foreign 
Neienli.sls are likely to visit India next winter to at- 
tend the Silver .lubilee session of the Indian Seienee 
Congress whieh will be held in (‘aleiitla from .lanuary 
8 to P. 'I’hese iiaiiies have attained international re- 
piilntion. Ltird Rutherford, the Direetor of the 
Cavendish Laboratory, (’ambridge, will preside*. Sir 
Arthur Kddiiigton (Pliimian professor of Astro- 
nomy, Cambridge University), Sir Arthur Hill 
(Direetor, Royal Hotanie Cardens, Kew), Professor 


C. G. Darwin (Master of Christ's College, 
C'ainbridge), Prof. G. P. I'homson (profes-sor of 
l*hysie.s. Imperial College of Seienee and 'IVehno- 
logy, l^indon). Prof. P. G. H. Roswell (profes.sor 
of Geology, Imperial College of Seienee and 
Teehnology London), Dr C^ S. IMyers ( Priiieipal, 
National In.stitule of Jiidinstrial Psyeholngy, London), 
Dr W. (i. Ogg (Director of Macaulay lii.stilute for 
Soil Researeh, Aberdeen), Prof. H. J. Fleiire 
(professor of Geography, Mant‘hesl(*r University), 
Sir Arlhiir Harden (Late Head of Rioelieiuieal 
Department, Lister InstitiiLe of Preventive. Medicine, 
London), Prof. Leniiard~.Jone.s (professor of Chemis- 
try, Cambridge University), Prof. Ruggles Gales 
(profes.sor of Rotany, King'.s College, London), 
Prof. N. M. Comber (Heail of the department of 
Agrieidlur**, Leeds University), Dr Ci. 1). Darlington 
(Lecturer of Ciylology, University of London), Prof. 
F. F.. Fritseh (professor of Rotany, Queen Mary 
(‘ollege, London), Prof. C. K. Tilley (])n)fessor ot 
Mineralogy and Petrology, (iamhridge I'niversity ), 
Prof. J. L. Siinonsc*!! (professor of Cliemislry, 
liniversily College of North Wales, Rangor), Prof. 
C. K. Spearman (Kiiieritus profes.sor of Psychology, 
London Universily ), Prof. IL 11. Read (])rofessor 
of Geology, Liverpool University), Ll. Col. R. R. 
S. Sewell (/::ologieal Laboratory, Cambridge Uni 
versity). Sir J. U. Irvine ( Viee-Chaneellor, Si. 
Andrews Universily), Prof. A. L. dii Toil, 

F. \Vm Kiekstedl (Director, .'Vnlhropoltigieal Insli- 
lule, Rra.slaii). Prof. L. Diels (DireeUir, Rolaiiieal 
Gardens, Rerlin), Prof. W. Straub (jirofes.sor id' 
Physiology. Munieh University). 

WoexI vs. Steel for Framed Buildings 

Roth praetiee and theory indicate clearly llial 
I he elKeie?il and eeonomie ly))r of eartlupiake- 

ppouf a;ul fdonn resistant structure i.s the framed 
type. 'Phe question that arises i.s whether a very 
rigid frame type that obtained with steel is superior 
to the more flexible type obtained with wood. An 
answer to this problem has been attempted in the 
pamphlet entitled fVond vs. SieH for Frantrd 
liuildhiffs issued by tbe Forest Researeh Institute, 
Dehra Dun, and the answer is of considerable iin- 
portaiiee to Northern .India whieh is definitely in 
the earthquake zone. 

That a flexible type of structure is llie least 
dangerous in earthquakes is supported by actual 
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insiiraiur* stalislics. It is alsu tin- imulusinii (if ex- 
perts in I Ik* l>nitnl Stales tif Amcrira and Japan. 
All aiiLhoritalivc rcjiorl on the l.oii^ Heacli (‘arlli- 
(piakt* disaster of slates that ‘ there was no 

proof of any partieidar advaiila^e id' tlu* so-ealled 
rijeid frame desijrn over llexilde desipi." based on 
the experii'iiee grained in the disastrous Japanese 
eartlnpiaki* of Masliiiiia. tlie famous eartlMpiake 

speeiaiisl, has detinilely indit'aled his pnd'erenei* 
for a Hexihlo type of eonslriielion. Ilis final eoiielii 
sions are that wood-framed sinietiins are llit* most 
reliable of all the eeoimmieal types of slruelures 
known at present. 

In a eomparison of any two types of eoiislriie 
tion, till* points that matter are relative t'ost. etieel 
of weather, safely against fire, healiotr eeonomy, 
inaintei.aiiei* and repair eharujes. adaplahility and 
aeonsties, and considered from all these aspeets. 
Ln*ated liiiiher slrnetiires oiler definite advaiitaijces 
whi(‘h eaiinol he elaimed hy its rivals. 

Thus, to fjjive a few iostanees, American experi 
enee has shown that the cost of a steel framed con- 
st nielion is ahont aO per eeiil more than (hat of a 
eor res ponding wood-framed const met ion. In India 

it would appear that the corn spondiny; figure is 
likely to h(‘ ahont liO per cent. As for the relative 
elleet of weather, the lo.ig, salisfaelory and extensive 
use of liniher for frame- work houses ir. the past 
demonstrates that this faelor need not he seriously 
considered if projier preeautiims are taken. I’rom 
the point of view of safely against (ire, the iiisnr 
anee rales of several insnra’iee eom])anies in Knglaiid 
which show llial wood framed houses can he insured 
for e.xaetiy the same low rale of Is. (id. per t'lOO ol 
the initial eosl of a Innise as for steel-framed 
masonry houses, give the decisive answer. 

It may well he asked wliellier a steel framed 
huilding is riof nsnally stronger than a wood framed 
strnelure. The answer is. says the I’oresI liistitnle. 
that all di'pends on the design of the two lyjves under 
construction. If jiroperly ilesigned, hoth an* etpially 
strong. Weight for weight wood is as strong as 
.steel- a fact that many do not appreciate. Again, 
ill the inafter of heating economy, a wood-framed 
huilding ha.s definite advantage over a steel framed 
house, for steel eonduets heal. :M)0 to tOO tiiiios as 


rapidly as wood, so that h(‘al pas.ses very rapidly to 
the interior of (In* huilding from oulsidt*. A simjile 
ealeulalion will show that in a (jui'tta winter, for 
instance, ahont tons more of coal will have to he 
luiriil every year to otfset the extra loss due to the 
higher eondn(‘l iv ity of steel framed (‘oiistriietion. 

h’nrther. if projnrly preserved and seasoned 
limher is employed, mainten.inee will he no more 
costly for timher framed st nu t nres than for steel- 
framed ones, while in adaplahility the wood framed 
huilding is ideal for making alterations :ind additions 
hetaiise wood 4'an he sawn, jointed and rc'inforeed 
vi*ry ••asily. 'The elfeel of the two types of construe 
tion im tin* aeonsliis of a house is another point 
whii li mav he of interest to house owners. 'The 
Hiirt'aii (d‘ Standards (d‘ the I'nittal Stales of 
.Vmeriea mad**, snim* lime ago. an exhaustive investi- 
gation <d‘ the sound I ransiiiilled hy partilion.s hnilt 
of ditfertnt materials, and it was reported that tin* 
hiiidiiess <d' sounds of averag** pitch transmitted hy 
mi*(al lath and plaster p;trliiions w;is n(*arly I.'i per 
(*(*nl griali*!* than that of sounds transmitted hy 
standard wood lath and plaster partitions. 

Indian Sciencr Cf)ngr(‘.s.s 

For the occasion of tin* Silver Jidnlt'c .session of 
the Indian Sei**nee ('ong*r*“ss, to h** ln*ld in ('aleiilta 
lr*>m .lanuary ilrd - JHh, lJUtS. e(‘rlain Se<‘lions have 
h«*en split up. and three in*w S**etions therehy erent- 
e*l. ’rill* eom)>lele list cd’ Sections with their Frc'si- 
denls is as folhiws:- — 

Ski tion PiiKsinKN’i 

1. .M.^tiikm \Ties Dr \\, |t. Normand, Direc- 
.VNii Physics lor (lem ral of ( )hs« rvalories, 

.Met(*orologieal Ottiee. Poona, 5. 

2. CiiKSviisTHv Pnd'. S. S. Mhatnagar, Djrec- 

tor, I'niversiiy Cininical Laho- 
ralorits, l.ahor**. 

(iKoi.oiiY Mr. D. N. Wadia. Olfg. Silpdl. 

(hologisl, (i(*ologieal Survey nf 
India, 27, (’how ringhee. (Val- 
enti a. 

k (fKofui veil V Dr A. .M. Ih roii, Director, (ico- 

ANii (1koi>i.;sy logical Survey id' India, 27, 

C -how ringhee, ( hileu I la. 
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NOUS AND NEWS 

Section President 

6. Botany Prof. B. Sahni^ Professor of 

Botaiiy, Liieknow University, 
Lucknow. 

6. ZooLOiiY Prof. O. Matthai, Professor of 

Zoology, Govcrnmeiil College, 
Lahore. 

7. Entomology Mohammad Afzal Husain, Prin- 

cipal, Punjab Agricultural Col- 
lege, Lyallpiir, Punjab. 

8. Antiikopoi.ogy Dr B. S. Guha, Zoological Sur- 

vey of India, Indian Museum, 
Caleiilta. 

9. AoHicui.TrHE Rao Bahadur T. S. Venkatra- 

man, imperial Sugarcane Spe- 
cialist, Lawlcy Road, Coimba- 
tore. 

10. Medical Sir U. N. Brabniachari, Kt., 

Rrhkaucii Cornwallis St., Calcutta. 

11. Vetkhinaky Col. A. Olver, Animal Hiis- 

Reskarcii baiidry -Expert, Imperial Coun- 

cil of Agricultural Research, 
New Delhi. 

12. pHYSioLOiiY Brev. (-'ol. H. N. Chopra, Direc- 

tor, School of 'fropical Mcdi 

cine, Chittaranjnn Avenue, Cal- 
cutta. 

18. PsYCHOi.oiiY Dr G. S. Bose, University Col- 
lege of Science, 92, U}>pep Cir- 
cular Road, Cah'utla. 

Under the new rules of the Association, the 
abstracts of papers will Ik* printed in final liound 
form before the meeting. The Ea^ecutive Committee 
have therefore fixed Atujnst IfUh as the last date for 
the submission of papers and abstracts. 

Since it is desirable that a very high standard 
should be maintained on the occasion of this session, 
the Executive Committee, have decided that no 
abstracts wilt be printed unless accompanied by the 
full paper at the time of submission, thereby enabling 
the papers to be refereed by the Sectional Committees. 


Regarding the Botany Section, Prof. B. Sahni, 
the President, has divided his section into six sub- 
sections, with separate Chairmen. He asks us to 
request intending contributors to send their papers 
direct to the Chairman of the appropriate sub-sec- 
tion, who will act as referee and A<lvisc the Presi- 
dent. The following arc the six sub-sections: — 

Sub-section . Chairman 

Cryptogams M. O. P. Iyengar, Professor of 

Botany and Director, Univer- 
sity Botanical-L aboratory, 
Madras. 

Phanerogams and S. P. Aghurkar, Ghose Professor 
Taxonomy of Botany and Head of the 

Dept, of ilotany, University of 
Calcutta. 

Genrtkh and Dr (Miss) E. K. Janaki Amroal, 

Cytology ricncticisl. Imperial Sugarcane 

Station, Lawlcy Road, Coimba- 
tore. 

Mycology & Plant K. C. Mclila, Prof, of Botany, 
Pathology Agra College, Agra. 

Physiology and P. Parija, Prof, of Botany 
Ecology Rnvcnsliaw College, Cutiack: 

pALAKoiioTANY B. Saliiii, Prof. of Botany, Uni- 

versity of Liu'know. 

As far as possible the meetings of llu* siil)-seelions 
will be held consecutively, in a continuous programme, 
so as to avoid their overlapping with each other. 

I’lie following is the suplemf'ntary list of delegates 
w'ho have aceepled the invitation to attend the Jubilee 
Session of the Indian Seiemr C’ongress: 

Bally, E. G., (Edinburgh), Bally, E. C. C., 
(Liverpool) ; Blackman, V. H., (Ixmdon) ; Caie, .1. M., 
(Edinburgh); Debenham, E., (Cambridge); I'Varii- 
sides, W. G., (Shcflield) ; MeFarlane, J., (Aberdeen); 
Ogilvie, A. G., (Edinburgh); Retidle, Dr. A. B., 
(London) ; Saunders, Miss K. R., (Cambridge) ; 
Stratton, F. J. M., (Cambridge); Venn, Dr. J. A., 
(Cambridge); Wynn Jones, Dr. LI., (Leeds); Barker, 
E., (Bambridgc); Crew, F. A. E., (Edinburgh); 
Howarth, O. J. R., (London). 
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Science in Industries 


British Empire Fair and India 

Final reports or. tlu* annual llrilisli Kiiipirr Fair 
lit'ld ill London rreeriily show that iiulia inerfased 
her representation and. as a result, attracted more 
orders. According to a report just n-eeived from 
the 'I'rade i)«‘partment of tlie Hif*!! ('omtnissioiu'r 
for India in London, exhihits of ^oods from India 
oeeupied o.THti sij. ft, an increase of SOW stp ft over 
last Y«‘ar. 'I'liis lime there were *J0 separate stalls 
with exhihits of (>.> firms, eompan‘<l with hi and 
3.‘1 respect ively <if the previous year. 

The amount of l)iisiness done in tlu‘ form of 
orders hooked at various stands was Us (iii.Lia. 
which was more tlinii last year's fij;ure, and 

(iK% more than the year before, us shown below; 



11)5.3 

l!)5(i 

11)57 


Us 

Us 

Us 

Coir aiul Fibre floods 

Nil 

1.000 

8.1)00 

Carpt'ts atid rugs 

8.000 

10.050 

15,200 

Hrassware 

!f2J00 

1.3.000 

1 1 ,072 

Inlaid and carved woodwork 

2.500 

I.S70 

L.300 

I .aee 

2,100 

5,550 

2 .070 

Sports floods 

2,700 

.S.*J lu 

1 t.580 

Furs and Skins 

Nil 

2.000 

Nil 

Kashmir work 

,, 

Nil 

070 

F'mhroideries and .Silks 

.. 


1 .1)8.3 

Cigars 

.. 

.. 

1)00 

.Miseellaiieoiis (Hats, Oohre, 




Oakum, etc.) 


- 

1,0.3 S 

'rot« 

5 7, .300 

15.01)0 

05,15.3 

f)f III*' orders hooked 

(i.S wen- 

from IH'W ells- 


tomers. while JiK new loiiiieel ions were formed for 
fancy fi;(»ods and art ware (itieludin^ 1 from .\ii.slralia 
and 1 from France) *2 for lace. It for sports fi;ootls, 
8 for carpets (including 1 from France and I fnue 
Airstralia) and d for silks ( inehidiiifj; .‘i from France). 
All these were sample orders which be n-prat 

ed if they jirovod .sati.sfaet(»ry. 


Commenting on the drop in itrders for brass- 
wan*, the reptirt remarks: 

“It mi^ht be iliie to various causes, amongst 
which might he mentioned: (i) eonneetion having 
already heeii established, the hiiyi-rs placed their 
•irders direct with the mnniifaelurers ; {it) such a vast 
variety of fancy goods answering modern taste and 
rt‘((iiiremenls was on the market that the field of 
ehttiet* was eimsidt'rahly widened to the iletriinent 
of the old fashioned Iniliaii hrassware: and (iii) the 
(|iianlity reeei\(‘d tliis lime, (hough it eoii.sisted of 
individual samples of variegali'd designs arnl .styles, 
was far too mu(‘h f«)r the siz<* of the stall, which made 
it impossihle to (‘xhihit all the sam])les to .'idviinlage, 
with the result that the biiy<*rs could not see them 
all within the limited lime at their disp<isal. If less 
(|uantily hut more select \arielies had been received, 
perhaps heller husitiess might ha\e been done. How- 
ever, though lh(‘ total value of the orders received 
was less than l)efon‘. a numher of new eonneetions 
were formed". 

similar (‘X|)laMalion for the drop in the orders 
for lace is also given. 

It is noted that tlie King and (Jiieeii and oilier 
meinhers of the Uoyal Family visiteil the India 
stands and made a number of pureiiases. The cost ' 
of parliei|)at ion totalled € 1,11)8 against £1,0(15 of 
the previous year, the increase Iwing dm- to more 
space having been taken. 

Timber for Development of Communications 

.Ml weather rural roads are an important part 
of any rural reeonst ruction prograiiime. Hut how to 
have tiu-iii? Tlie aiiswiw is given by the Forest 
Heseareh Institute at Dehra Dun, wliieh in one of 
its pam))hlels entitled Trruivd TimUvr Hrifhjex for 
Indian IlitfhK'atix and liaiixi'aifs, says that the treat- 
ed tiinher bridge holds the key to tin* problem. For 
four or five montlis in the year a I'onsiderahle length 
of rural roads lies useless and villages st'rved hy 
these roads are cut off from urban areas. It is the 
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absence or lack of efficient and economic type of 
highway bridges which partially cause these diffi- 
culties. ISfanv engineers not aware of what the 
P'ore.st Rcscarcli [nstitiito has been able t«» achieve in 
this direction will probably think that tiinl)cr is not 
exactly the tyi)e of material from which durable 
bridges of this kind can be made. Iliit the Institute 
which as a result of recent researches has evolved a 
type of material and design of construction that arc 
a great improvement *»ver timber bridges known to 
most engineers and administrators of India at 
present, says that if a good wood preservative and 
an efficient method of preservative, impregnation arc 
employed, one can confidently expect a life of at 
least 25 years with practically any limber which 
should preferably be in the. round if installed in the 
ground. Poles of sal, teak and other similar 
.species, treated with an efficient preservative, says 
the pamphlet, would ])rovide excellent maU'rial for 
building durable railway and. highway bridges in 
most parts of India at considerably less expense 
than with steel, masonry or concrete. According to 
provisional calculations an average saving of 30% 
to 60% in the initial cost of the bridge can bo 
effected by using treated M’ood. Treatt'd timber 
thus affords to the tax-payer practically two bridge.s 
where only one. can be had at present without at the. 
same time sacrifieing even ultimate economy. 

Bridge spans of over 100 feel arc possible, w'ith 
properly designed limber trusses, for use on high- 
ways and even on railways. Spans up to 330 feel 
are practicable if the suspension bridge typo i.s 
employed. There is also a field open to the tiiidier 
tre.stJc bridge tyj)e. 70 to .00 jier cent of the total 
length of railway bridges of several important sys- 
'teins of railM’ays in the l.^nited Statc.s of America 
arc of treated timber. It may also bo news to some 
people that the long<\st railway bridge in the world 
is built of wockI. Among the notable examples of 
treated timber highway bridges that have been instal- 
led recently in other parts of the world, is the Jlowe 
Truss Bridge at Frcsnal, British Columbia. It has 
two spans of 150 feet each and three spans of 
180 feet each. Another timber bridge erected re- 
cently is the eighty feet span warren truss railway 
bridge de.signed to withstand Cooper’s E.60 loading, 
pul up three years ago in the United States of 


America. The Government of the United States of 
America have also built in 1984 a treated Douglas 
fir suspension bridge of 845 feet span over the 
Rogue River in Oregon State. Several highway 
bridgv^s of 80 to 120 ft span liavc also been built 
during the last two or three decades in Germany 
and Swilxerlatid and they arc still rendering efficient 
service. 

As regards the durability of treated timber 
bridge.s, service records of several thousand railway 
and higliway bridges in tlic U. S. A. (where in most 
States conditions tending to destroy timber arc liard- 
ly less severe than in India) afford a ready and 
definite answer. In a Stale where untreated timber 
harilly la.sts two years, the (ij miles length of the 
longest trestle bridgir in the world located in the 
Southern Pacific Railway system over Laker 
Poiieliartran has remained practically intact for over 
55 years, during w'liieh period only about (5% of 
the original timber has l>c(‘n renewed. In India a 
)H‘riod of more than 20 years' diirnbilify has been 
obtained with readily ])erishable .soft woods in the 
form of sleepers after they were treated with wood 
prc.scrvativcs. Other tests with wood pre.scrvHtivcs 
cMinducted hy the Forest Uc.scar(‘h In.stitule, Dehra 
Dun, during the past 25 years have siiown that 
treated wood resists white ants and rot in India as 
effect ively as it docs in other countries such as the 

r. s. A. 

The Institute will be glad to give all possible 
lielp to engineers r«-gar(lirig the design of this type 
of hridgc.s', in addition to any information required 
concerning the cflicienl and economic treatment of 
liinlMT with j)rcscrvalivcs. 

Weights and Measures in Bombay 

A Bombay (h)vcrnment communique says that 
soon after the introduetiori of the Bombay Weights 
and Measures Act, 1932, it becrame evident that the 
weights and measures mentioned in the first 
.schcdull^ of the. Ac^t W'ere not .sufficient for all the 
requirements of various trades in the Presidency. 
The (hn’crnmcnt, therefore, took steps to get the 
Ac't so amended as to empower tliem to declare as 
standard either generally or for any trade or class 
of trades, w'eights and measures, multiples and sub- 
multiples thereof. After carefully considering rc- 
])resentations from various bodies, a large numlier 
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of new weights and measures have now been 
recognised. 

In January mimhcr of Sc iknck ano Cri.TrnK, wc 
published an article on ** SlandardiKnlioii of Weights 
and Measures" in which it was shown that in India the. 
state of adair has been made uselessly eoiiiplieated 
by allowing the use of liritish .system siih; l>y side 
with the important .S 3 \sleins prevalent in various 
parts of the country and in various trades. We ex- 
pressed the view that ^letric syslein being the most 
rational system and having been adopted in pr;ieti' 
call}' all the eivilixed rt)unlries of the w'orld should 
also l)e adopted in India and necessary legislations 
passed. We are therefore .sorry find that the. 
Bombay Government, instead of simplifying down 
the whole thing by adopting the ^feirie system, has 
complicated the situation further by recognizing a 
whole lot of new standards. S«uiie idea of liie. <-om- 
plexity ma\’ be gathered from I he list ef wiighls 
aeee])ted as standards given below. I'or eonveiiieiiee 
we have omitted the list of licpiid nu-asures, a very 
large number of measures for special trades, area, 
volume and length. 

Wehfhts al read If revotjahed. 

'riie Bombay 'Pola 4>f 180 grains. 

'rhe Bombay Seer of SO tolas. 

'rile. Bombay Maund of lO seers. 

The .suh-iniiltiples J, J, i, l/l(i and and 

the multiples, 2, 1, and 8 of the lolal, seer ;ind 
niannd. 

The pound avoirdupois equal to 7,000 grains and 
the .siib-midtiples J, j, J, 1, 2^ 4 and 8 ounees, the 
multiples 1, 2, 4, 7, 11, 28 Ihs. (a quarter), .-ifi lbs., 
112 lbs. (1 ewt.) and 2,21-0 lbs. (1 ton). 

Dry Measures : — 

'i*he Bombay seer. 

The .sub mnlliph's \ and J seer. 

TJic Bombay Clialak-- J/JO seer. 

The Adpao~"J seer. 

The Adholi" 2 seers. 

'rhe Bombay pay all of t seers. 

'The Bombay Mannd of 10 pay alls. 

The Bombay Map of 2 maunds. 


fVeif/hts now rccoynhed 

'riie dram is equal to 1/1 0th part of an onneo. or 
1/250 i^art of a lb. 

Suli'inultiples — j, |, .1 of dram and multiples, 2, 4, 8 
drams. 

'I'lie grain and siih mulliples- .01, .02, .08, .05^ 
.00, .1, .2, .25, .5, .(i, and ninltiph'S 2, 8, 4, 5, 

ti, 8, 10, 12, 10, 20, 2 1-, ;»), IS, 50, 00, 72, 100, 

120 , 210 . 

Dry M *asti res : - 

Sub multiple. l/:i2 .seer. 

Sub-multiple J, j , A, ;{ «if Bombay Mannd. 

Chemists and Industry 

'rile Society of (.'liemieal Industry liehl a sympo- 
.siiim at .Man(‘ht‘st(‘r on April 2, on the “ Induction 
and funetions of the eheiiiisL " and “ llis influence 
ami reward.” 'I’he meeting was well-nllemlcd ' and 
many sjieaker.s, imduding several experts from lead- 
ing eliemieal firms of Great Britain look ])art. It is 
interesliiig to note from the di.Si'U.ssions that the 
problems in (treat Britain in many respects striking- 
I\' resemble lho.se in India, 'riiii.s, according to 
Xature (April 17, 1057), the following ])oint.s have 
emerged from the symposium: 

(a) For certain classes of work, graduate ehe- 
iiiisls do nol appear to he .siiflieieiitly trained in 
mariipnlalive l(‘elmique, possiblv through the attempt 
to pul too iiiiieh into the eurrieulum. 

(h) 'riiere has been loo little contact between 
iiidiistrx' and the leaching inslitiitioiis generally. 

(r) There is a large, demand for ehrmist.s wlio.se 
Irainiiig from the start is along di tiiiitely teelinical 
as opposed to jmrely aeademie lines. 

{d ) For .sneress in other walks of life, .such as 
administration, busiiu'ss, saiesinanship, and even 
rni.Hii«'e, i-iiemieal training forms just as good baek- 
groiind as any other. 

The Coal-Tar Dye Industry with Reference to India 

This nnmlli we jiiddisli an article on the next 
page on ” The Coal Tar Dye Industry with reference 
to liulia ” by Mr K. J.. Itoy. 'I’he induKtry in this 
<*ounlry lias imineuse. ])ossibilities in future, and the 
article will be much n])prcciated, wc hope, by our 
readers. 
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'I'lic ('oul-Tcir Dye Industry with I’^cfcrcncc tn Indici 

Ktinai I-cil Koy 

(ihou Renearch Scholar in Applied Chemistry. Univeralty Collcire of Science. Calcutta. 


The (tri^iii ami ileveh»]>iiieiil <if the roal-tar tlyt* 
industry represents tme of llie j;;realest triumphs of 
modern ehemislry. In I8:ii Kun^e tliseovered phe- 
nol and aniline in eoal tar. 'fhe researehes of 
A. W. Hofmann revealed the eht'tnieal 

nature of several of the more important eonstitiients 
of eoal-tar. 'I’he industry praelieally tlates from 
185(i, when Perkin ohtainetl mauve hy oxidixiiiii; ani- 
line. In 185*) Verj^uin isolated Kuehsine. Soon 
afterwards aniline-hlue was diseovered, whieh Hof- 
mann in showed to he a tlerivative of rosani- 

line. In 18i)8 and 18(il) (iraehe aiul Lii‘herman 
synthesized alizarine from anthracene. In 1871 
Haeyer iliseovered tlie ])hlhHl<*ins. In 187(i K. and 
(). Fischer wtirked tint the constitution ttf rosiini- 
line colours. Ahoul tin* same time the maniifaeture 
of the azo-eolours was hegun. In 1881' the e«mg:o- 
red eotloi) dyes were inlrodueed. lmlifi:o was synthe- 
sized by llat'ver in 1880, hut its iiianufaeture only 
bt'came a eoiinnercinl siu*eess after Ht'iiinaiins’ syn- 
thesis in 1800, the pnidiiet beiiij' placed on the 
market by the liadische Anilin-iinil Soda-Fabrik in 
1807. In recent years tlu- most noteworthy dates 
are 1001, the year of the discovery of the first 
aiithracenevat dyes by the lladisclie .Vnilin-und 
Soda-Fabriek and 1005. when thio indigo was pro 
diicetl by Frieelamlcr. 

Although the dye industry was founded in Kiiff- 
land by Perkin, who established a factory for the 
manufaeture of mauve, and later of alizarine, the 
trade soon went into (ierinan hands, one of the 
weijrlily reasons beiiif*; the unfortunate divorce of 
seieriee from industry whieh largely prevailed in 
Kn^land, whereas tin* t'ontrary was the «ase- in 
Germany. 

Since tin* manufaeture of the arlifieinl eolotiring 
matters from eoal-tar, the use of natural colouring 
matters of animal and vegetable origin whieh have 
been used for dyeing for thousands of years has 
enormously <le<rcased. A few, however, still po.s- 


sess some importance, vir.., indigo and logwood. 
There is no doubt in course of time the use of the 
natural colouring matters will iH'eome still less, being 
replai‘ed by superior and cheaper synlhelie ]»roduets. 

(\»al-tar is the primary raw material of colour 
industry. It has an extraordinarily eomph‘X consti- 
tution, whieh varies not only with the nature of coal 
distilled, but also with the tt'inpi'ratiin' of distilla- 
tion. The eonstitiients (‘inployi'd in the colour in- 
dustry are benzene, toluene, xylene, napthalene, 
anthracene, phenol and erem»l. The average per 
eentages of Ihese ei»nsliluenls in c’onl-tar are:' 

Per t‘ent by weight of coal tar 
Benzene . . . . ().<{- 1.0 

'Poluene . . 0.2-0. !• 

Xylene . . . . . . 0. 2-0.8 

Napthalene . . . . 2.0-10.0 

.Vnthraeeiii* 0.2-0. I 

Phenol 0.2-0. 7 

C'reM»| . . . . . . 0.5 0.8 

'I'hese products from eoal-tar are then subject - 
e<l to various chemical treatments so as to prodiwe 
intermediate products, w’hieh serve as raw materials 
for the protliietion of final ilye stiitfs. 'Phe ehemi- 
eal trt'atments mainly consist of sul])honation, nitra 
lion, reduction, oxidation, diazotisation and siibse- 
f|uent boiling with water, fusion with alkali and so 
on. 'Phe number i»f artificial dye-stufi' is very large, 
thousands of iliirereiit types of dyes having been |>ro 
dueed up till now'. 

'Pile establishment of the dye stuff industry in 
our etiimlry has now become a fundamentally im- 
portant problem. If we eonsiilt the statistics we 
shall find that of all tin* imporlt'd chemical products 
the coal tar dye-stuffs top the list. 'Pin* following 
is a list of some of the main imported chemicals, 
other than dye-stuffs, w'hieh we consume annually 
with appnixiiiiate values ('Pablc I ) : 

1. Vide, Hooper. Aii.qly.si.s of Tnr, Jour, Soc, Chem. 
Ind,, 29, I t.l8. lOjo. 
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ImPKUTKO (fOOI)S 


rAHLK I 

TmI»OIITKI> (i<)f)l>s Ai'I'IIOMMATK VaI.I’K 

Us 


Kx plosive chemicals 

. . 'J.i.OO.OOO 

Raw aiul inanufaetun*d asbestos 

1 k0().00U 

Fire Hrieks 

•i.OO.OOO 

Cements (mainly from daiian 
and I'nited kingdom) 

. . ‘JO.OO.OOO 

(’aiidles 

Pi ,000 

French Chalk 

li.OOO 

Acetic A(*id 

1 ..“lO.OOO 

('arbolii* Acid 

.‘tO.OOO 

Citric Acid 

1.00,000 

Hydrochloric A(*id 

l."),000 

Nitric Acid 

liO.OOO 

Oxalic .Acid 

1. 00 .000 

Sulphuric Acid 

iri.ooo 

'Tartaric .\eid 

1 .20, 000 

Alum 

TiO.OOO 

Ammon. C’arboiiate and Hiear- 

bonale 

I .oO.OOO 

liiquid Ammonia 

2,00. 000 

Ammon. Chloride 

:i, 50.000 

llleaching powder and other 
lll(‘achiiig material 

12,00.000 

Calcium Carbide 

0,50.000 

F(*rrous Sulphate 

11,000 

Copper Sulphati* 

;t,Go 000 

Disinfectants 

t), 00,000 

Sodi. Hicarbonalt* 

7,00,000 

Sodi. Dichromate 

:t ,00,000 

Sodi. C'arbonate 

50,00,000 

Sodi. 8c Pot. (.'yanide 

11,00,000 

Caustic Soda 

. . ;t5, 00,000 

Sodi. Hydrosulphite 

;t,!io,ooo 

.Sodi. Hyposulphite 

07,000 

Sodi. Si beat <* 

2,ti0,000 

Sodi. Sulphide 

2,00,000 

Cilyccrine 

;i„) 0 ,ooo 

China clay 

S, 00 ,000 

Patent Medicine 

(50,00.000 

.Saccharin 

2,00,000 

Eartlu*nwarc & porc(*lain 

K) ,00 ,000 

(flue and (iclatim^ 

t,. 50 ,000 

CarlMin KIec*trodcs 

2,00,000 

Rectified Spirit 

10,00,000 

Denatured Spirit 

U ,00,000 
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iSi N';iriiisli . . S(),()(),0()0 

Soaps . . ;i0.00,0()0 

Stardi and Drxtrin . - :* 5 .00 ,()()() 

ami so on 

A-s n^aiiisl iliis, tin* import of foal-tnr tlyos 

a| pr«»xiinati's nu>ri‘ than l\vi> and a half <*ror**.s of 
ruprrs. and in llu* piv war imtiimI (IJM.Vll-) llif 
valiu* of thf iinp4)rt(‘d dyi’s was sliyjhlly over om* crort* 
of riipros (IlkSI laklis). 

'rahlf 1 1 will explain llu* prt s«*nl position ism- 
ivrnin^ llu* import of tliilVnnt <*lnss<*s of dyr- 
slnifs and 'I'ahli* ill indii-atts llu* shan* that din'rn’iit 
t‘oimtrii‘s laki* in tiu* rxp4>rt of dyr-stiifl's It) India 
ami tIu* amounts of ^omls takni hy dilft-rt-nl proviiu*<‘S 
of India. 

From llu*st* tallies it is eh-ar that tliiTi,* an* 
vast p 4 )ssil>ilities for llu* dvr sliitV industry in India 
Now-a-days India prodiu-rs alioiit thirty million 
l^alloiis of roal tar. this raw inatt'rial is not at all 
siilHrirnl it) nianiifartun* all llu* dy(*'Slun‘s that are 
now ii)iporti‘d hrn*. hut it is siiHirinit Iti start a new 
dyr-farlory with. .Vnd it is jiidirioiis at tiu* lirgin- 
nin^ to start with naphtliali'iu* and anlhrarriu*. as 
raw materials for roloiir niniiiifaetun*, as they (*an he* 
very «*asily srj)aratr<l from distilled etial tar oil. It 
will he noted from 'I’ahle II that anthraet'ne aiul 
naphthahiu* dyes an* imporlid to the value of ahout 
half a erore of rupees. 

It is true that the ehemit'al methods- of the inaiui- 
fneture of t'oal-tar dyes are ehisely jiroteetd by 
nuim*rous patents. .Veverlheh*s.s a he^inning’ must 
he made and if w«* start manufaeturing now, there 
is no reason why Indian ehemists will not h(* able to 
tind out elieaper methods within a relatively short 
time, whieh will (‘liable them to take their own pat(*rits. 

In this (*onneetion it is nei*essary to stress the 
point again, whieh has been referred to llu* May num- 
ber of S( iK\( K AMI (.'ri.Ti TK, 7*#.r.. till* iieed of 
close eo-operation belwi'en the industrialists and the 
seieiititie d(‘partm(‘nts of the universities. 'Mu* arti- 
h’eial dye stiill' iiuliislry is pre-emiiu'iit ly an industry, 
where seienlifie talents are of the greatest service. A 
correct im iliod of ajiproaeli would be for industrialists 
to get into touch with the universities and flnaiiee 
preliiiiinnry researches on ll.'is suhjeet by giving 
generous research grants and scholarships tenable at 
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SCIENCE IN INDUSTRY 


TAIU.K IF. 


QuAtiiitv. Value.^ 

( I1»ii ) ( Rr ) 

Eleven mouths (ist. April -oml of I'Vh.) Klcveii iiioiitlis <lst April-cnd of Feb). 


Dyes from r<ialtar 

19.34 35 

J 935-36 

1936-37 1934 35 

1935-36 

1036-37 

Alizarine 

3,422.133 

2,095,051 

2,226,679 23.36,409 

14,14,080 

14,50,645 

Con/;ro Red 

2.373.259 

2, .390, 995 

2,2.30,046 13.61,869 

13,43,288 

12,30,840 

Conplini; dyes of the iiapthol j'l oup 7.25,16.') 

930.584 

603,790 22.02.269 

24,85,974 

17,20,745 

Rapid fast cr»1ours 

64,882 

51.846 

38,216 3,22,912 

2,95.018 

2,08.262 

Rases 

410,951 

540,311 

314,980 9.43,973 

11,45,414 

6,70,762 

Other Salts 

784.241 

923,516 

676.472 11,96,534 

13.:3.367 

10,84,909 

Indigo 

1,225,835 

1.136,123 

714.611 16,97,963 

16,83,856 

9.46,961 

Carbazole blue 

44.549 

75,362 

76.730 1,22,117 

1,55,879 

1,63,238 

Paste 

27.5.632 

206.679 

135,391 7.64.481 

5,01,402 

4,19,447 

Powder 

397,751 

57.3,422 

.584.878 57,48,028 

84,44,412 

82,20,820 

Sulphur black 

2.700,6.33 

4.091.686 

2.835,273 8,58.853 

11.12,095 

6,19,914 

Metaril yellow 

‘ 636,994 

616..550 

795,008 5,61,186 

5,80,708 

6,07.324 

Aurauriiic 


16,516 

280 

24,335 

337 

Khodaiiiiiies 

.5,950 

3,382 

.551 8,3.54 

8431 

2,025 

Aniline Salts 

28.1,292 

233,226 

214,401 1,18,253 

87,374 

83,925 

Others 

Countries from 

4.335.414 5.012.475 3.349,224 69.09,105 78.07,440 51.24.249 

TAHl.K No. Ill 

Ouantitv. Value. 

' (Ills) (Ks) 

Klevfn ninnths (1st. Ajiril-enil of rdt.) lileveil months f l.t. Apnl-t^iiil of Fch.) 

which the dye 
stall are iiii])urted 

1931 .35 

1935 36 

1936.37 1934.35 

1935-35 

1936.37 

l‘roui T’liited Kingdom 

1,835.113 

2,044.596 

1.4H.5.045 30,23,515 

38,70.513 

29,58.197 

Germany 

12,201,269 

12,090,005 

10,173,475 1,74, .54,907 

1,87,09 221 

1 .56.24,4111 

Switzerland 

595,132 

656,703 

365,925 15,60.319 

19.32,241 

12,52,970 

Tnited Slates of America 

914,489 

1,296,678 

‘33,022 9,76,015 

13,03,329 

7.11, 217 

Japan 

1,131.384 

1,281,227 

1,040,084 9.70,974 

ll,3S,028 

9,46,189 

Other Countries 

1.011,294 

931,515 

999,007 11,65,575 

13,59.741 

10,11,359 

Total 

17,688,681 

18,900,724 

14,796, .558 2.51,51,305 

2,81.13.073 

2.2^'04,503 

Share of imports by heiigal 

1,169.733 

1,640,60J 

1,231,268 19,08,410 

25,53,146 

20,56,806 

B ^inbay 

I2,5ri,416 

13.893,188 

10.503,717 1,80,72,146 

2,13,65,684 

1,65,17,102 

Sind 

1,621,511 

1,389,991 

1,395,334 14,80,646 

12.34,082 

11,24,177 

Madra.i 

2,187,159 

1.686,9 i2 

1,585,467 35,05,943 

28,02,329 

27,22.566 

Burma 

138,862 

290.023 

80,752 1,84,160 

3,57,832 

83,752 

Total 

aClBNGE A 

CULTURK 

17,688,681 

18,900,724 

14,796,558 9,51.51,305 

2,83.13,073 

2,25,04,403 

644 



SCIENCE IN INDUSIKY 

the university laboratories. The German univer- 
sities, it is well-known, were one of the most impor- 
tant contributory factors for tlie jilicnonieiial deve- 
lopment of the dye-stuff industry in Germany, which 
country still occupies the first place, in this line. 

Finally, it may he stated that every important 
country in the world lias learnt to utilise its coal 
tar. It may, indeed, be said that the country, 
which docs not scientifically treat its coal and tar is 
hardly civilzed. It is a pity that wc in India have 
not yet learnt what immensi- power and fortune lie 
hidden in coal, otherwise how ean one explain tlit^ 
terrible waste tliat is he.in^ daily iiieiirred hy hii ru- 
ing coal ill stacks to produce eoke and discarding 
the tar and gases? The tar, again, where it is manu- 
factured, is not scientifically treated, so that we are 
tragically dependent on foreign countries for valu- 
able and essential commodities derivetl from tar. 
'J’lie dye-stuff industry is Jiitimately related with 


certain classes of the synthetic drug and explosive 
industries for the reason that these classes of essential 
goods are closely chemically related. That is why the. 
d3'c-stuir iiulustry occiijiies a ))romiiient position in 
the life of any nation. During peace and war syn- 
thetic drugs are always important and tlu\v can be 
elicapl)' prodiieed only wlicre there is a flourishing 
dye-industry. Kxplosives are eipialK' important 
during peace time for mining purposes and in wrar 
the}’ are essential. U is well-known that during the 
last war the huge ili’c-stuff factories of Germany 
were smoothly transformed into factories for the 
prothiction of poison gases and explosives, w’hieh 
gaie. Gt'rmaii}’ a decided advantage over the allied 
countries. ’Die rpiestion of the starting of a dye- 
industry shtuild, therefore, he immediately gone into 
by a commit Ice representing experts and industrial- 
ists and if possible the Government. Competition 
between nations to day is essentially a competition In 
science and its applications and it is time that the 
intelligentsia of Jiiilia generally realised it. 


ELEMENTARY PARTICLES 

Prof. J. Cliadwiek, k.h.s., in his Ki*lvin I.«*eliire (the 2iSth) to the Iiistilution 
of Electrical Engineers last week, ileserihed the latest views on I he eonstitiition 
of matter which seieiiee has he«-n able l<» formulate, 'file et)mparalivel\’ simple 
“Solar System" picture of the atom whh-li, for a short lime after I In* discovery *)f 
the. electron, .seemed to fit the facts, soon showed itself to he inadecpiale. 'I’o 
the proton and electron, the positron, or ]»osilive eleetp>ii, and the neutron have 
liecn added; yet even so the list of elementary ])arlieles is iiUMunplete and an 
object named the neutrino has had to 1 m* ])ostuIaled. It appears to he just about 
as djfiieiilt to detect as the iiinetc-eiilli-eentury elJier, luit for the lime lu'liig at 
ail}' rate it is eoiivenierit inakew'eight. Nor is it yet eerlaiii that tin* neiilroii and 

the ])rotoii are distinct entities — they may, it seems, he merely diifereiit aspc'cts 

of the same thing — like electron which heliaves as a particle or a wave according 
to where, it is and how one looks at it. Altogether, it is all very hatlliiig, and 
Dr Chadw’iek admitted that while we were now able to des<*rihe the eonstitiition of 
the atom in a W’av that was impossilde in Kelvin’s time, we were still as far as 
ever from being able to t\rplain it. In other words we have found out the 

movement.s of the dance and identified some, if not all. of the participants, but 

arc still in the dark as to the originating cause. .Vt both (‘iids of the senle, in 
H.stronotny and in atomic physics, it is the same story. 'I'lie frontiers of know- 
ledge are being steadily pushed further hack, but the key to tin* riddle of the 
universe seems to be as elusive as the pot of gold at tin* fool of the rainbow. 

— The Elect rician, .'Vpril ;J0, 19;J7. 
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Research Notes 


Nutritive Disorder due to Eggwhite 

EjiHv ill lJi-7 Hums sIiowmmI th:H wIh'II fr#»s|i 
fjrjiwhito is cIimimI :iii cssoiitiiii (licti'tic fartor 
ill it is <lc*stroy(Ml. In the sil)sf*nf*(‘ »>!' this fa<‘tor 
yiMiiijf nits (lr>vf*lii|i a <‘liar:i(*tr*nsnc niiivrf'ial diTiiia- 
titis accniiipaiiird by iirmnis disonha* whiidi is 
finally ti'nniiiatcd by doatli. 'riiis fjinfor X is pro'^cnt 
ill fn‘s|i (‘irir, ynik Mini wliitc, ill driod yeast, raw 
pntatci, potato stari'h anil arrowroot, milk, blood 
serum, banana and in IVesli spina(‘ii and eabba^e 
leaves. Siie also sIiowimI tliat then* is a r<>lationsliip 
b(*tw«'eii the amount ol* dri<M| e<rjr\vhite ill^ested an<l 
the amount of |iroteetive faetor X needed to jrive 
proteetion. 

Leas(* and J^iison in IH.'U prodiu'ed similar 
dermatitis in ehieks with a wel!-mippleniented rati«»ii 
ri<*h in <'*iy:'vhite, and laired this by an extraeted 
liver residin' poor in vitamin T\\o syndrome 

produced on ej^j^wliife is therefore not dm' to 
vitamin lb,* defieieney. 

liCase ill \\);\{) [lerformeil eoneeiitration of (In' 
active* fae'tor in an extract desiirnated as Kxtraet A 
suitable for injei'fion. 

With the lu'lp of this extract I *ar>on, Incase and 
Kelly { lltfH’ftrtit. .V/, I’J I, IH'IT) <*ondne(<*d e'X- 
l»eriments to find what interreiationsliip exists 
betwe'cii tin* amoniit of tin* factor necessary for cure 
and the amount of e^r^rwhite. 

The plan of tin* expcrinu'iit was to produce a 
standard y:ra<le of the cliara<*f<'ristic elisordm* in rats 
and chicks on ration containing fermeiite'd dried 
ejrtiwhite and well siipplenn'iited with the eoiiimoniy 
accepted dietary essentials; the potent fa(*ior bi'in;; 
administered in jiraeh'd portions cither by intniperi- 
toneal injections of Kxtraet A or by eombiniiejc this 
extract or potent food with the ration. 

The authors eoncliide from the results of their 
expe'riineiif that the •rreater the cimeentration of 
(■•ryjwhite in the di(‘t the y:reater tin* amount of the 
factor necessary to cure the disorder. They liave 


also made the important conclusion that this nntri- 
tioiial disorder is metabolic in nature and' is not 
attributable to a di'ticiency eitlier in the diet or in 
the tissues of any faetor of the vitamin H complex 
so far clearly characterized. It has not yet been 
deinonslrati'd whether the protective factor is a 
vitamin or whether it is reiiniri'd in normal nutrition. 

//. .V. /;. 

A Simple Aromatic Oestrogenic Agent 

Since tin* discovery and isolation of o(>stroni' and 
other ootrojrenic bodic's in the urine of prcj^nancy, 
ath'inpts have bec'ii made to synthesize them. These 
substances contain I In* phenanthreiic micleiis, but 
|>odds and I/iwson {Xit/t/rr, /.VT. IMHi, Itt.'Jti) have 
shown that, this niu'leiis is not essi'nlial for oestrotje- 
ni<‘ activity. Very recently (.W/Zz/yr, /.V/Z, liKIT) 
the sanu' authors have made the v(‘ry interestiiifr 
obsf'rvation th:it I'ven such a simple compound as 
yi-liydroxv-pli(‘nyl ethyl ah'ohol is capable of |>rodnc- 
iiijr very marked oestrus response. Kvc'ii a much 
more fioteiit s!ibstaner> has bi'cii foiiml in yz-hydroxy 
propf'iiyl bi'iizeiie (am»l I W’hich has b(>en foiiml to bi' 
ol (he same order of potency as oe'>(rone itself. li 
is, imlced. nanarkable that Mich a simple substance 
should a|ipro\imate (he natural hormone in |)oten(‘y. 
’riie ob-.(‘rvation of Dodds and Liw-'on has obvious- 
ly ure.at theoretical and therapeiilii* iniplicat ions. 

/;. ( \ a. 

Pithecanthropus Erectus 

Professor Dubois has ajj:ain revived tin* ipicst ion 
of hninati .'itlinities of Pilhvrauthrnpiis Janu- 

ary, I1IJ7) which has bi'cii snbji'ct to the eritieisnis 
of Professor Le (Iros (’lark in the .\pril issiu* nf 
the above journal. 

Dubois is of opinion that the fossil skulls Unnin 
stdon/st's is really human and proto-. Viistralian and 
has nothing eommoii with Plthnfinfhrnptts. ^fhe 
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llhodcsiaii nmii cKiscIy rrst^nUlcs Soln man :iiul hntli 
of thorn ;iro rc*i»ros(‘iitjitivcs of I In* most primitivo 
typo of tho spocitvs Homo sopiats ami distinct fVf>m 
Homo itcomforf/mffotsis. 'I'licso arc (‘vidcnt from 
tlic! straijrht and slender limb l»ones, the peenliar 
niiehal piano of tin* oeeipital bone, low eranial eapa- 
eity of the Kliodesian man. The stronjrly developed 
arrttti sttprar/tiores and a fonts ooripHoUs /ntttsrm 
stts resembh* those of anthropoid ap<*s ami some 
Australians. These marived features of the Rhode- 
sian sknil have also bi'eii found to be pn>sent in tho 
reeently discovered sknils from N^aiidoiijr. The 
eranial <*apaeities of the Rhodesian, A nstralian, and 
N^aiidon^ skulls a^ree fairly W(‘ll and (he author is 
r>f opinion that the proto-Aiistralians <if X^aiidon^ 
in Java and Broken Hill in South Afriea had a 
somewhat larger brain volnim* than the Anstraliaii 
aborijjtines of today. 

8e<‘ondly, Dubois holds that Pilhvttiitthroptts is 
a {{iaiit gibbon, a view whieli Mare(‘llin Bonie In^ld 
lift<*eii years a^o. Dubois has foimd in tin* deeper 
shaft <d‘ (h<? f(*mnr sonui strn<*tnr<*s entirely tlillereiit 
from the human one and this betrays a miiseidar 
fiinetion ami a loeoinotioii, whieh th(iii<rh ereet :irid 
humanlike* on tin* ground was also arhon*al. 'riiis 
lias been siippm'ted by the bmr femora found in 
lll.'^O and a fifth found in lll.'h'i from Kediiii^ Brubiis, 
‘J1 miles east of Trinil. '^riie ^ibboiilike appearane<> 
is fiirthur evident from the ai)s<>iiei* of siotts fnothtlv 
in the gibbon and its marked dev<*lopments in Hithe- 
i ottthntptis^ and the volume of the eerebrimi whieh 
is e\a(‘tly twiee that of an imaginary siamaii^ ^^ibbon 
with the body w<*iti:ht of Hilltn’oiilhropos as eompii- 
t«*d from tin* ehi<*f <linn*usions of the femora. Final- 
ly Dnbois e\|)lains tin* surprisin«r brain volume as 
due to soim* law— tin* law of protriessive* eerebratiiUi 
by ^n*at leaps (niutationsi. I*n»fessor f^e (iros 
Clark (d/r///, April, IH.'IT) on (In* otln-r hand has 
pointed out the delinitely human ('harae'teristies of 
Hilhrrtntihntptts. Speakiuir <if the volume of the 
eerebruni on whieh Dubois has lain the e:reatest 
st.re.ss (Mark says tliat siieh an out -tamlin^ eontnist 
would keep Hitliovttitlltroptis tar removed from the 
gibbons ill its ev«>lutiona«*y status. 'The law t»l pro- 
gressive eerebration is based «ni tpiite iiiade<|UHte 


observations on tho relative brain W(*ight of n few 
related groups of mammals and even if the thesis 
restcKl on sound evideiiee there ean be no ground 
f<»r inferring kinshi|) betwet*ii twi» animals. The 
eraiii:il eapaeity of !Hf heron fhroptts a<‘(‘ording to 
Dubois is *)0t) «*. e. and that of Sioonthropos .skull I, 
as e.stimated by \Veid<*nreieh is iHf) e. e., Imt Dubois 
does not hold tin* latter to be a gibbon. The human 
status i»f Pitheroothntpos is fiirthur |»roved by the 
eonvoliitional pattt*rn of tin* frontal lobes and the 
as.soeia(ion areas are ineomparably mon* e.vteiisive 
than the apf*s. Fiirthiir, the marked asymmetry of 
the oeeipital lolx's is a ehara(‘t(*r whieh is reached 
ill hiimaii brain only. Dubois’ eoiielusioiis regarding 
the femur is based upon some inderinite markings 
as the ehaiiges of t he femur due to arboreal habits 
have not lM*(*n yet eoiielusively prov<*d. MMn* relative 
lengths of the eoiidvles ainl tin* e«>nvexity of the 
popliteal snrfa(‘e is similar to niod(*rn femora. The 
c*f*rebral growth of l*ithentothntpos had attained 
detiiiiteiy to a human l(*ve1 of developnn*nt and this 
is suppi‘r(i*d by tin* maj<»r <*hara<*ters of the f(*mur 
and by important df*n(al eharaeters. 'riie similarity 
of the Ptfheroofhrttitox ealvtirium and its f*ndoera- 
nial i*ast to tln»s(*of .SVy/r///////y>/;//x is so close that 
(hey b(*long to a eommon genus of primitive man. 

•S’. *S\ Snrhor 

Circular Ornaments of France 

Two eireiilar ornaments were eiilleeted from 
I/»iret in Frauee by Iv Viot. 'riiey are now on 
exhibititm in the I lall i>f Stone Age ot tin* ( )ld World 
in the Field Mu>(*um (d’ Natural History, ( 'hieago. 
These type-s of stone discs are r:irely found in 
Franee M'he thickness of bol h ( In* discs is F.^ cans 
whih* the diameter of tin* tornier is lo (‘ins and 
(hat i.f tin* latter IT") ems. 

1 i(*nry lield of Chicago suggests a ritualistic use 
from (In* d(‘licatc andskilledworknianshipofthe.se 
discs. ( -apitaii draws attention t«) similar ritualistic 
.stone discs from Japan. I b* fiirthur adds that they 
are also similar in form of the Mr*.\ican divinities. 
Moreover jadi; discs worn by certain Biiddhistie. 
priests tin* role of libiila.” Fxamples of shell 

discs also occur in New Hebrides, New (iiiinea and 
iillb(‘i*t Islands. Miocmiea \oth 
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Royal Asiatic Society of Bengal 

Air oTfliniiry monthly mootiiii; of the Royal 
Asiatic Society of Ben^rii] was held on the 3r<l May, 

1J)37. 

The following paper was reail ; — 

1. A. II. Harley — The Cltild-irorld and the 
Child in Arntty. 

General intriMlnction : tin? older psyeholojry iiirely 
features the child in sculpture or painting, and does 
not cater for him in literature till a late; date ; 
recognition f»f the play-instinct is companitively 
recent. 

A niimber of games play(‘d by children in the 
Arab tribes arc here ilhistrate<l from th<M)1dest litem- 
tnre ; c.//., Mock Fights ; the Whirligig or Saw ; 
*(^>nkers’ ; Tip-<‘at ; the Spinning-top ; Pebbles and 
Holes ; Hand-ball ; etc. 

The following exhibits were shown an<I comment- 
ed upon : — 

1. M. Hidayat Hosain. — Kih'dt at- V tan ; a. rcry 
rare and original nntnnsrripl in the Sorichjs 
rot tertian. 

"J'his manuscript is a combination of six treatises 
on different branches of Arabic learning in one work. 
When it is ntad in the usual manner it deals with the 
iiiris])riidence of the Zaidi sect of Islam, but when 
a page is read from top to bottom, which is divided 
into five columns in red ink, each column <leals with 
five branches of Arabic learning, vix., (2) Prosody 
and Rhyme, (I) Syntax, (3) Ftyuiology, (4) Logic, and 
(.“)) the correct pronun(Matir)n and the various read- 
ings of the text of the (iuran. The aiitlmr of the 
work is Shihab ad-l)iii Ahmed bin 'Abdallah as- 
Sallami and it was composed in A. 11. 1115 (A. I). 
1703). No other copy of this work is known. 

2. M. Hidayat Hosain. —/I/ hiographiral 
works in the Society's Library, 


This collection of books deals with the biogra- 
phies of companions of the Prophet, commentators 
of the (liir'jin, poets, writei*s, traditionists and saints 
of the rshimic world. Tt consists of about 7 1 works, 
of which some comprise sevenil volumes. 

3. Uhintaharan Chaknivarti.— 7V/c Society's 
rot led ion of Manuscripts of the Tantrasara in Son- 
Ihngati Scripts. 

Though there are niimeroiis Sanskrit works of a 
comparatively earlier ag(* possessing a general in- 
terest and enjoying an all-fiidia impiilarity, the pro- 
vinces in (‘comparatively later years dcvelop(*d pro- 
vincial literatures of n‘gional and limited inteivst, 
little known beyond their t(‘rritorial boiilers. A 
special signific^i nee thiireforo attaches to t lie find of 
manuscripts of works of one provinee in places 
b(‘yoncl its limits and specially in scripts not in 
use theridn. 

The Society's collection, made [irincipally in 
Bengal, (?ontaiiis mamiscripls in tiaj Heiigali script 
of a good number of works (‘oiiipostsl in oth(‘r parts 
of the ('onntry. Manuscripts of works, produced in 
Bengal, copi(‘d in non- Ikaiga I i scripts, however, figure 
wry poorly in this colh>(‘fion f hough such maun 
.scripts are known to exist in ditVerent parts <»f 
the country. 

l^he Secief.y’s colleefion of maiiiiscripts (»f the 
Tantrasdrn of Krsnananda is spirially int<‘rest.ing 
in this respect. It is a sixt(‘cnth century work on 
Tanfra-ritiials very popular in Bengal. But tin* 
Society's manuscripts of the work an? almost all in 
non-Bengali scripts. The two complete manuscripts 
(175.5,11288) arc in the Newari script. There are 
also two manuscripts in the Na'gari scri [it (1035.5, 
11170) containing only extraerts. l\>rtions of tin? 
work are found in a mutilated form, with o(‘casion:il 
omission intervening, in two manuscripts one (11201) 
in Nagari and the other in N(?wari (1 13.5-1), as also in 
a Bengali miinuscrii)t(50l.5)-- the only one in Bengali 
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clinract(T-wlier« tlie or(lt*r of tlio t(»pics is dirtemit 
from that in the Tanfntstini, It is not known if 
the last three iiianuseripts beloiiir to works based on 
tlie work of KrsnHuaiida lik(' Ibiiiiiiiiaiida's iSnimjruhu 
of wliieli there is a iiiaiinseript in the Soeiety (II. A. 
<18), <H)iiip]ete in ten eliapters. It is also possible 
that the Tattfrasiint aloii^ with other works Uarowed 
from the same soiir«'e wliieh, t»r rather fra^rnK.tits of 
wiii(;h, ean be traced in th(;s(‘ niiimiscripts as well as 
in works like the SyOmdrahn.syu^ sections of whitdi 
(e.f/., Sftntsu(lhftnii) closely agree witli similar sections 
of the Taftlrastini. 

Indian Chemical Society 

An ordinary gfaieral meeting of the India (1i(‘iiii> 
cal Society was held on Thursday, the 4th of March 
1937, at o p. ni. ill the Chemistry Lecture Theatre, 
University (Vdlegc* of Science, (^dciitta, with 
Prof. J. N. Miikherjee in the chair. 

I. The billowing gentlemen were admitted as 
Fellows on having paid their first subscriptions. 

(I) 1). G. Walawalkar, M. Sc. Ciwiipore, (2) M. A 
Safioor. M. Sc , Calcutta, (.)) Jir.P. Hasii, J). Sc., Calcutta, 
(4) Dr. 1*. B. Sarkar, i). Sc., Calcutta. 

IT, 'riie following gentlemen having been duly 
proposed wei‘e ehu'ted as Kelhiws by ballot. Dr. 
Siidhainoy (iho.se and Itev. Kather J. Van Neste, 
S. J., acting as scrutators. 

(1) A. Kaiiial, Calcutta. {2) R. C*. Chalterjee, M. Sc., 
Darjetiling. (,D Charle.s 11. Shirtcliffe, I.shupore. (4) S. .\. 
Qureslii, B. Sc., Peshawar. (5) Nareiidra Cliaudra Deb, 
M. Sc., Sylliet. (ti) Aree Supol, B. Sc., Bangkok, Siam. 
{7) llciiicmlra Pros.ul Saniaiila, M. Sc., Jamshedpur. 
(«) D.: P. Chalterjee, M. Se., llowiah (‘i) Dr. R. K. Dult. 
Roy, Dr. liig., Calcutta. (10) Si.sir Kumar C.uha, M. Sc, 
Patna. (II) Muiiir-iul-Diii, M. Sc., J.ahote. (12) Dr llaihaiis 
Lai ITppal, M. .Sc., Ph. I)., Lahore. (1.1) Dr. Rattan Chaml 
IIooii, M Sc., Pli. I)., Lahore. (11) Dr Iv McKenzie Taylor, 
M.U. K, Ph. D., D.Sc. P. I. C, Lahore. (IS) Sauipurau Das 
Mahaut, M. Sc., l/ihore. (Ki) Narcmlra Nath Chopr^^ 


M. Sc., Lahore. (17) Dr. Krishna Gopal Mathur, D. Sc., 
1*. I. C., Lahore. (18) Miilk Raj Veriiia, M. Sc., Lahore 
(P>) Dr. V. Siihrnhmaiiiaii, M. Sc., Pli. D., P, 1. C., Lahore. 
(20) M. Abdul Jlamiil, M Sc., Bomiiay. (21) Maiiohar Lai 
Bliaiidari, M. Sc., Lahore. (22) Dr. jogcmlra Chandra 
Bardhan, D. Sc., Calcutta. (23) Jogeiidra Nath Clulkravarti, 
M. Sc., Dacca. 

III. The eliairmnii annoiiiieed that, the leetiire 
as notified previmi.sly emild not be deliveri'd as 
Prof. P. Neogi had to leave (/aleiitta suddenly. 


An ordinary general meeting of the Tndinn 
(3imnienl S(*<*iety, was hehl on April 23, 1937, at 
op.m. in the Uhemistry J^c'etiire Theatre, University 
Uolh^ge of Seiein'e, 92, Upper Uirenlar Koad, 

Cah*iitta, with Prof. J. \. .Miikh(‘rj<'e in the ehair. 

I. The folli»wing gtMitlmiieii were ndmitted as 
Felhiws after luiving paid thi‘ir lirst snbseriptions. 

(t) A. Kaiiial, M. Sc. Calcutta. (2) Si.sir Kumar (hiha. 
M. Sc., Patna. (3) N. N. Chopra, M. .Sc, Lahore. (4) 
Aree Supol, B. Sc., Bangkok, Siam. (5) Dr. R. K. Dutt-Koy, 
Dr. Ill g., Calcutta. (C) S. A. Oiireslii, B. Sc., Peshaw'ar. 
(7) R. (i. Chatterjcc, M. Sc. Darjeeling. (8) 1). P. Chatter- 
jee, M. Sc., Howrah. ('») Dr J. C. Bardhnii, D. Sc., 

Caleutla. (10) (5. N. Baiierjce, B. Sc., Bombay. (11) 
M. Abdul Hamid, M. Sc., Bombay. (12) Narciidra Chandra 
Deb, .M. Sc., Sylhct. (13) Dr R. C. Hooii, M. Sc. Pli. D, 
Lahore. 

II. The following genthaneii wore elected by 

ballot a.s Kellow.s, Dr. S. P. Kayehaiidhnrl and Dr. 
D. ('hakravarti aeting as .senitators. 

(I) Coiislant \V. P. Van iler Meydcn, Cawtiporc. (2) 
Prof. Andre (Vinirdeil, Lausanne, .Switzerland. (3) 

Simlliii Bliusaii Cfh sh, Calcutta. (-1) Dr. S. V. Auaiita'> 
kri.shiian, M. A., Ph. I)., A. 1. C., Caleutta. (5) Bibhuti 
Blnisaii Cliaudhiiii, M. Se., Kirkee. (»•) Dr Tarajiada 
Baneijee, 1). Sc, Dacca. 

III. Dr. S. P. liayehaiidhnri pIi.h., i>..se., A.l.c.. 
th’livered a h'etiire on “The iiatnr(‘ of laterile and 
lati'i-itie .soil*' in the meeting. Dr. J. N. Miikherjee, 
Dr. S. Uhosli, Mr. S. Mnkln*rjee and .sev<*i*al others 
joined the di.seiission. 
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Diffrcidioii of Electrons cincilogous to Dcbyc- 
Scliccircr X-ruy Diffruction 

Attempts have heiMi made to ilitFrarl electnins by iiiitnitt; 
crystals orkMit.Ml at random in a manner analoj^oiis lu 
Ocbye-Schenrer jxiwilor method. I'or this ])nr|mse, a very 
fill • copper wire is iiseil as the Jillractinjr material which 
evidently consists of numerous minute crystals {irranj>ed at 
rand nil. Hut unlike the X-ray methoil, the main ditiiculiy 
of the experiment lies in the f.ict ih^l as the wire is exposed 
to the beam of electrons, a black coatinyr is at once formed 
on the surface of the wire. The j^eiieral seattcriii)' from 
the tarnished surfaee is very stiOM;^' at a small aiij'le and 
consequently, the central portion of th • photoj^rapliic plate 
Kets intensely blackened. The ^in;.»^, tliercf re, appear very 
we.ik oil the blackened backf^rouiid. Moreover the ex- 
posure for diffraction Ctinnol be increased because of this 
blackeniiiK t'ffect fr m Ihi' surface coating. 

Another point to be noticed is iliat, w.tli the liif{ ly 
polished wire as it is obtaiiie<l from the market, tliffractioii 
rings are not obtained at all. 

By using a fine copper wire of <l«anieler 0 1*>3 iiiiii. 
with its surface slightly scratclud with a sand paper, we 
have observed only two faint rings which are identified to 
be reflected from the 1 and 4 in j lane faces. The p s.sible 
rings from 111, 200, and 220 planes do not appear on the 
plate. This may be explained as due to the fact that these 
rings fall on the region covered by niiiorpboiis .scattering 
which is rather very str tig. The measiiiement of the dia- 
meter of the central blackening coiifirin.s this idea. 

The diameters of the two rings have been can fully 
measured. Since 

A siiiO _ 

'2fi 1 + 

where the indatiu is liave their usual significance. It 
iSillO 

follows that will be constant f<»r 

I /r +1, - +1- 

the different rings for a constant voltage in the lube. Tl;** 
following table shows the correctness of the above ex- 
pression. 


Ring 

diameter 

Sill 6 

Indices 
of planes 

h. k, 1, 

A .siiiO 

'la ' \/ir \ 

1st ring 

2'42 cm. 

1 

0 0 JO I 

311 

0 0091 

2nd ring 

1 

2 80 cm. 1 

00355 

400 

oooss 


Ill this particular case, ?. is calculated to be equal to 
0*0711x10 * cm. and A comes out to be O'dlO.?, taking 

2tt 

o 

i (from X-ray data) as the value of a for copper. This 

s'nO 

valueisa lillle higher than that calculated fi om "'T',", 

^ h I ] i 


as show'll above. This slight discrepancy may be altii- 
biited to the error in the iiieasuremciil of the diameter of 
the faint rings. 


Khaira I^aboratori' of Physic.s, 

Ibiivcrsily College i.f Science, S. Cliatidhuri. 

Cah'iitta. 

0.5 37 . 


The rtllotropes of Sulpluir — ti Study by the 
X-ray Diffraction Mctliod 

In the previous letters the results t)f X ray analysis 
of sc*veral w'clikuowii modilicalioiis of sulphur were repot letl. 
Ill the present letter we* wish to reecjnl some iiilerestiiig 
facts noticed during the progre.ss of the I.'iter iiivesligatioii.s. 







\ ' ■ 

V\ 



I'ig. 1. White Sulphur. 

Sulphur to plate distance, cm. 

(o) White Sulphur (Vig. 1). 

We have found, eontrary to the prevalent iilea based on 
physico chemical aiinlysi.s, that white sulphur prepared b\ 
the hydroly.sis of sulphur moiiochloride (2S,C1,-f-2H,0- 
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4IICl-"|-»SOt + 3S) is distinctly crystalliiip and produces a very 
sharp and well-defined diffraction pattern. But the peculi- 
arity is that the pattern hears no similarity to those shown 
by (i-stilphur, the crystalline iiiodiiication hitherto known 
as the only variety stable at the ordinarv tciiipcraturc. 




‘ 



• ! 






Fij;. 2. Rhoinhic or ^-Siilphiir 
at (room lempcialuie). r-^\ *•«»'» cm. 

Further, it is interestinj* to note that a c«>mplele ehanj*e 
of its striicUiie may by effected by heatinj; it at H.S*t for 
30 hours The linj; ‘'.vsleiii in thi.s ease indicates an u- 
sulphur structure. Both of these two types of white 
sulphur are itistduble in carbon disulphide. 

(ft) llanlcned jdasti sul])hHr ; — 

Sulphur in this .state i.s almost t«itally iiisclublc in caibon 
disiilphiile, but as reported previou.sly», U is found to 
possess a erystallin-.- structure exactly .similar to that of 
ordinary ihonihic sulphur or o_siilphiir. This strucluie is 
retained by it, unlike white siilpbiir, even after a prolonged 
heatiiiK for more than 18 hours at But this heat 

irealnicnt remlcied it eoniidetcly soluble iii CS, and IiikIiIv 
friable. 

No satisfactory exi>lanation luis yet been suirt;**s^ted by 
anvboily rP({iir.liiiK the sdluhilitj- an.) the insoliil>ilily <>« 
sulpliur. h'nrther investiKations, here in proKress, are 
.supposed to elucidate the point. 

(c) Effects of heat on a-snlpbur : — 

(i) Asteri.sni (iMg. .1). 

To observe these effects, the sample under examination 
was maintained. throuKhout the wliole period ot expi«nre. 
at the desired temperature hy an cleeliic lieatcr. Practical- 
ly no change in the diffraclioii pattern could he iletccleil at 
temperatures up to TV C. Above 8(t«C, the sharpness of 
he rings is marred by the appearance of radial lines 


intersecting; the rin^rs orthojroiially. This phenomenon, 
“usterisin” as it is called, is observed in the pliotoj^raphs 
taken with metal foils where the cry.stals are straineil by the 
proctsss of rollinj;. 

Now ill the case of an cnantioinorphic crystalline 
substance like sulpliur, we may very well imagine that near 
about the transition point, the process of structural tran.s- 
foriiiatinti which consists in re-orienl:ilioii of the various 
crystal planes may itself form sufficient iiiechanieal strain 
];iviii|; lisc to asterism. 

The traiisiticm point fif Sfi S/; hsis been located 

by the chemists near ahoiil Hut we think that the 

traiisforinalioii !>tari.s at about .Sh°L', uluMi we first notice 
the sterism. .^n elcviitioii of tiMtipiM.-itiire areclerales tlie 

velocity of transformation Su and that at 

d.S*C it is sufficient for detection bv p lysieo-eheiiiicnl 

Accoidini* to the above iflea about ill • or;i.;iii of asterisiii, 
one should expect more proiiiiiieiit asterisiii effects when 
sulphur is kept at hij^her tcmperiitui es, for a greater teiideii- 
ev for traiisfonnatioii at hi;;hcr tem|iera!iiieH iiieniis n 
stioiij*c*r foita* prodiiciii*; the stiaiii. .\nd that is what we 
have really cihserved al»ove loO‘’C (PI. 101 sulpliur at ll>l®C). 

(li) (arowlh of si/.e of tin* crystals (1‘i^;. 1), 

If the same sample of sulphur be kept at a temperature 
of afioiil S0*C or above, the liilliai'tion ]):itlerii taken iliiriii); 
the first twelve hours of heating primarily shows the 
asteri.sni tdrccl ns its only peculiarity and e.\eept for this, the 



Fijr. .Vsterisui. 
Sulphur at l())*t: |lst. Sla^rrl. 
y=l-'.)3 cm 


general appearance of the pattern is pre.served. But the 
photoKraphs taken after twelve hours or later show in 
nsterisin a laiK<^ nuinher of Inleiise dots ariaii)'cd on the 
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rin(|[S. The dots become more iiiimeroiis and the rinf(S less 
intense, as the time of heating proj;rosses. IJlthnately, 
there can hardly be found any riiif;. but only dots arranged 
apparently at ramloiit. (I'ij;. A Sulphur nt 104*C. Period 
of heatinf^ exreedinf^ 10 hours). This \vc as 'ribe to the 
combined cflect of the iiiechaiiical strain and the growth 



Fij'. 4. Sulphur at 101*C. Period of 
hcatiiijr excoedinjr 40 hours, 
cm. 


of size of the crystals. Lately we have had some other 
evidences for the ^rrowth of sulphur crystals in the .solid 
state. The detection of a monoclinir pattern is also rendered 
impf).s.sible by these two cffect.s. Recently we have been 
able to obtain the tlitfractioii rings due to sulphur in the 
liquid state ai dilTercnl temperatures. Iti each case only 
two broad rings have been noticed. 

The results will be publi.shed in detail elsewhere. 


mer of anhydro.jff-glucose {.e. C,H, «0*(-C, 11^,0, —H,0). 
These glucose residue units are linked up by covalent 
bonds to form the cellulose chain (fig. 1 ), 



Khaim Laboratory of ]Miy.sics, 

University College of Science, S. R. Das. 

92, Upper Circular Road, K. Ray. 

Calcutta. 

22.4.37. 

1. Das, SciKNCi; & CiJi.TUKK, /, 784, l*>3b. 

2. Dtis & Kay, Scikncic & Cur.TURic» S, 108, 193b. 


X-ray Rnalysis of the Structure of Jute Fibres 

An extensive chemical analysis carried out by Dr T. K. 
Chaudhuri and his collaborators has established that the 
chief constituents of the jute Hbres are cellulose and 
lignin'. Chemically, cellulose is now held to be a poly- 


Fig 1. 


In the present invc.stigRtioii .several well-shaped jute 
fibres were sorted out, cut off into suitable sizes and 
re-arranged with llieir fibre axes parallel to each other. 
Two different photographs on plane photographic plates 
have been obtained with fibres arranged in the above 
fa.shion : one with fibre-axes perpendicular and the other 
with the fibre axes parallel to the incident K-ray beam. 

As Fig. 2 illustrates, the radiograph in the first 
case is similar to a rotation photograph of a simple crystal 
rotated about one of its zone axes. In the present case 
it ina y therefore be concluded from the very appearance 
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of the photograph that the axes of the jute flhres coin- 
cide with one of the xonc-axes of the crystal units Imihl- 
ing up the fibres. As a large iiiitiiber of fibres with all 
possible azimuthal orientations relative to the fibre axes 
were used, n rotation pattern has been possible, without 
rotating the fibres at all. 



b‘ig. 2. 

Measurements ami c?alciilatioiis of a preliminary nature 
indicate that the interval at which the pattern is repeated 

along the fibre axes is about 10‘20A. This value agrees with 
the length of the b-axes of natural cellulose, ns determined 
by I’olanyi* ami otht?rs‘,^. They have identified the sp.ice 
group to be Cj,P2i and fouml out the cell to have tt-K.3, 
6=10.3, = and 

The welbtlefined character of the hyperbolic layer- 
lines in the ]ireseiit case indicates tlmt the arrangement 
of patterns is fairly regular over a large nuinber of units 
ill the directi<»n of the fibre axis, whereas the spreading 
out <»f the s])ots show that the st» ncturc is not s<» (lawless 
in directions iierpendieiilar to it. 

The railiograph obtained with the fibres placed with 
their axes parallel to the X-r.ay beam, exhibits a ring 
system n*sembliiig a jiowder pattern. 

The results of the eomplete and svsleiiifitie struelnral 
analy.sis will shortly be ]>ub1islied. 

Kliaira I.aboratnry of Physies, 

University College Science, 

02, Upper circular Roail, S. R. Das. 

Calcutta. 

IS. 5, ^7. 

1. Jute fibre — 1*. B. Sarkar, Sc. &. CnI. /, SOS, I OSS. 

2. M. Polanyi — Afaturieiss., 9 , 2SS, 1021. 

3. II. Mark and K. II. Meycr-;f.f. Phy8. Chem, B, 

^,115, 1020. 

4. W. T. Astbury ami T. C. Marwick, Nature, U7, 

. 12, 1931. 


Raman Effect in Boric Reid and Bora tes 

In continuation of our w'ork on Rattiaii effect in inorga- 
nic compounds, very recently, we investigated tbc Raman 
effect in boric acid n .solution and a few liorates using the 
usual orthodox experimeiitul arraiigemeiit. In the ca«e of 
the saturated .solution of the neiiU we observed the follow- 
ing three frcc|ueiicie.s, namely 51. S, 872, Cm-*, whereas in 

the en.so of the dilute stilutiou* we observeil the frequencies 
710, 872, ‘MW ami 1340 Cm *. In the case of the .sodhiih 
borate (solid) we found the fret|ueiiries 714, ‘)l 1 Cm 

Presniiiably it might be iissiiiiicd that the molecules of 
boric acid ami the borate ion have a plane triangular con- 
figuration with .symmetry 1),;, ami that the frciiuencies 
515,872.086 he nttiibiited to the molecule BfOIl), and 
710, OOO and 1340 to the ion BO,. 

It might he nieiiiioiied hiM'e in ])assing that .*^eti and Sen 
(ftipta* ami vSen* attributed the fieqiieiicies 715, 000 and 
1333 to BO, ion ami it75. Sf)0, m'K) to B (OH), on the .strength 
of their infra-red sibsorptioii d-.ita. The agreement seems 
to be fairly good except in the rnsi- of the «iO.S Cm**. 

Further work is in progress aud the details will be 
published in due eonrse. 

Phy.sics baboratorv, 

Dacca University, S. M. Mitra. 

2. 5. 37 

1. \nd,J. rinj., u, i.v;. 

2. Ind. J. Phij., W, 0 , PK7. 

* A little Kl was added to remove the contitiuouB 
radiations. 


Qicniothcrtipailie Siiidics on Siilplidnikimicies 

The reei‘iil i>bsiTv itioii* i>n the capability :i simple 
cnmponnd like p-atiiinobcii/eiu»{u1|dioii:imiile (sulphatii- 
lnm'di‘) ill rendeiiiig llie blood fintise])tie to liaeniolvtic 
.strep* ocoi'ci when adininist.Tcd by the iiioiilh, has arou.sed 
a great interest «m the problem nf elieiiiotlier.'ipy of any 
baeteri.sl iofeelion. Tlie ;u-tioii i>f aeiiflavitie or similar 
other antiseptic is purelv diieet and loeal, whereas the 
action of this new <lriig i.s being fonml to be a quite 
different one. .Most probably it is tlie first time that a 
drug has been found lo possess :t specifn- bai-tericiflnl 
activity even when introdm-e«l into a bodv ina the ali- 
mentary Iraet. 1‘uithei, the deimm.stratioii* of the thera- 
peutic activity of roil azo dye "Proiifosil Si>liib1e’' and 
orange a/.o dye "Keil l*ronlosi|*’ as being due to the reiliic- 
tion of the above coiiipoiinds to siilplinnilaniide itself in 
the system, points to a particular specificity of ilie ilritg. 
Unfortunately, liowoxer, it Is not absolutely non-toxic as it 
often profinces sulphnemoglobiiiaeinia* and consequently 
would be more dangerous if prescribed to anaemic patients. 
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Accordingly, it would now be not out of interest, if an 
attempt be iiiacle for the preparation of similar other sul- 
phanilamides. 

So far, pacetYlsuiiiiiobeu/.eiiesulplionylcliloride had 
been reaeted with such aiuinn-coinpoiindK which are again 
known to possess either antiseptic, analgesic <ir a local 
anaesthetic action aiul the resulting reaction ])roducts had 
been hydrolysed by dilute hydrochloric aciil to the corres- 
ponding iltM-ivatives of the tyj>e, Nllt’Ce SOi* NHR, 
where R==Co H4. CO, Kt (p), C, (p) aiul an ac- 

ridine nucleus. 1 11 the reaction between the above sulpho- 
nyl chloride and d-dict]iyIaiiiiiio-!iutylaiuine, the com- 
pound, p auiinohLMi/eiie sulphoii - ( d~ ilietliylaiiiinobutyl ) 
-amide, was, however, ilirectly obtained as its liydroclii(»ride. 
This .salt is readily .soluble in water aiul easily ('rystallizcs 
nut from boiling .'dcoliol in shining needles, 111. p. 172**. 

Work for finding out the protective action of the above 
compounds against slieplococcal infection on mice is in 
prog ess. 

Research Laboratory, 

Hengal Iniiiiunity, A. K. Choudhury. 

Barnagorc Calcntt i. U. Basil. 

In. 4, .57 

1. Buttle, (tray and Stephenson, Lancet, i, 1286, 19.50. 

2. Fuller, Lancet, i, I'M, 1*^57 *, Trc’fouel, Nitti and 
Bovet, C. It. Sue. Biol. Paris, IW, 7.56, 1935. 

3. Oiscoiiihe, Lancet, i, 626, i‘>37 ; e.f., Colebrook and 
Kenny, Lancet, i, 1279, 1930; pViulis and Barr, Br t. 
Med Jour., \, 415, 1937. 


Chcinotherupcutii’ Studies in the Rz-tetru hydro 
Quinoline iSeries. Port II. Tetrtihydro ucridinc 
I)eriviitives us Mntiiiiulciriuls 

The (liliydrochloride of 2-chlo'o 5 (ni diethyl amino 
isoaiiiyl) amino 7-niclho\y acridine (I) belter known as 



- NH.CHMe.CHi.CH^.CHiN(Et )2 

(I ) 

‘Atebrin’, has a powerful action on all a.scxiial forms of the 
malarial parasites. It is w’ell tolerated by childien and 


pregnant women and finds a considerable application in 
cases of black water fever. But being a dye, it stains the 
skin of the patient yellow and often gives rise to certain 
toxic .syinptoiiis. Recently*, a good deal of attention has 
been given for the syntheses of various other acridine 
derivatives of the above type, having particularly a dialky- 
lamino alkyl amino side chain in position 5. It insy he 
here assumed that in a reduced acridine derivative of the 
type (II) n compound may be found where this cliarac- 



NH.(CH2)’vNEt5 

( II ) 

teristie dyeing properly would l)0 .'ibsent and which may 
be more safely Midministcrefl as nMliictir>n is generally be- 
lieved to iliinini.sh the tt>xicity of a cotiiponnd. OF course, 
very little is known up till now about the ph siological 
activity of any hydrateil aeridliie derivative : still, however, 
a .study of the abovi' nature would at least afford an in- 
teresting analogy with the corresponding reduced com- 
pounds from ()niiiolines and pyridines. 



Cl 

( III ) 


Aceonlinglv, several .S ehloro-l : 2; 3 : 1 tetisihydio acri- 
dines (1 11) have been piepari'il bv leading the telrahydio 
acridfiin's .syiithc.si/.ed .lecordiiig to the metho 1 id Sen ami 
Basil’, with a iiixtnn* of plmsphurns oxy and pentachlorides. 
These chloro comvioiinds reailily read witli dialkyla- 
miiioalkyl amines to give rise to the eomponiids of the 
type (II), Tims, for example, ethyl eyclolvexaiione 2-ciir 
boxylalc and p-ani.siiline gave 7-metlioxy-1 : 2 : .1 : 4-telra- 
hydro acridiine, ni. p. 295*, whieh on treatment with jihos- 
phorus chlorides yieldeil 5-cliloro-r-metlioxy- 1 : 2:3: 4: 
tetrahydro acridine, in p. 122®. The chloro compound on 
heating with diethylaniino propyl amine was converted 
to a viscous ma.ss from which the dihydrocliloridc of 7-mc- 
thoxy .5 (dielhylainiiio propyl) ainino-1 : 2 : 3 : 4 tetrahydro 
acridine, m. p. 228-229® was ea.sily isolated. Similarly, di- 
ethylainiiso butyl amine gave with the above eldoro com- 
pound the dihydrochloiidc of 7-nicthoxy-5 (diethylaiirno 
butyl) amino-l : 2: 3 : 4 tetrahydro acridine, m. p. 19.5-194®. 
All the hydrocliloridc.s thus obtained, arc found to be 
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almost colourless bitter substances. They ore liiKhly soluble 
in water but oaii be easily crystalli/.eil fr<un a mixture (1:1) 
of alcohol and ether. 

The other characteristics i»f the coinjioiiiidN arc bciii}> 
studied and the details of the paper would be published 
elsewhere. 

Research Lal)oral«»ry, S. J. H.iSKiipla. 

Beiif^nl JiiiTiiiinity. Kartia;r<,rc, I*. Basu. 

Calcutta. 

1.5.37 


1. .Maj^'idson and lirijrorovski, /frr., tiU. 3a»i, 537. 

2. Sen and Hasu, Indian Chem. See. 7, 4.v5. l‘»UL 


Synthesis in the Seliiicne (innip 

By the oxidative dcj^raibation of //-seliiictic Scimiilcr^ 
isfdated a tricarboxylic acid C, ,H| ni. p. 1S.S“, whicli 
wa.s correctly represenlc<l as (I) by Kii/icka aiul 



CH2 

COiH 


ITelimiiiary CNperiiiients carrictl out with Ih** i>j<*cl of 
]>reparinK this acid synthetic.'dly are iu)w reconlcd 

/f Metliyl'/i-woliexylRlutaric .icid* uas first ioiivcrt»‘d 
into tlie anb>dnde, b.p. 15r®/1tn. m. ; Ibis was then re- 
diiccd with sfHliiini and alcohol ti) the related lactime. b.p. 
n 5*/ 7 111. 111. which was tran.sfonned into ethyl /binetlix 1- 
/;-i*«licxybrVbroim» valor.Ue.b .p. 1 10*/1 m. in. throu^rh the 
aot^nev of ]>hosphoriis peiilabroiiiide. Ihe broiiio-estei 


MP 



b.p. iri)*/.S ni. in. which on reduction with sodium ainalji;aiii 
••ave the corro.s]v»ndin^; hydroxy. e.ster, b.p. irs*/4 in. lit. 
The related hydroxy-diearbowlic aciil on succe.s.sive tre.il- 
nicnl with liyilrobroiiiic-.'icetic acid and zinc dust j^ave 
the iiilcrestiiijtf ilicarboxylic acid (11). as a ;>iiiiiiii. Thi.s 
siibsl.'iiu-r coidil not be rc.solvcd into pure stcreo-i.somcrs 
anil on oxidalitiii with chtoinic acid fiirni.slied a triba.sic 
:u*id (jnirilicd lhroM.i.;b the Irictlivl ester), whicli could 
not be obtained in a solid slate even when left in an evacua- 
ted dwiccatof for l.s nioiiih''. 

Th€‘ uork is bein)L» exlenilcd to the .-ippiopiiate "'-alkoxy- 
a'k^l methyl ketones in oiiler to prepare the solid tricar- 
hoxylir acid and its hijihcr hmiioloj'uc. The lesiilts will 
he pnhlisheii elsewhere. 

riiiversiiy Collej^e of Science. J. C. Haidliaii. 

Scottish Cliiircli Collci^c, S. K. Ihinerji. 

Calcutta. 

10. .5. 37. 

1. if!, MM), Di i. 

2. Ilttli'. ('him. Acta., H, .SP>, 

S, < iiiare-schi. <ht:ielta, VK i, 121, 

I. Wind. ms und .\ciikiichi ri, lit r, .'5.', (I»)i I'M.. I'M'*. 


Ib'cliiiiiiuiry llxpcrimcnls on the Syiithc.sis of 
Wickiiui’s Triairlxi.xylic C'l Jly, »()•*, 

The sMithcsis of the inonocydie tiicarhoxylie acid, 
isolated bv Wiehnd and his coworkers' still 
remains to he aceoinpli.shed. lM>r some time jiasl we have 
been <‘nde;ivourin,i» to devise a suitable inelliod for the 
.sxnihesis of this inijiortanl acid aiuI in continuation of 
the work recm.leil in the precediiyv; coiniminicalion we 
have made certain ])rc]iininary experiments with a view 
to svnlhesize the ilicarboxylic acid(I), since it is In he 


R 

I 


r CH 




I 


Me 


R 


■i: 


- .CH. CM. 


( 1 ) 


readily reiu tecl witli lUivI s.Mlioiii.iloniit<- t'”’ '’*■ 

peeled tricarlioxylir ester, l..p. I’lSV * S..d.n,.,- 

eondensatioii of the latter yielded the eh.-ketoesler, 


rxpceteil that this iiidd on oxidation with eliroiiiic acitl 
accoriliiiK to Ihe well-knowii niethoil of Wiinlaus and 
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his coM’orkers* should ftive the tricarboxylic acid or 
a stereo-isonier. 

6-Methyl*2-iodo-hcplaiie* readily condensed with ethyl 
soflio-aceto-acetate ethyl 1>acetyh2 :0-diiiiethyl 

heptane- l-carlioxylate, b.p. 1 13*/*) in. in. The sodio-deri- 
vative of the latter on di/restion with ethyl broiiioacet«ate 
furnished ethyl 2-acetyl-3 :r-di»nctliyl octane-1 : 2-dicar- 
boxylatc. b,M, 1b5-(i7*/1 in. in, which on hydroly.sis in the 
usual way Rave a kctonic acid. The latter on esterification 
formed ethyl 2-acetyl-3 :7-diiuclhyl octane -l-carboxy late, 
b p. l30-32*/4 111 . m. 

Kthyl 1-acctyl-2 : O-diniethylhept.inc-1-carboxylate dc.s- 
cribed almve on caiidensation with ethyl pfitassio-cyaiio- 
acetate R.ive the iiii.satiirateil-cyanot^ter, b.p. 1R5*/7 in. in. 
which .smoothly added the elements of hydroRen cyanide 
with the formation of the saturatcd-dicyaiioester, b.p. 
205*/7 m. 111 . The latter i.s also fornii*d in a ]}oorcr yield 
when the cyanohydrin of the .substituted /f-ketoester is 
allowed to react with ethyl s<)'lio-cyanoacelatc, 

The.se experiments arc bciiiR actively pursued in onler 
to obtain the dicarboxylic acid (I) ainl its near relatives. 
In this connection we desire to record oiir best thanks to 
Sir P. C. Ray and Prof. P, C. Mitter for their keen interest 
in this work. 

University ColleRc of Scieiic 

92, Upper Circular Roa I, J. C. Ilardhaii. 

Calcutta. N. C. (rangtili. 

10. 5. 37. 

1. Z, Physiol Chem. W, 27(>. P)24 : ibid,, 216, 0|, p>33 

2. Z, Physiol Chem,, 117, Hr,, l‘)21, 

3. Clarke, Amer. Chem* Jour,, ,11, 113, l'»0’l 

On the Discovery of Petroleum ncur Dcindot, 
jhekim District, Punjab 

111 November 1035, III & IV Year t'.eoIoRy .stiidiMits of 
the Indian School of Mines had an oxcunsion to tlio Kan^ra 


area and the Punjab Salt Range. We could also include 
therein n short visit to the Khaiir oil-field. Mr Gee of the 
(ycological Survey of India w'as kind enough to suggest to 
us the geologic dly important localities to be visited in the 
Salt Range ; and Mr Kvans of the Burma Oil Co. kindly 
.sent his assistant Mr W. B. Metre, one of our cx-studenls, 
to .show us the important geological sections in the western 
portion of the Range. Wc arc greatly indebted to Messrs 
Gee and Kvaiis for their kind help. 

During one of the excursions tw’o outcrops of gray 
incditiin-grained s.*iDdatoncs smelling strongly of petroleum 
were discovered in the Dandot gorge, near Khewra Salt 
Minc.s, Punjab. One of the outcrops was so much impreg- 
nated with oil that it looked from a distance like carbona- 
ceous sandstone. The percentage of oil in this sandstone, 
as kindly determined by Prof, h'orrester of this Institution, 
is O.-S. The two outcrops of oil-bearing sandstone occur 
in the main g(»rge due south of Dandot at a point about i 
mile S.S.W. of the hill marked 1.3'10 on the 1‘'=1 mile 
lopogr.npliical .sheet No. 43 D/M (Jheliim and Shalipur 
Districts). Petroleum was not reported before from tliis 
])art of the .Salt Range. And although the iire.senl find 
might not lie of any immediate coiniiiercial importance it 
is undonbteclly an intere.stiiig clue which might eventually 
lead the great geologists of the oil companies to the 
discovery of large pools of oil in this part of the Punjab. 
The di.seoverv of ibis oil-.sbow has been re])orted to the 
Director of the Geological Survey of India and to Mr P. 
Kvans, the .senior Geologist in India of Messrs Biirina Oil 
Co. Mr Kvnns li.ns .since visited the place. 

A geological section of Dandot gorge near Khewra 
where this oi'i-sbrov has been diseoveied is given below ; 
incidentally, it affords a gooil illustration of over-folding 
(Sec Fig. next page). 


Indian Sehool of Mine.s, S. N. Ray. 

Dlianbad. S. K. Roy. 

b) 1^7 N. D. Sharina. 
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Physics and Mathematics 


Trends in Modern Physics 

111 liis prcsidentinl addre.-s to Section A (Matlic- 
iiialical and Physical Sciences), Prof. Allan 
PerRii.soii, after referring to the losses snlTered 
by physical science in the deaths of Sir John 
McLennan, Sir R. ('ila/.cbrook, Sir J. Pelavel and 
Prof. Karl Pearson, yives a brief survey of 
the change in outlook follo\vinj.j upon the 
development of physical science in the 
twentieth century. 

The attitude of the physicists to the funda- 
mentals of science, diiriii*^ the past century, 
was naively realistic. Hvolution and develop- 
ment of mechanics on Newton's lims, the 
successful extrapolation of laws fioverninn 
motion of macroscopic bodies down to bodies 
of atomic tlimeiisions, and the wave theory of 
lijiht which seemed successfully to explain the 
mechanism by which radiation is conveyed : 
the.se arc in short the achieveineiits of scientists 
of the last j'cncration. 

The discovery of electron and of radio- 
activity and investigations on the energy dis- 
tribution in the spectrum, reveahMl the weak- 
ne.ss of the classical theory. The disharmony 
between cla.ssical theory and experimental facts 
was .solved by Planck during the closing years 
of the last century by introdneino <piantnni 
notions which successfully explained the jiholo- 
electric ellect and the si»ectruni of the Ilohr 
atom. With further development of ipiantnm 
theory, however, there resulted a dualism of 
outlook, now emphasi/.iiij' the wave aspect and 
now the i)article aspect of matter and of radia- 
tion, which dilliculty is now disapiJcariiiii by 
the later developments of wave inechanic.s. 

Within recent years nuclear bombardment 
has resulted in the discovery of the neutron 
and iiositron, and to maintain the validity of 
the conservation laws to all nuclear transhunia- 
tious, the neutrino, posscssiuj* no char*^e and a 


ne}.ili.eible mass, has also been introduced. The 
other remarkable discovery in this line is that 
of artificial radioactivity. 

The worhl picture of t«)-day has been tran.s- 
fornied most by the introduction of the un- 
certainly princli)le and its efl’ect on the doctrine 
of causality. Planck has attempted to save the 
princii)le of causality reinarkiiiK^ that it can be 
retained in the hapi»eninj4S of the conceptual 
world, the relation between events in the 
lierceptual and conceptual worlds beinj* subject 
to a slif^ht inaccuracy. Dealiim with percep- 
tual problems from the ])oint of view of 
(piaiitnin ])hysics is rather (liHicult and the 
world has not so many ])oints of re.semblaiice 
to the perceptual world as had the older 
schemes, as the wave functions, etc., are not .so 
easily interpreted in terms of the world of sense. 
Ihit the philosophical problem of the transfer 
is the same and whatever the form of the 
picture, the physicist of to-ilay remains «)n firm 
j^ronnd if he »loes not confuse the concept— the 
world picture with the perceiit ; if he studies 
the (juestion of the n-ality underlyinji pheno- 
mena as a philosopher ratluT than as a jihysicist 
and if he really discards outward models. 

Powerful wea])ons for j^ood and for evil have 
been placed in the hands of the comniunity as 
a direct result of the .growth of scientific know- 
ledge and the scientist cannot remain forj^etful 
of the ell'ects of his activities on the well-beinj*' 
of the commnnity of which he himself is a 
responsible member. He must educate himself 
and his less fortunate brethren in a knowledy^e 
of the implications and the social repercu.ssions 
of his work, whether these repercussions be 
eugenic or dys^enic. A modest be^iiminj* has 
been made and it is hoped that with increasing: 
knowlcd^^e j^reater elucidation will be made of 
the ('oinjilex and difficult siudal problems aris- 
inj* out of the rapid developments of the last 
••eneration. 



Chemistry 


Chemists and the Service of the 
Community 

-Piof. .1. C. Philip 

At tlu‘ iiiectiii;^ of llic* British Association 
for til** Advancciiieiit of Science held at lilnck- 
pool this year, ITof. J. C. Idiilij), t>, a. k., i>. sc., 
RK.s., IVesideiit of Section 15 (Chemistry) 
j)aid }*;reat emphasis on the need for the commu- 
nity and the State to realize the ini])ortance of 
the manifold services rendered hy chemists to 
the modern society. In tlie i)romotion of natural 
knowledj^e, in the nnderstandiiijLi of the world 
around ns, in the ])nrsuit 'of new learniii,t;, 
and in the cultivation (d iii<|iiiry, chemistry 
is in the forefront. It lias revealed to man 
the molecular architecture of many of the 
most comi)lex of natural prodncLs, ami has 
rendered possible the syntheses of a host 
of snj^ars, alkaloids, orlhocyanins and other 
])hint i>ij*ments and even of some of tho.se 
fascinating*] V inlcrestin,i» std)stanccs (lie vita- 
mins and till* sex Jioniiones. A study of the 
behaviour of colloids and enzymes has led to a 
very si^fiiificiiut i)ro.u;ress in *>ur knowletl^e 
of the phy.sico-chemical ehaip^es in the living 
organism. Another key to the .secrets of 
nature has been i^rovided by a study of the 
])henoniena of cataly.si.s. In all these and 
many other relateil fields the rich liarvest 
of iliscoverics made by chemists has not <»nlv 
increased man’s kiiowledj^e of .Nature hut has 
benefited the commnnily in a very j^eiierous 
measure. The lay critic may talk of the 
jar^^oii’ used hy chemists and of ilu ir appar- 
ently iistdess activities, hut one may cite the 
discoveries of alnmininm, of lun.Ljsten, of 
acetylene and similar substances to show that 
the chemical curiosities of to-day may he of the 
widest and most iiiiporlaiit industrial u.se of 
tomorrow. 

Ill recent times a iii.*cd has been felt of 
Vlirecled’ research, /. r., research with a definite 
object, yv;, the discovery of .a particnhij* 


type of dye or dniji, the means of purifyinj*- 
or .softeiiiiifi water for industrial or hnnian 
ii.se, the iireveiition of waste or iniiirovenient 
in an industrial operation, the isolation of 
a vitamin or the inannfactiirc of rustless 
steel. A j^reat measure of success has crowii- 
e<l many of these orj^aiiized attempts. iJnt 
it must he emiiliasiz.ed that such .success depeiid- 
e<l mainly oil an extension of pusani kiiow- 
led.iic in these fields ratlier than on new dis- 
coveries alone, h'or Innately, most industries in 
advaiicc<l countries now realize tin* potential 
value of research and are employing the services 
of trained chemists in increasiiij^ iinmhers. 

'Phe State in (treat Hrilain is also lakiiiH a 
more and more j)r()miiieiit i)art in fostering these 
research activities and imnuiisely useful or- 
j»anizatioiis have come into existence. Of these 
the l)ci)artment of vScieiitilic and Industrial 
Research has done very valuable work in con- 
iK'Ction with rnhln r, paints, colonraiid varnishes, 
sn.i»ar and confeetionarv, non-ferroiis metals 
;ind other j>rohlems. 'J'lu* Chemical Research 
lyabor.itorv at 'reddini»lon has studie<l the 
jirohlems of synthetic rc*sins, low tempera- 
ture tars, lii.eh pressure reactions, metal 
e«>irosion, chemotheraiiy, etc. The Hnildiii^ 
Research Station is eiiijaj^ed in delerminin.i: 
the weatheriii” quality of stone and other 
materials. The Water Pollution Research 
l>oar<l is elVectively tacklinjf the jirohlem 
of the disposal of sewage and trade efilneiits. 
Chemists have alsti nsirfnlly co-operated with 
the State in solviiij* the cancer problem and 
the problem of smoke abatement. 

Prof. Pliilii) has justly pointed out ihealisnr- 
dity of coiiiiectinj.' the activity of chemists only 
with iiharmacenticals and ex])lo.sives and em- 
phasized that it is the weakness and backward- 
iics.s of the hnnian spirit which is responsible 
for the i>erverse uses (o which chemical dis- 
coveries have been put. The modern chemists, 
however, increasing^ly feel that they should band 
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themselves tc)j»etlier aj^niiist such a prostitution 
of their science aiul such a debasinfj of our hcri- 
lajfc of intellectual and spiritual values. 

The ‘chemical profession’, which should 
now take its rightful place beside the lueilical 
and the enj^iiieeriii.i; professions sluuild now 
stand as <uie man for the ei>unuon interest 
of chemists as a whole. ‘Serviui* the commu- 
nity’ has been for them not men ly a sloi^an 
l)Ul has constanlly been an ideal which ihev 
have amply lived ui^ to. If the pirdessioii 
has not so far united it has been due rather 
to the diversity of the spheres of work ancl 
interests, than to the absence of any need for 
such concerted action. 

There are now in (treat Ihitaiu about 1 
trained chemists most of whom are members 
of either the Chemical Society, the Iiislitiite <if 
Chemistry, or of the .Society of Chemical 
Industry. 'Pile first of the.se bodies is also the 
oldest (established in isH) and has notably 
achieved its object ol publication of new know- 
led^e in pure chemistry, and the i)uildin^ ii]) of 
a comprehensive library. The Institute was 
established about oO years a^o, is a powerful 
jirofessioiial orj^aiii/atioii, and has a iiiember- 
ship now wliich connotes .Milhcieiit i^uan.iitee 
of profe.ssioiial competence. Tlu* Society of 
Chemical Industry (estnhli.slie<l in 18 S|) aims 
at the ]>romoliou of a])plied chemistry, besides 
these main bodies there are many .smaller 
orj»aiii/.ation.s concerned more or le.ss with 
chemistry the Iho-chemical Societv, tlu* 
Hritish Association of Chemists, the b'aradav 
Society, the Institute of brewing, tlu* Institu- 
tion of Chemical ]i)uj^iiieers, and the Society 
of Public Analysts. 

A notable consolidation of tbe Science and 
of the i^rofe.ssion of chemistry has been elfecled 
within the last 2 years by the formation of the 
Chemical Council which has comhii»ed the 
chartered or<»anizatioiis already mentioned as 
well as the Association of Ihitish Chemical 
Manufactures. This body lias been set up for 
7 years in the first place, but i.s sure to be 
continued and is now seeking; to consolidate 
and unify the chemical profession by acquiriiij*: 


ade<piate central i>remi.ses and kee]iiii}? a 
comidete register of trained chemists. I'or 
such registration the tpiali lications on.eht to be 
a broad, general education for character, culture, 
ami citizenship, accuracy in observation and 
statement, nnderstandin« of lo.t»ical rea.sonin*’, 
intere.*^t and delij^ht in the natural world, the 
ai)])reciali()n of scientific «liseovery and its 
meaiiiii” for human life. Prof. Philij) deplores 
the lack of l)alauce in tiie school curricula in 
which mt)re emphasis .should be laid on bioloj^y 
aiul on tbe ('lermaii lau.eua.14e than on speciali.sl 
work ill any subject, r. 7. jdiysic.s, clieniistry, 
or mathematics. 

After jiassiiie tbe liilermeiliate Science 
staee, the trainiiie: of a student of clieniistry 
slionhl be on bro.id fundamental liiu*s rather 
than on narrow specialization for specific 
chemical occupations f)r to the e.xcessive 
study of some academic aspect of the subject. 
'Phis would i>reveut any weakness in tbe 
erasp of fitiidamciital.s which shouhl always 
receive emphasi.s, however desirable may be 
ail acipiaiulance with iiewir kuowledj^e and 
newer ideas, for some of these may have 
only epliemeral interest. 

It should not be impossible to devise a 
sclienu* of trainiiif^' in schools and universities 
wlierebv .some vocational traiiiiu<» may be brr^ad- 
Iv basecl im :i fjiuiulat ion of scii ntifie kuowled;4e, 
where a kiiowleil.i^i* of fiiiidaiiieiital principles 
i.s coupled with practical competence, craftsman- 
ship, and lecliniiine, and where proper inipor- 
taiiee is j^iven to acenrale ipiantitati ve analysis. 
Proper emphasis shouhl also he .i^iveii to two 
study of subsidiary subjects in an honours 
coiirse and a with* ehoiei* should he olVere*! 
in tlu’.se subjects. I'or luakiuj^ a j»raduale a 
mature memher of the prole.ssioii it is desir- 
able that 111* should hi'^^iii his further e.xperi- 
eiici* outside the university under actual 
iiidustiial cr>nditions as soon as ]iossible. 
P'or other «»railuates a post-graduate couise 
of further stiid.y and research of one or two 
yi-ars' standing* in the university should 
Jiave the way for more intensive work in 
some special fields, spe<*ially for those with 
a distinct orij^inality and with ambition to 
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extend the bounds of knowlcd^4C. h'or others 
the post-j^rfiduate ])criod may be profitably 
spCMit 111 acciuirlii^ special kiiowledj'e, in sonic 
particular field, e. (/. in bio-cheniistry, a^fricul- 
tnral chemistry, metallurjiy, the chemistry of 
food and drills, etc. A lar}>e number of opeii- 


inir.s are now available for clieinists and a 
hi«lier level of trainiiij;y and competence should 
be aimed at. Hut the hif*hc.st object for chemists 
ill any country should be the wise use and dis- 
tribution of the natural and synthetic products 
which science has put at our disposal. 


Geology 


Palaeontology and Humanity 

— Prof. II. I.. 

I*al;eonlolo«»y «ives no direct evidence as to 
the ()rip:iu of groups, of whatever taxonomic 
}»radc ; its scope is limited to records of the later 
slaijes in the careers of yronjis already in 
existence. Tliis is not to deny that the pre- 
sumptive evidence for the birth of new types 
is overwlielmiiij»ly stronj» ; but actual tanj»ible 
proof of their pareiilaii'e and )*eiieratioii is 
lackini*'. A ])al;eontolo«ist is more of an under- 
taker than a midwife. 

A^aiii, fo.ssil evidence cannot j»ive convinc- 
iiijj demonstration of the orij^iii of structures in 
orj^anisms; its scoiie is restricted to observation 
of the fate of those stniclnres after they have 
appeared. There must always be a theoretical 
(piality in attempted ex])laiiations of the 
development of new characters; there arc facts 
recordinjf what happens to them in course of 
time. 

The only laiij»iia«fe which adequately ex- 
pre.sscs the nature of morplioj^eiiy is that u.sed 
in description of individual life. Structure.s, 
once orij»inated, pass through stages of 
develoimieiit, .modification and amplification 
that are closely aiialoi*()US to the phases of 
personal history, both physical and psycho- 
lo«:ical. There is a continuous duplicity, in 
that intrinsic characters are involved with 
external requirements ; eiiviroiiment is edu- 


cative but not creative. There is a limit to 
the respcuise to environment possililc for any 
struclnre ; if that limit is exceeded, disaster 
results. Ivvery cliaracler of an orj^anism, like 
every complete creature, is more responsive 
to environmental influence in its early history 
than latter. Directions of (hrveloimient induced 
or eiiconraj^ed by environment hecfuiie gradu- 
ally iiij>rained ; just as ]>ractices oft rejiealed 
become ineradicable habits. In contrast with 
modern municipal tendencies, trolley-buses an* 
transmuted to trams. 

The several characters of an orjuaiiism are 
at once indLq>eiideiit and inseparable; each can 
follow its own line of d(‘Vi*l()pmeiit, but unless a 
balance is kej>t within the whole series, collapse 
is certain. Just as tlilTereiit }»roui>s of organism 
show very different evolutionary s])eed, so the 
various stniclnres in a siiij^Ie or«»aiiism become 
modified at varyiiij^ rates. The attainment of 
mature perfection from a staj^e of immaturity 
can never be more than a transient phase on 
the way to a fresh dis])ro])orlion comparable 
with senility. 

Structure.s, and with them the organisms to 
which they beloiij^, ;»row old, e.xhaiisted or 
hypertrophied by their own intrinsic expen- 
diture of evolutional ‘effort’ amid an cver- 
fluctuatiiiK embarrassment of circumstance. 

We come to the conclusion that the oracular 
recommendation to know ourselves is a jjuide 
to the .secret of evolution. Physically and (in 



I 5 1 


the litiinan case) psychoIojLji rally we live oiir 
lives as compromises between hereilitary 
tendencies and environmenlal requirements. 
As we j»row older oiir accumulated load of 
coinproiiiise becomes an obsession, rcducinjj onr 
capacity for furtlier elTorts of the kind ; and 
our environment never tires in its cliaiij*eful- 
ness. 

If \vc consider these priiicijiles in the lij*ht 
of the strujfjjle for existence, wo find that those 
types which can attain the most perfect 
harmony with their eiivironnient will flourish 
proportionately. Hut their success brings 
Nemesis in its train ; for speedy evolutif)n 
towards dominance implies continuous speed : 
the perfection point is jiassed by the same 
momentum that reached it. rndoiibtedly the 
victor in the striij*«le for existence wins the 
prize : but the prize is death. 

When we attenq^t to apply to human aflairs 
the principles of evolution as shown in i>aheon- 
toloi^y, many dilflculties appear. Not the least 
of the.se is the impossibility of a dispassionate 
outlook; we arc proverbially unable to see 
ourselves as others .sec us. Another serious 
difficulty arises from the shortness oi the time 
during which our species has existed, and the 
paucity of reliable evidence that it has left 
of its history. 

The ment.T.1 powers of man are those that 
place him in a catej^ory a])art from other 
creatures. Ry the exercise of his wits he can 
find compen.sation for structural .sliortconiinj»s, 
and challenge, defeat, and control all other 
living; things. With the helj) of the machines 
that he inveiit.s, he can project him.sclf succe.ss- 
fully beyond the normal ran^e of terrestrial 
animals, transportin« his body and his habit 
over the .sea and tlironj^li the air. lie can, 
within fairly wide limit.s, overcome the in- 
fluence of environment. 

With no intent to belittle the meclianical 
achievements that have brought man to bis 
commanding po-sition, we must admit that few 
of them can be claimed as original. They are 
copies, often improved editions, of devices Ibat 
already existed in the animal creation, coupled 


u itli applications of natural forces that areas 
old as the world. Man’s capacity for generali- 
zation has 1 ‘iiabled him to foresee the ell’ecls of 
his inventions, ami so to reduce the time that 
would othi-rwise have been si)ent on the costly 
metliod of trial and error. He can transmit 
bis experiences to liis own and following 
generations, so i)reventing (for those who listen) 
a wasteful rei)etition of inistake.s. 'i'lie speed 
with which he has beaten all other creatures at 
their several games is commensurate with the 
<legree of his sticcess. Haradoxically he has 
become sni>remelv generalized by the exerci.se 
of a bigbly specialized faculty. 

'riiis aii.'ilysis leads to ;i .soniewliat e<ini vo- 
cal result. On the one band, the high cerebral 
specialization that makes ]»ossil)le all these de- 
velopments, and the extraordinary rate at which 
success has been ;ittaine<l, both point to the 
conclusion that this is a species clestiiied to ;i 
sjurtacular rise and an eqn.ally specl.acular fall, 
more complete and rapid than the world has 
yet seen. On the other hand, the wide range 
of tlirectioiis into which the specialization ex- 
tiMids, and the measure of control over environ- 
ment that it enlail.s, seem to suggest a peculiar 
kind of plasticity that might ]>ass for gem*ra- 
li/alion, with the consetpn iit hope of a long 
time-range. In this nncerlaiiity we must lock 
for such f.'iets as are availabh*, facts of history 
which are at least com parable with the record 
of i>aheontoh>gy. Hut first we must estimate 
the relative value of the evidence alTonled by 
liniiian history. 

At the outset we must .admit that the basis 
of onr analysis of mankind will be on a diflereut 
]>lane from that which we employ in the (?ase 
of other organisms. Mor])hological and i>liysio- 
logic.al char.acters change so slowly that wc 
cannot expect to find much alteration during 
onr brief career; and in any case there is 
iwactically no evi»lence of that sort available. 
Hut if the conclusions already reached as to 
the universality of the law of evolution are 
accepted, it matters not a whit which particular 
attribute of an organism we .select for study. 
Hebavionr is but an expression of the reaction 
between the (tualities of an organism and its 
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environment, and civilization is a kind of 
bc'havionr. 'I'liis arKUincnt is not so specious 
as it may appear, for the evidence available 
to check its validity is ample. 

The outstandiiiK physical pcculi.'irity of the 
human species is its uprijfht posture, a feature 
to which many of its botlily structures arc f.ar 
from completely adapted. In spite of its 
relatively larKe size, the human body cannot 
be claimed as exceptionally cap.ible. A mati 
stripped of the inslruiiients of his devisuiK, 
left to compete on c<iuat terms with the other 
occupants of his re.stricted environment, would 
stand no better chance than they. It is true 
that he could perform most of the actions 
expected of land anim.ils, but none of them 
superlatively well. Were he compelled to rely 
on his bodilv characters alone, there would be 
little more reason to sin«U' him out for speend 
consideration than there would be the capacity 
to do so. 

l-'ossils and historical documents alike «ivc 
but a fraction of an account of the matters of 
which they treat. In both ea.ses the story of 
the early slattcs of racial projiress is imiicrfect 
and often mytlu.lofiieal ; the epi.sodes of decline 
and fall are more fully documented. lUit, in 
contrast to paheontolonical eviileiice, human 
accounts are always suspect. Written records 
of events represent an impression m.'i<le on one 
or at best a few minds ; they may, indeed they 
must, be tainted with prejudice and iKiiorancc 

even' when they are not deliberately falsified. 
The impious rebellion of one writer is the 
glorious revolution of another. Whatever may 
he the criticisms levelle.l at the transcnber.s 
of Natural History, no doubts can be cast on 
the c.ssential truth of the recor.l they try 
to interpret. 

Aj?ain, the hulk of hunicin history is the re- 
cord of the perroriiiance of a few actors on a 
specially selected stase ; paheontology, with 
all its imperfectioii.s, gives a jiictnre of events 
in fairer proportion. The jiai ts of linmati his- 
tory usually recorded represent the activities 
of man the intensified animal rather than of 
man the half-fledged angel. The behaviour 
pf the animal is the more ration.al, and so 


easier to rcmcniher and describe. But from 
very early times another factor has entered in- 
to human affairs a factor illoj^^ical and way- 
ward, but every bit as real to a man .as his 
animal qualitie.s. This factor, which we may 
call ‘altruistic,’ m.akes human actions often un- 
intelligible. 

Xeverllieless, man leaves other traces of 
bis activities besides written screeds, and many 
of these records are as revealing. »aiid as un- 
intentional, as the .shell of a mollusc. By piec- 
inj^ toj;ether arclueolo^ical iiiaterial.s, and fit- 
ting documentary accounts into the plan of 
this mosaic, a conception of hninaii history 
can be j^aiiied that conies within measurable 
distance of scientific evidence. 

It would be wearisome to reiterate the 
various features wherein the history of human 
affairs coiTes])ond.s with the conr.se of evolu- 
tion in other groups. Whether we consider 
individual lives, dynasties or empires, the same 
dopressiiiji’ story applies. Some races, once 
dominant in their particular sidiere, have dis- 
ai)peared entirely ; others, fallen from hi«h 
estate, linger in inj,,dori()iis decay. But all of 
those brave civilizations and empires of which 
we have records seem to have sliowu a suc- 
cession of similar histories. They have risen 
from o]).scnrity tlironj^h i)osscssion of success- 
ful attributes, and have reached the peak of 
their power only to ])ass it. .Some have rotted 
away »iuietly, others liave fallen before the 
on.sel of less rotten stocks or pebaps of extra- 
linman disaster. Many of the early empires 
were on so small a scale that their rise and 
fall had merely local effect ; others have been 
more comi^rcheiisive, and their dis.solntioii has 
.s])rcad havoc over wide areas of the world. 

Until comparatively recently, there h.as been 
a persistent i>roportion of ‘backward’ typc.s, 
nnalfccted by the civilizin« influence of the 
proj|re.ssive powers. These have remained as 
a <piiet baekj^round to the transient pyro- 
technics of the others. They remained to pro- 
vide a new upstart when the current one had 
cra.shed. To-day there are few races of this 
kind left ; almost all of inankiiid has eiicouii- 
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tered civilization and citluT perished or been 
transniuted. The fatal comidexity of civiliza- 
tion grips the whole species, cnehiiig it into 
unity. 

The si)ecific causes of the collapse of once 
dominant races are doubtless varied ; but there 
is general agrcciueiil that one univeisal factor 
in disintegration is complexity, an aspect of 
over-specialization. The units of an eniiiire, 
be they individuals or factions, tend to work 
together in harmony during the i)eriod of up- 
ward struggle ; but when a position of domi- 
nance is won, they continue to struggle. When 
there are no new worlds to coiiqm r they begin 
to fight among tbem.selvees. Selfish aims re- 
place patriotic ones, and tlie community he- 
comes discordant. 

The correspondence hetween the .state t)f 
aflairs ami the morpliogenetic trends in other 


races of animals is so close that it needs no 
elahor.'ition. Those who deny that hiinian ins- 
titutions .are subject to the laws of organic evo- 
lution know either no history or no paheonto- 
logy. .Many proverbs give epigrammatic state- 
ments of the principles of evolution in imagi- 
native terms. 

‘Ill fares the land, to hastening ills a i>rey, 

Where wealth accimmlates and men decay.’ 

The history of extinct emi)ires, which should 
he studied as a cautionary tale, \'i cuniinoiily 
regarded as i>rovidi:ig an example to he 
followed. Human nature has the eiirious trait 
of gamhling against the laws of cause and 
eflect. We always ln>pe that the fate that 
hefcl onr predecessors will pass us ])y. llahy- 
loii, ICgypt, Koine, Spain all traversed the same 
track ; and to-day we follow in their foot- 
steps hoi)iiig It) reach .some din’ereiit goal. 


Zoology 


Natural Selection and Evolutionary 
Progress .1. s. iiiixir.v 

Hiology at the present time is embarking 
upon a phase of syntbesis after a jjeriod in 
which new discijilines were taken nj) in turn 
and worked out in com])arative isolation. 
Nowhere is this movement towards unifica- 
tion more likely to he fruitful than in the 
many-sided topic of evolution. With the re- 
orientation made po.ssible by luoderii genetics, 
evolution is seen to he a joint ]»roduct of 
mutation and selection. The two ])rt)ce.sses 
are coniplementary. 

According to modern conception, the notion 
of Mendeliaii characters has been entirely 
dropiied. Instead of a given gene having a 
constant effect, its actual effect is dependent 
upon the co-operative action of a nuiiiher of 
other genes. 


Involution need not occur by a .series of 
sharp siiigk- sti-ps ; each such step is iiiiiue- 
dialely .sufferetl liy ancillary cliauges in genes 
and geue-eombiuations. What evolves is the 
geiie-complex ; and it can do so in a series 
of small, if irregular, .steps so tiiiely graded 
as to constitiitu a continuous map. 

Dominance and reeessiveness are to be re- 
garded MS modifiable eharacters. Dominant 
geiie.s, or most of them, are not born dominant ; 
they have dominance Ibrnsl ni)on them. Mnla- 
tions liecoine doiniiiaiit or recessive, llirongli 
the action of other genes in the genc-c«niii»lex. 

There remains the dilTicnlty that most 
iiinlalions so far investigated are deleterioii.s. 
Mutations which are deleterious in what may 
be described as normal conditions may be- 
come advantageous either in an altered envi- 
ronment or in an altered genic background, 



aiul many mutations or Mcndcli/inj>: varia- 
tions cannot l)c described as intrinsically use- 
ful or liannful, but vary in their selective 
eflect with variation in environmental condi- 
tions. 

Whatever other processes may possibly be 
at work, selection is constantly operative. A 
dilTercnce in eiivironineiil may decide between 
two j>cnes with sharply contrast iiij* eflects ; 
(piantitalive diflerenccs in conditions may lead 
tocomi)lete reversal of ailvantajie between varie- 
ties ; the i>ene-coinplex may be selected so as 
to protect the species from the deleterious 
cHects of mutations, or so as to minimize 
tile ill effects of an otherwise advantageous 
mutant. In these and other ways natural 
selection ]u*oves itself to be a iiervadinj^, 
active aj^ency. 

It is loj»ically obviou.s that every existing 
species nnisl have oriji^inated from some pre- 
existing' species, lint it is e<iually clear on the 
basis of inodern re.search that it may do in 
one of several (piite different ways. Species- 
formation may be continuous and unilinear ; 
continuous and diveij»eiit, abrujit and conver- 
jjeiit ; or wlint we may call, reticulate, depen- 
dent on constant intercro.ssin.i* and recombi- 
nation between a number of liiie.s, and tlnis 
both convergent and divergent at onee. 

I'rom the standpoint of natural .selection 
si)ccics fall into two contrasted categories. 
On the one hand wc have those in which 
natural selection can have had nothin^r to do 
with the orij^in of basic, specific cliaracters, 
but merely acts niJOii the species as .i^iveii, 
in competition with its relative.s. These in- 
clude all species in which character-diver- 
j^cnce is abrupt and initial. On the other 
band we have those in which character modi- 
fication is i»radual. Here natural .selection 
may, and on botli deductive and iiiduetive 
grounds often must, play a part in i^rodnciii;*^ 
character of the species. This helps to hr in 
home the hetero<^eneity of the proces.ses which 
wc lump tojiclher as evolution. 

Coniinj^ to tlie jirohlem of adaptation, we 
can .say that botli structurally and functionally 


every or«anism is a bundle of adaptations, 
more or less efficient, co-ordinated in fjreatcr 
or Ic.ss dcKTce. Rnt bow has adaptation been 
brouKbt about ? All that natnrnl selection can 
ensure is survival. It docs not ensure projfre.ss 
or maxiiiuim advantage, or any other ideal 
.state of affairs. Most adaptations clearly in- 
volve many separate characters, and when we 
can study llicir actual evolution with the aid 
of fossils, we find that it is steadily progrc.ssive 
over tens of millions of years, and must there- 
fore have involved a large number of steps. 
The improbaliilily is therefore eiiormons that 
they can liave arisen without the operation 
of .some agency which can gradually acciuiiii- 
late and comhiiie a number of contributory 
changes : and natural selection is the only such 
agency that we know. Natural selection is all 
the time achieving its results by giving pro- 
bability to combinations wliieh would other- 
wise be in tlie highest degree inii)rol)able. 

The evidence that wc possess goes to show, 
first, that selection can be very efficacious in 
altering the mean of a population within the 
range of existing variability ; secondly, that 
a relaxation of selection will allow the tyi)e 
to deviate away from adaptive ])erfectioii, ipiile 
oiil.side the range of varia])ility to l)e found 
where .selection is more stringent, and, thirdly, 
that aila])tive chaniclers may advantage their 
possessors in such a way as to exert a selec- 
tion prc.ssiire in their favour, and that accord- 
ingly selection can Iiave a coiitinnons guiding 
effect towards adaptive perfection. 

It is hard to iiiiderstaiid why the trends 
.seen in adaptive radiation liave been adduced 
as i)roof of internally determined orthogenesis. 
Wherever they lead to improvement in the 
mechanical or neural basis for some particular 
mode of life, they will confer advantage on 
their ])o.sse.s.sors and will come under the in- 
fluence of .selection ; and the selection will 
continue to pu.sh the stock further and further 
along the line of development until a limit of 
perfection has been reached. Once a trend 
has begun, much greater changes will he nece.s- 
sary to switch the stock over to .some other 
mode of life than to improve the arrangements 



9 


for the existing mode of life ; and the further 
a specialized trend has i)roceeded, the deeper 
will be the groove in which it has thus entren- 
ched itself. Specialization, in so far a.s it is a 
product of naturi'd selection, automatically 
protects itself against the likeliliood of any 
change .save further change iu the .same 
direction. 

It isa common fallacy to think of natural selec- 
tion as first and foremost a direct struggle with 
adver.se weather, witli enemies or with elusive 
cpialitics of prey. The most important feature 
of the struggle for existence is the competition 
of members of the .same species hir the means 
of subsistence and for reiuoduction. In general 
intraspecific type of selection is more wider- 
spread than intersiiecific. 

It is another fallacy to imagine that because 
the major elimination of individuals occurs 
in one period of life, therefore selection cannot 
act with any intensity on the jiliase of mini- 
mum numbers. Selection, in fact, can and does 
operate equally cnfeclively at aiiv stage of the 
life-cycle. Haldane has slressetl that the results 
of selection at one period tif life-cycle may 
have repercussions on other periods and affect 
the species a.s a whole in nncxjiected wavs. 

The type and course of evolution may be 
altered according to the tyi>e of organism or of 
biological inachinery on which it has to work. 
Haldane has demonstrated tliat oidy in a society 
which practises reproductive si)ccialization.s, 
.so tliat most of the individuals are neuters, can 
very pronounced altruistic instincts he evolved, 
of a type, which ‘are valuable to society but 
shorten the lives of their individual ])os.sessors\ 
Thus, unless we drastically alter the ordering 
of our own reproduction, there is no hope of 
making the human species inucli more innately 
altfruistic than it is at present. 

It is a coniiiion fallacy that natural selection 
must always be for the good of the species or of 
life in general. In actual fact we find that intra- 
specific selection frequently leads to results 
which are mainly or wholly u.sele.ss to the 
species as a whole. Intraspecific selection may 
even lead to deleterious results. This is speci- 
ally true with intrasexual competition, between 


members of the same sex of the same si>ecies. 
Iiitrasiiecilic selection oii the whole is a biolo- 
gical evil. The elVecls of competition between 
adults of the same s|)i‘cies ])rol)al)ly ‘render the 
species as a whole less successful in coi)ing 
with its eiiviroiimeiit’. 

The conclusion is of far-reaching importance. 
It disposes of the notion that all man needs to 
do t*) achieve further progress! ve evolution is to 
adopt the most thorough-going eomi)elition. 
r»ut we now realize that the results of selection 
are by iio means necessarily ‘good’, from the 
])oint of view either of the species or of the 
progressive evolution of life. 'Pliey may be 
neutral, they m.ay be a dangerous balance of 
useful and harmful, or they may be ileiinitely 
deleterious. Xatural selection is efficient in its 
way-- at the risk of e.vtreme slowness and 
e.Nlreme cruelty. liotli .sj>ecialized and piogres- 
sive improvimieiils are men* by-products of 
its action, and are tin* exceptions ratlier lliaii 
the rule, b'or the statesman or ibe engenist to 
copy its nu'tbods is both foolisli and wicked. 

There has been a tnnid (luring evolution 
which can rightly be called progressive and has 
led to a rise in llie level of certain definable 
l)roj)erties of organisms. Tlie properties whose 
rise constitutes biological progress can be de- 
fined in the broadest terms as control over the 
eiiviioiiment and independence of it. One-sided 
ju'ogrc.ss is better called specialization. And 
the chief characteristics which analysis reveals 
as having contributed to tlie rise of dominant 
gioups are impiovemciils that are not one-sided 
but all-rouiul and basic, suc’a as temiJcrature 
regulation or placental reproduction. 

So much for the fact of luogress. What t)f 
its mechanism ? It will he clear that if iialural 
selection can account for adaptation and for 
long-range trends t»f specialization, it can ac- 
count for biological progress too ; for progres- 
sive changes ha\e obviously given their owners 
advantages. Sometimes it needed a climatic 
revolution to give the ])rogres.sive change full 
play, as at the end of the Cretacioiis with the 
mammal-re])tile differential of advantage : but 
when it came, the advantage had very large 
results wholesale extinction on the one hand. 



I 


1U 


wholesale radiation of new ty])es on the otlier. 
It seems to be a fi^eneral characteristic of evolu- 
tion that in each epoch a minority of stocks 
>»ive rise to the majority of the next phase, 
while, conversely, of the rest the majority be- 
come extinguished or are reduced in numbers. 

One somewhat curious fact emerges from a 
survey of evolutionary ])roj>ress. It could, 
apparently have ])iirsued no other course than 
that which it has historically followed. 

The final step taken in evolutionary progress 
to date i.s that to conceptual thoujilit. This 
could only arise in a moiiotoccus mammal of 
terrestrial habit, but arboreal for most of its 
mammalian aiici-stry. All other known ^fionps 
of animals are ruled out. Conceptual thoiif^ht 
is not merely found exclusively in man : it 
could not have been evolved on earth except 
ill man. 

Only aloiiy one single line is projfrcss and 
its future possibility beiiift continued — (he line 
of man. If man were wiped out, it is in the 
hiirhest <le«ree improbabh that the step to 
conceptual thought would a>*ain be taken, even 
by his nearest relatives. In the ten or twenty 
million years since his ancestral stock branched 
olT, these relatives have been forced into their 
own line of specialization, and have <iuite left 
behind them that more j^eiieralized staj»e from 
which a conscitms tliinkiii” creature could 
naturally develop. 

What of the future ? 

Conscious and conceptual thought is the 
latest step in life's progress. It i.s, in the 
perspective of evolution, a very recent one. 


Its main eflects are indubitably still to come. 
Man is not destined to break up into separate 
radiating- lines. I-'or the first time in evolution 
a new major step in biological proijrtjss will 
produce but a single species. We can also set 
obvious limits to the extension of his ratig^e. 
Thus the main part of any change in the 
biologically near future niiist be sought in the 
improvement of Jiis brain. 

After most of the major progressive steps 
taken by life in tlie past, the progressive stf»ck 
has found itself handicapped by characteristics 
develoj)ed in earlier plia.ses, and has been faced 
to modify or abandon these to realize the full 
l)o.ssihilitics of the new i)hase. The problem 
iniiiiediately po.ses it.self whether man's mus- 
cular power and urge to hunting ]>r()wess may 
not often lie a handicap to his new mode of 
control over environment, and whether some 
of his inherited impulses and his simpler 
irrational satisfactions may not stand in the 
way of higher values and fuller enjoyment. 
The evolutionary biologist is tempted to ask 
whether the aim should not be to let llie 
mammal die within u.s, so as more elTcc- 
tually to permit the man to live. 

If we wi.sh to work towards a ])urpose for 
the future of man, we must foriiiulate that 
puri)ose ourselves. Purjioses in life are made, 
not found. .And this human purpose can only 
be foniiiilated in terms of the new attributes 
achieved ev life in becoming hiiniaii. Progress 
i.s a major fact of j)ast evolution, but it is 
limited lo a few selected slocks. It may 
continue in the future, ])ut it is not inevitable; 
man must work and ])laii, if be i.s to achieve 
further progre.ss for liimself and so for life. 



Economics 


The Nature of Plantation 

Agriculture l»r II. Fay 

Plantations play an important part in tlu* 
export agriculture of Jiulia. Acconliny to the 
Royal Commission on A«rienltnre in Iiulia of 
1Q28, ‘The three main planters’ crops ;ire tea, 
coflee, and rubber, but suj^ar-cane is important 
in Pillar as are spices in the south of India. 
The area under indigo in Pillar, where it was 
the princijial i>lanters’ cro]i, is now nej*li<»ible. 
The total area under tea, coflee, rubber, and 
Indigo in was IJtiQ.Ood acres of which 

982,000 acres were in Pritish India.,. A little 
cincona is also «rown by the planters’. Of the 
total value of exports acciued from these crops, 
tea alone accounts for 7 ths which amounted to 
Rs. 29 crores in lOJO-l?/. 

The plantation has a history of its own. 
It w'as first created by the ICn^lisli overseas 
be>{iniiin$^ with t-lsUr and e.xleiubuii to 
America. Out-rivalled and disiuissessed in 
North America, kept out in our time from 
the policy of (^loverniiient fnmi the tribal 
economy of West Africa, the jiln liters found a 
new^ home in the Dutch West Indies. ludijj^o 
and .salt]>ctre are the two early imixirtant ex- 
ports in the economic history of India. The for- 
mer has been replaced by aniline dyes 
and the latter by Chile snltiietre. In a 
similar manner coITcc which was suiiplied 
to the Tuiro])ean market from South Iiulia, 
Ceylon, Java has now its centre of production 
in Pra/.il which supplies about U)^c of the 
world’s indiKO consumption and can easily 
supply the wdiole. On the other hand cincona 
and rubber plantations in the l\ast have 
ousted the wdld product of South America 
w'hich was their orij^inal habitat. Indian 
lac may also be mentioned in this connec- 
tion which has displaced the cochineal of 
Central America. Thus there has been an 


ajre-lon. 14 : rivalry of supply between Latin 
America anil 'Propical b'ast. 

Indisio as the name signifies has its origin 
in India but towards the close of the seven- 
teenth century the Iradt? was lost to Latin 
America to revive at the end of tlu* eij^bleeiitll 
century when a fresh ilemaiid for navy bine 
arose. The planters of the sevinteeiith cen- 
tury were the peasants themselves aiul the 
Dutch traders would buy these products in the 
town from Hindu or Mosh*m mercliant middle- 
men who would make atlvaiices against indigo 
s<mie months beforehand, binding the debtor 
pea.sants to sell to no one else. Towards ISOO 
the revival of iiidij^o was due to the 
ICnropenn jilaiiters in Penj.»al. They took 
the place of the liulian merchants and 
set ui» factories in areas of snpi»ly aiul 
mannfactiired the raw produce by improved 
maeliinery. They ware also as.sisted by 
llie IL'ist Iiulia Compaiiy which atlvanced 
larj^e sums of money to the iiuhistry, cn- 
conraj»ed its servants to take up iilaiitiii}; 
aiul relaxed in favour of the planters its iiiono- 
])oly of trade. .As the land was already in llie 
bands of the rvtit tliev could not own and 
ojicrale both factory and land. They made 
ailvances of money w hich .v»ave lliem a lien of 
the ryots’ cro]) at a lixetl price and reinforced 
llieir position as a ereilittir by acciiiirinj^- 
/eniiiuler rij^jlits over the cutivator. Thus the 
relation between the pea.saiit and the planter 
bec.niie that of perpetual debtor and creditor. 
The situation was a;»M**'ivaled when the jil.-in- 
ters havinj* formed an a.ssociation fixed the 
price of the crop which is much below' the cost 
of production. 'I'liis led to a grower’s strike 
and disorders and a subseipient a]>])ointment 
of a Royal Commission. Its reiiort in 1860 
sliows that the planters bail been guilty of 
seizures and rlctention of ryots. 

Hut tliroiij^bout the nineteen tb century the 
indiK;o planters owned some land and to that 
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extent tliey were true planters. This was 
called Nij-jr>li and the majority of it were on the 
land of new alluvial formation in iCastern 
Renv;al which was most suitable for indijjo. 
Ihit it was thouj'ht that it would he im])ossiblc 
for Nij cultivation to replace ryot cultivation, 
for ryots were already in i^ossession of «ood 
lands and the planters could not obtain comijact 
estates. Therefore, after IS60, the planter 
would make loans and would receive as com- 
pensation a sn])-lcnse of the ryot's holding over 
which he already had j^eiieral zeniinder rights. 
'I'lius at the close of the indigo iieriod a full 
plantation system with factory and field was 
adopted and in ISOO about half of the 2-40,000 
acres under iinlij^o in Hiliar were cultivated by 
the i)lanters. 

In order to see how a new induslr> mij^ht 
have evolvi'd under the tweutienth-century 
conditions we may turn our attention to tobacco. 
The task of the British American Tobacco 
Comi)any which handles about 10 million lbs 
of tobacco has been to introduce tobacco of the 
\'ir} 4 inia type? to Indian consumers and then to 
manufacture this kind of leaf in India itself 
under a protective tarifi'. Its problem was to 
secure adequate supiilies of leaves of the rij»ht 
type. So the Ctuiipaiiy in adilition to its fac- 
tories has a leaf development section who with 
the help of ex])ert botanists issue seeds to the 
ryots who ^row the new varieties of tobacco 
loo eaj^erly around (iiintur. Hut when the 
indigo i)lanters tried to improve their product 
by the issue of selected .seeds, the ryots relmsed 
to take it lest this would count as a money 
advance of the old type which would put them 
in permanent bondaj»c. 

Assam, South India, and Ceyhm supply most 
of the tea consumed by (ireat Hritain. Ceylon 
is naturally favoured both with climate aJid 
altitude for production of tea. It has two 
monsoons and rainfall is sufticient to i)romotc 
growth throui»hout the year. Assam has j^ot 
only one monsoon and bein« outside the 
tropics there is akso a cold winter when the 
plantations are closed down. South India has 
a shorter olT-season due to drouj»ht. The low 
coastal land of Ceylon is devoted to cocoanut 


plantation, middle land is devoted to rubber, 
cocoa, and tea, and the highland is exclusively 
monopolized by better quality of tea. Hut 
Ceylon has a small area and consequently hijfli 
price of land. In South India alon^ the 
Western (Wiats plantations are of recent growth 
and there is more room for expansion. Most 
tea estates have an adjoining tea factory and in 
this factory tea leaf is carried to its final 
processed form; when it arrives over-.seas, it only 
ret] u ires to be blended to be ready for con- 
sumption. On the other hand coffee and rubber 
estates, unlike lea, require very elementary 
factories for bringing their raw product to a 
half finish and thereafter they export their 
hnlf-i>rocessed stuff overseas for turning into a 
finished article. Tea industry has one advan- 
tage ill that it is a leaf and not a fruit and as 
such it is less susceptible to damage by pests 
and natural severities. 

The optininni size of a mature cstnle is 
generally given as 500 acres. With primitive 
roads and bullock-cart transport of leaves an 
estate with much over 5(H) acres is impracti- 
cable. Hut iiiecliaiiical transport and electrical 
operation may run a tea estate over 800 acres. 

There are four different types of plantation 
to-day. 

1. The i)roprietory planter. This type of 
plaiilalion scarcely exists. The man who is 
called planter is in fact a .salaried man. 

2. The small com])aiiies. The.sc are most 
repre.sentalive of idantalioii of Ceylon to-day. 
They have London shareholders and directors 
and their agents in Ceylon. 

.3. The large companies. Some of these 
companies in Ceylon have got other plantations, 
such as rubber, cocoanut in addition to tea. In 
prosperou.s days of about H)25 they declared 
a dividend of 60%. 

1. The consumer companies. These com- 
panies have organizations in fircat Hritain 
for disposal of their produce, both wholesale 
and retail. They operate estates from which 
lliey get a portion of their supplies. Lipton, 
Hrooke Hond, etc., belong to this class. 



hi Iayiii ;4 out tea estates where iun^^les 
abound rccniitmciit of labour must bo made 
from a distance. This may be called a sj^ecial 
case of mi} 4 ratiou. In the Darjeeling; area iniicli 
of the land is too bi>»h for the iilains jwojde and 
the labour is derived from the voluntary 
migration of the people from Nepal and 
Sikkim. Seventy years ago Assam was un- 
cultivated and nearly uninhabited. In the 
nineteenth century the planters had to adopt 
virtually a system of indeiilurod labour with 
severe penal contracts. They obtained their 
main labour from the primitive tribe.s, people 
of the Santal Parganas and Chota Nagpur, by 
methods which degenerated to slavery. The 
mode of recruitment was prohibited and propa- 
ganda and adverti.semeiit ])y the agencies were 
forbidden. The Royal Commission in 
recommended that a recruiting bo<ly repre.seii- 
ting Indian as well as liuropean planters 
should be allowed to oi)en recruiting depot.s 
and that no recruitment should be forwarded 
except through these dei)ots and that for 
the protection of these recruits a Protector 
of Immigrants with power to work inside 
Assam should be appointed. 

The i)n>bleiu of recruit iiieiit of labour iu 
South India is much I'asier. Labour, es]>eciallv 
from Malabar, comes tc^ the estate and returns 
to a nearby home once a year. 

In Ceylon, Tamils frtnii India mainly supplv 
the labour force of the estates. They have 
in the past paid i)eriodic visit.s to their old 
homes but the younger workers are coming 
to regard the estate where they work an<l 
perhai)S were born as their home. Here labour 
movement is strictly controlled and there are 
no abuses. 

In South India a male worker earns o to « 
annas a day for a definite task of digging, while 
a woman worker in the hot wi*ather when the 
crop is .short earns about 2 to ^ annas a day, 
but in the flush .sca.soii they earn i»erhaps a 
rupee. In Ceylon, the standard rates are: 
Man Ks 1 1 a month, wife Ks 0 and two children 
Rs I I a month and thus the iiic«>me of a whole 
family conies ti' Rs a inontli while monthlx 


expeii.ses of sneh a family for the main footl- 
.stufT may l)e calculated as Rs 20 a month. 

Both in South India and in Ceylon the 
estates provide excellent hospital facililie.s. 
They have to fight continually against malaria 
and hookworm. During eiiidiniiic the planters 
take charge of their own people ami the neigh- 
bouring village.s. In Ceylon, bousing the 
labourers lias been muchmore improved than 
before. 'I'lie lints are marie of cement with 
concrete walls with verandahs 6 ft wide. Ixacli 
room has its own cliiimiey and fire-place and 
is suflicient for or 4 people. 

(rcnerally, the growers of prinei]ial crop of 
:i country form an as.soeialion for looking into 
the interests common to theinselve.s. The 
planters of Ceylon have their Planter.s’ A.s.soeia- 
tion to which the members subscribe on acre- 
age b.asis. Over anil above they pay a miinber 
of exjrort taxes or cesses which in Ajiril 193h 
amounted to the following per 100 Ib.s. of tea. 
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In India in lO.V) the luodueers have decided by 
an informal agreement not to mannfaetnre 
more than of the estates’ basic croj) for 

sale in the domestic market. Ihit in Ceylon 
they do not take into account their domestic 
consumption. In both countries new planta- 
tions have been greatly restricted. 'I'ea restric- 
tion lias borne witli exceptional severity on 
the aclixities of some of the hjirojiean com- 
panies in South India. The planters of Ceylon 
first came into clo.se co ojieratioii for recruit- 
ment and regulation of labour ;iiid orgaiii/alioii 
of medical servic<s. P.ut afterwards they 
felt .a necessity for a tea researeli selieme wbicli 
xvas drawn up and financed by the tea industry 
and established by colonial ordinance. Research 



was first rcMiuirucl for expansion but now it is 
being: utilized for carrying: tliroiig:h restriction 
with least financial and technical dainag^e to 
different estates. 

The International Tea Agreement fixes for 
each country a standard outjmt. Jt is the task 
of each country to assign to its producers their 
individual share in the country’s quota. Thus 
in Ceylon each estate is given e.state coupons 
for a certain quantity of tea based on past 
])rod action. The coui)on indicates that its 
owner may export .so many lbs of tea and not 
.so much worth of tea. In fact there are small 
holders who sell their export rights and allow 
their holding to lie idle. The international 
authority is the International Tea Coininittce. 
It has so far worked satisfactorily. The report 


of 1034-35 calls attention to some steps which 
were taken to prevent tea smuggling across 
overland frontier of India. But the Committee 
apprehends decrease in consumption in near 
future and therefore has started propaganda for 
expansion of market. In 1933-34 the gross 
world -exports may be taken as 800 million lbs 
of which 520 million lbs came from India and 
Ceylon, the proportionate export being India 
3, Ceylon 2. In rubber again, the British 
Empire is leading though India and Ceylon 
subscribe but little. The United Kingdom 
with her Dominions consumed 540 million out 
of 800 millon lbs of tea in 1933-34, while the 
United States which is a non-producing 
country consumes much more rubber than the 
United Kingdom. 


Engineering 


The Engineer and the Nation 

— l*rol, \y, Oaiiip 

111 his jiresideiitial atldre.ss to the Engineer- 
ing Section of the British Association, Brofes.sor 
William Cramp discu.s.sctl the ])ositi<)!i of 
engineer in SJiciety and the various problems 
arising out of thi.s, which, to-day, confront botli 
the society and the engineering jirofession. He 
startled by pointing out tlie dilTereiice between 
jnire .science and engineering. Whereas pure 
scientists are concerned only witli the pur.suit 
of truth as free from worldly care and respon- 
sibility as a mediaeval monk, the function of 
the engineer is to .supply the co-ordinated 
knowledge of the pure scientist and the ex- 
perience of the ages to the satisfaction of 
human desire, and to the increa.se of the ameni- 
ties of life. He is the link between human 
experience and scientific knowledge, and, as 
such, he cannot perpetually live in a rarefied 
atmosiihcre of detachment. He must be in 


daily contact with humanity and learn to under- 
stand human psychology as well as human 
need.s. As a result, he is le.ss specialized, more 
balanced, more adajilable and understanding 
than his colleague in pure science. 

In the growth of our civilization engineer- 
ing has certainly made the largest contribution. 
Roads, canals, sliijis, aeroplane.s, teU'graphy, 
televi.siun etc. have all come from engineers. 
The natural elfect of the.se would be to unify 
humanity and foster friendline.ss among its 
dilferent sections. But unfortunately all the.se 
can be and arc frequently misused by polili- 
cian.s, scaremongers and interested parties for 
causing death and destruction. So, by a cruel 
irony of circumstances, engineering which out- 
cla.sses every religion for the i)romotion of 
])eace and understanding*, also has no equal for 
battle, murder and sudden death. 

To each nation and the world the activities 
of the engineer and the u.ses to which they are 
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put arc of supreme importance. It is therefore 
necessary that the nation should accord him 
a status which will be in kcepinj» with his 
importance. The doctor in every civilized 
country is held in liis^h esteem larj^ely because 
his ])atietits are dependent upon his honour and 
}>ood faith, as well as upon his knowledjfc and 
skill. He is in a position of trust as well as of 
responsibility, and his conduct is expected to be 
uiiafFected by the lure of private sain. On 
these a.ssumptions, the status accorded to him 
is deservedly hi>;h. It is nationally defined Ijy 
the (jcneral Medical Council and jealou.sly 
j»uarded by the Hritish Medical Associatit>n 
and the lej>al insurance societies. The protec- 
tion aflbrded him is j^reat. He may make 
technical blunders in diaj^iiosis or in treatment, 
involvinji even death, or he niav neglect panel 
patients; but neither patient nor relative dare 
move aj;rain.st him for fear of the profe.ssional 
organization of which he is now a ])art. On the 
other hand, except in extreme case.s, he knows 
that his colleaj>ues will view mercifully any 
untoward ‘accidents’ and his certificate of ileath 
will raredy be <|ue.stioned. 

Ill sad contrast with this stands the engi- 
neer. When he enters his iivofession after a 
Ioiik: period of traininjr, he has no status that 
is nationally recognized. He is held to be 
legally and financially responsible if he makes 
any mistake anywhere in applying his techni- 
cal knowledge and has no protection, legal or 
otherwise, from his profe.ssional organizatif)!! 
when he is attacked. As regards remuneration 
in public services al.so the engineer occupies an 
inferior position to the medical man. 

Besides the responsible work which he 
undertakes and the legal liabilities to which he 
is e,\ posed, the engineer is often the victim of 
certain charges laid against him by the preacher 
and the pres.s. He is accn.sed of being e«|ually 
willing to lend himself to works of utility and 
to works of destruction. The reply w<ml<l be 
that the engineer has a dual role. As a scien- 
tist he is not coiicernecl with the use or misuse 
of his inventions and discoverie.s, but he has a 
human and commercial side as well and in such 
matters is exactly on a |>ar with the rest of 


mankind. Again, the engineer is charged with 
.some responsibility for the existing economic 
chaos. ‘There should be a moratorium as 
reganls scientific research and development,’ 
said one. ‘The world would have been a better 
place if the internal combustion engine had not 
been iiiventeii,’ said another. ‘If it were not for 
the iminen.se increase (»f automatic machines 
and of lalM)ur-saving devices, we should not 
have the problem of unemployment,' says the 
iiress. True enough, we should not. But the 
invention of a machine does not comi>el the u.se 
thereof. Bet him who holds these views, return 
home, sera]) his lawn-mower and his wife’s 
.sewing-machine, ami engage gardeners to cut 
the grass with shears and seamslrc.ssi's to hem by 
hand the* hoii.seludd .slieet.s. To rid the world of 
machine needs a change of attitude towards 
occupation, and a love of monotonous work for 
its own sake. 

I'rom i>erson.s of a diametrically opjmsite 
point of view, comes the complain : “If our 
inventors were inon* fertile and our engineers 
more enterprising they could introduce new 
industries in the distre.s.sed area.s". Peojile 
who .say this have obviously no idea of the real 
state of alTair. The whole legal system in 
Kngland is framed in such a way as to thwart 
the inventor. It is no u.se taking a jiateiit 
becau.se defence against pirates is highly 
trouble.somc and expensive. Then again certain 
(ioverninent Departments and large firms leave 
the la.sk of adopting or rejecting a new idea in 
the hands of persons whose* opinion on the 
sii])jeel are worth nothing. 

This brief investigation of llie relations 
between the engineer ami the nation points to 
the necessity for certain reforms. Of these, the 
first is the provision of some body with stalu- 
lorv ])owers to define the «piali ficatioiis and 
status of those who may u.se the title Civil 
Kngineer, Mechanical bbigincer, bUectrical 
bjigincer, etc., to prevent nminalilied persons 
from jeopardizing life and clieck iinpro- 
fc.s.sional conduct. At i>r(*.sent, the three 
great Iiislitulions try to fnfil that role, 
and the liislilution of Consnlling bjigineers 
has also done its best. But as none of these 



bodies has staliilory powers, the rules that they 
frame cannot he enforced. Hy means of an 
organization that has ftrown up in one Reiiera- 
tion, the medical fraternity has i)ro}*rcssively 
improved the standard of (inalificalion, and has 
earned the nation’s gratitude by j^ettinj* rid of 
humhujjs, charlatans and quacks. The engineer 
asks for a .similar recognition and a like oppor- 
tunity. Ihit the medical profe.ssion and the Har 
have akso achieved a measure of immunity from 
liability for which the engineer does not a.sk ; 
believing that therein temptation may be lurk- 
iiifj amid the slime of self-interest. 

‘‘The second reform is the i)roi)er repre.senta- 
tion of science ui^on all {foverninj^ bodies in 
industry, and upon all technical departments in 
the state. Here I think this Association can 
<lo the nation a. service by pa.ssin}4 a re.solution 
askinj* for more aclecpiate rei)re.sentation on the 
Hoard of Admiralty and similar state bodie.s. 
I should like to sec a small Committee of this 
Section appoitited at this meetinj^ to explore 
the matter further. 

“A third reform, dependent to some extent 
upon the first and second, is .some machinery 
which in technical matters will ])revent the 
enj^ineer from bein« over-ruled by the com- 
mercial man. This is a very difficult subject ; 
but at least a l)ej»inninj» could be made with 
government and municii>al undertakinj»s, where 
the evil is very |)ronounced. It is not rij4ht 
that the citizen should run risks of life or 
health to save trouble or expense to a tradini^ 
department. The county and boron j>h councils 
have the reiiUMly in their own hands. On 
engineering* (ineslioiis the eni'ineer shouhl 
always have the last wf)rd. 

“The fourth refoini is a drastic alteration of 
the patent i)r()ceilure in the law courts. Here, 
a«ain, f think this A.ssociation should help bv 
recognising the existence of this evil and re- 
commending that a Royal Commission be 
appointed to in\ csti^^ate the subject at once. 


“The fifth reform concerns the Trade Asso- 
ciations and can only take the shape of a siiff- 
nestion. To obviate unpleasant suspicion.s, and 
to enable these bodies still to carry on the part 
of their work which is so beneficial to the 
nation, I would most stronjfly advise them to 
make their Councils fully representative of all 
the three intcrest.s, viz . : makers, contractors, 
and buyers. I think that if they fail to do thi.s, 
they will slide by de>»rces into a slouj^h of self- 
interest, until questions in the House of Com- 
mons, or the advent of a Socialist (Government, 
leads to state interference with their organiza- 
tions. 

“I'inally, there is the question of the j^eneral 
profe.s.sional code of the engineer. The only 
conclusion po.ssihle is that the existing condi- 
tions of training are lacking in .some e.ssential 
factor. The modern curriculum both in school 
and university has become so crowded, the 
teaching so vocational, and the objects so ma- 
terial, that a real perspective of life is impOvSsi- 
ble. Youths and maidens sail away from the 
university with excellent intellectual training, 
but with no sheet anchor to which they can 
trust in dislre.ss. Thi.s is true of every faculty : 
of arts as well as of science and medicine. The 
result is that when they meet a strong current 
of self-interest, they <lrift helplc.ssly, and we see 
them exhibiting that unsocial behaviour of 
which I have given so many instances. Tlie 
remedy lies in the hands of parents and of 
tho.se who coiKi'ol educational institutions : it 
is urgent and of national importance. I com- 
mend its consideration to the Hoard of Ivluca- 
lion, the Committee of Vice-Chancellors, and to 
the members of vSection 1 ^. Hritish engineers 
have, in the past, earned a great reputation for 
reliability and straight-dealing. This i.s a 
national a.sset of real value ; which can only be 
maintained if, as in our national ganie.s, we 
learn to place integrity before personal 
advantage. 



Anthropol ogy 


The Upper Palaeolithic in the Light 
of Recent Discovery \i II. A. 1'!. 

Tlu* outlook in our ivcc-nt studies in prtdiis- 
toric arcliaeoloj» y is in llic lueltiii” pot. New 
excavations and researches in Africa, the Near 
Hast, Kurasia, China, and oilier parts of the world 
have called for a new orientation in succession, 
noinenclature and typology of the several cul- 
ture stages, especially those of wlu)se ajipearaiice 
in Kurojie (towards the close of the IMeislocene) 
marks the extinction of the Neanderthal 
man and the a<lveiil of Homo sapiens. 
Much anomaly and amhiguity exist. h'or 
instance, diverse strains are grouped together 
under the single heading ‘Aurigiiaciaid and are 
much misunderstood for a typological study. 
So it is high time that we re-examined the 
above in the light of new evidences now 
available and attempted a new pattern as a 
whole liy a change of axis which is ahead v 
felt. 

Mi.ss 1). A. Iv iiarrnd, the distinguished 
President of the section of aiithroi)ology in 
the last .session of the Ilritish Association for 
the Advancement of Scienciv has very nicelv 
reviewed new and old Helds of U]>p(‘r Palaeo- 
lithic cultures and has drawn interesting coii- 
cliisions. She attempts to trace those cultures 
back to their origin and to describe the nuMle 
of their development and jlislributit)u and 
linally to construct a general pattern. 

The old classilication of tlu* Palaeolithic 
cultures from Chelle.iu to Magilalenian as 
obtained in 1 'ranee is no longer li-nabh* as a 
.system of nidversal ai»plicatiou and should 
he d<‘inolished as such. Though the old chro' 
iiology was given later an appareiiLlv new orien- 
tation by resolving the Stone Age into three 
cultural elements, the .so-ealh*d haiidaxe iiuliis- 
Iry, the flake industry, and the blade industry, 
ill f.aet, the trijde subdivision into lower, middle 
and upper Palaeolithic remains unalleretl. It 
was Abbe Pivnil who first <levelo]>e<l a uni- 


versal nulloi»k fi(»m a we.allh of materials from 
very dilVereiit j»:M ts of the world, which e.aii.sed 
that change in the axis. 

Meiighin h;is recently altemplt d a new set 
of nomenclature for the ,Stone Age cnltnre.s. 
Instead of using tlie general subdivision into 
the band ixe. Hake ami bl.ide enltni\*.s, he 
treats Hake and Idadi* cnllnres as one and 
creates a thinl class hw hone niltnies. Ihit 
he fails to obviate the chronological and typo- 
logical duality in tiu* old .sub»li\ isions of the 
lower, miildh*, and upper Palaeolithic. 'I'hese 
labels sbonld ])C used exclusively in a chrono- 
logical sen.se, while the groups of h.indaxe, 
flake ami blade industries in slriellv typolo- 
gical classifications, 'riiev should never be 
made to a]»pear synonymous. Meiighin attempts 
to obviat<* this error by re-bapti/ing the lower 
and middle Palaeolithic as Protj)lilhic and ui)per 
Palaetdithic and Mt.solilhic as .Miolithic 
(a.ssigning to f‘ach group its own handaxe, 
flake and bl.ide industries). Ihit here the 
continuity between Protolilhic ami Miolithic 
which is established hevond doubt is dis- 
turbed, and by the introduction of such terms 
as l\pi-Prololithic aiul l\pi-Miolilhic he has 
not freed them from tyi'ological significance. 
So long as we de.il only with wistern h'airope, 
the subdivisions into l(»wer, middle and n]>per 
I'al.'ieolilbic m.iy be undeislooil ; but where the 
sequence is not the same, the use (»f these 
terms is delinilelv mislea<ling. 

Reviewing the general situation in outline 
of the blade cultures in I'.nroj)e and outside 
as it was twelve yi-ars ago, Miss (larrod 
deals with western hbirope where the succes- 
sion is pretty ch'.ir. 'fhe lower Aurignacian 
with the Amli stage and Ch:it<li)erroii sl.ige, 
the various middle Aurignaeiaii levels, the uj)- 
per Aurignacian with the (iravelle and h'onl- 
Robert st.'iges come in snceession, then the 
lower and ut»per Solulreaii, ami finally the six 
stages of the Mag<laleiiian f<»lh>\v. ()ittsid<* 
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Kiiropc, the only carefully studied blade cul- 
ture is the Capsiaii culture of North Africa. 
The Solutreaii was rccojrmV.ed as intrusive 
from central Kuropc and the Mat^fdaleuiaii as 
as a hij^hly specialized local developnieiit of the 
Aurij*uaciau. Central and eastern Kurope had 
the u])]»er Aurif'uaciau with objects of bone 
and ivory with geometric desii^us. The upper 
Palaeolithic both in Moravia and Poland appear 
to have a Poul-Robert tradition named Swi- 
derian, which continues into the Mesolithic. 
Palaeolithic Russia is sijrnificant in that it 
has an oriental facies with an im]dicated re- 
lation to the western Majfdaleniaii. 

Next, as modified by new di.scoveries, a 
comparative retrospect of those blade cul- 
tures j^ronped under the former Anrignacian is 
admirably given bv Miss (larrod. Prom a 
stndv of the classic area of Pengord, Peyrony 
emphasizes the intrusive nature of the middle 
Anrignacian, as oppos(‘d to the up])er and 
lower Anrignacian which agree very closely. 
Peyrony proposes the name Perigordian for 
these cultures, retaining the old Anrignacian 
title for the middle Anrignacian, marked by 
scrapers, burins and split-base bone points. 
Hut this theory is too absolute in the complete 
independence of the two tradition.s, and the 
Perigordian, like the former lower Anrignacian, 
covers too much. The blade cultures of the 
Iberian Peninsula have been much modified by 
recent researches. Spain is no longer believed 
to be a juirely Capsian province. Capsian 
influences a])pear only in the final stages and 
a late dating for the Cai)sian has been pro- 
posed. The Italian blade industries jiresent 
a single facies, corresponding in time to the 
w’hole period of the Anrignacian, Solutrean, and 
Magilalenian of I'raiice. A separate name ‘(»ri- 
maldian’ has been generally ado]>ted. In Rou- 
inania, the Solutrean industry is a.s.sociated, as 
in western Kurope, with upper Anrignacian 
forms. The Swiderian is now establi.shed as 
early Mesolithic. It may be possible in future 
to establish a Palaeolithic precursor for the 
Swiderian. In the South Ru.ssian plain a pro- 
bable siiccesion of the blade cultures has been 
worked out. Typologically they may fall into 


two divisions — one, the earliest, characterized by 
an industry of Willendorf type, the .second, by a 
rather generalized type of the upper Aurigna- 
cian. Crimea has ablade industry corresponding 
to that of Palestine. South Siberia shows a mix- 
tiireof Mousteriaii and Anrignacian forms, which 
suggests its po.ssible connexion with the Kar 
Kast. The Kurdistan industry, which Miss 
(k'lrrod explored in a joint expedition, can be 
compared with the earliest blade culture of 
South Russia stated above. Palestine, an iin- 
j>ortant s‘te, shows a lower Anrignacian with a 
Mousteriaii tradition, followed by a middle 
Aiirigiiacian of a primitive tyi>e. Next conics 
a rich industry of cla.ssic middle Anrignecian 
which forms the bulk of the Palestine Anrigna- 
cian counting in time with the middle and 
npp<*r Anrignacian and Solntrenn of the west. 
The closing stages of the upper Palaefdithic of 
Palestine iire.sent a distinct industry. 

hvgypt is apparently an area i.solated from 
the main line of development, since the blade 
industries iirojier are unknown there and their 
place is taken by the Aterian, in which the 
Mousteriaii tradition is strong, and by the Saby- 
liaii, a iiecnliar Egyptian culture with diniinn- 
tive Levalloisean cores, thought to be the 
parent of all microlithic indnstrie.s, spreading 
out from the Mediterranean basin in Mesolithic 
time.s. 

The erroneous theory that successive Au- 
rignaci.an invasions entered Kurope from Africa 
is no longer iield. It is more jirobable that 
blade cultures arrived late in Little Africa. The 
true blade industry falls in two groups— the 
Cap.sian proper and the Oranian. The division 
of the Capsian into a lower and an upper 
stage is no longer tenable. Since microliths 
aiipear in lower Cap.sian, it cannot be correla- 
ted with the Chatclpciron of Kurope and must 
fall in the closing stages of the upper Palaeo- 
lithic, if not in the Mesolithic. The prehistoric 
chronology of Africa as a whole cannot be 
correlated with that of Kurasia. Africa in 
upper Palaeolithic times was .something of a 
backwater where Mousteriaii tradition long 
lingered till thelate arrival of the blade cnlture.s. 
Kveii this holds in Kenya, where Leaky ascribes 
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threat antiquity to the Anri^iiaciaii and hypothe- 
tically considers that the blade culture of Kenya 
is older than that of Kiirasia. The survival of 
a Mousterian culture in Kenya stillbay is certain 
on Leaky’s own datinj^. 

1 he comparative slock of the ])rehisloric 
materials of the areas under review beinj» taken, 
the President ^focs to deal with her conclusions 
and attempts to const met a general plan by 
re-examiniiijr the various staj^cs in the I'rench 
sequence in the lij*ht of evidences now brouj»ht 
forward and traciiij* each one to its orij^inal 
centre. 

The lirst blade industry to enter western 
Kurope according to Miss C'larrod is that <»f 
Chatel perron sta.i*e (IVyroiiy's IVrij*or<lian I), 
which is the former lower Anri<»iiaciaii. 
This industry does not occur in central and 
eastern Hnrope. A similar, though not indeiiti- 
cal, culture occurs at the base of the upper 
Palaeolithic of Palestine. The lower Kenyan 
AiirijJiiaciaii may be in i)art con temporary 
with this staj'e in France. Accordinj* to Leaky, 
the Chatel perroiiean may have develoj)ed in 
Kenya by the contact of the Acheulean and the 
lA-valloi.sean. A}4aiiist this tluory it is pointed 
out firstly that the upjier Acheulean of P;ilestine 
is in Clack toniaii tr.idition where Chattel- 
perron forms look intrusive, and M*condly 
in the Khar;»;i (kisis, wliere Lev.illoise.an Hake 
industry actually forms part of the Acheule.an, no 
Chattelperroiis have been fouiul. It is held that 
the Chalel])erroii .'ilrea<ly h.ul an independent 
e.xistelice at the time, having tleveIo])ed ins<»iiie 
centre still iinkmovn. Palestine or F. Africa 
is not accepted ;is llu* homel.ind (d the 
Chatel i»erronean, but an Asiatic centre within 
easy reach of both is luld to be possible. It is 
suj»j4ested that the home of the Cai>.sian culture 
is ICast Africa, \\here the nppi*r Kenya Auriyiia- 
cian is nearly typical Cai)sian and where they 
have develo])ed from the lower Kenya Aurij»na- 
cian. It has positively entered Little Africa (al- 
ready develoi)e<l) from h'asl Africa via Sahara. 

The industry of the Anrij'iiaciaii proper, 
which is the former middle Auri}»nacian, can 
be traced ri«ht across iMirojie, throu«h lower 
Austria, Hungary, Koumaiiia, the Crimea, Traii.s- 


caiicasia, Anatolia into Palestine, where it lin- 
gered much longer than in Kuroi^e. This sug- 
gests that the Ivast Mediterranean coast is not 
far from its origin which, according to Miss 
(larrod, must be sought somewhere in the 
Iranian Plateau and that from its distinctive 
tyimlogy it h;id an indejunnlent evolution. 

The next stages in the i*rench sctiueiice are 
lho.se of L.'i ('iravette :ind l‘ont-Kobert, formerly 
grouped together as upper Aurignaciaii. As 
the two stages are very closc-ly related, the 
names ‘lowi r ( 'tiavettean' ami ‘npi>er ( iiavelteaii’ 
respectively ha\e been propo.sed. 'file Capsiaii 
t)rigin of the (ir.iveltean is ruled <»ut, since 
microlithic burins and microlunates do not 
occur in the ( 'iiaN’etteaii stages and the female 
statuettes, so i>redominant in the I inivetteaii, 
are absent in the Capsiaii. It is suggested that 
both the Capsiaii and the ( iiavetteaii are derived 
from the Chatel perrtinean. lM*om its remarkable 
deveh'piiieiit in ceiiti’al and eastern iMirope, 
the ('travel lean, it is pointeil out, may have a 
luirasialic origin. 'I'he fact that Russi.'i shows 
abunduntly the distinctive female st.itnettes, 
w'hich occur only siniradically in western 
Huro]»e, tends toassnre ;in eastern centre of di.s- 
persitin for the ( ir.ivette.in. Central ICnrope 
may be elimin.'iled, since tin* (iravettean tiiere 
is ])receded by the Auriginuiaii. It is possible 
tli.at the piot(j-( 'tiavidteaii could have pas.scd 
into North-east I'airojie frtan the hypothetical 
Chatel periani ci-iilii* via Palestine, where the 
Clialelperron forms show signs of crvolntioii to- 
wards the ( 'ir.'i vet term type. 

.Miss (i.'irrod in line snnis iiji her specnl.i- 
tioiis that in the earliest blaile iiulnstry the Cli.a- 
tel perroiiean from an unknown oriental centre, 
emerging in lower I’alaeolithic times and 
developing, iillim.alely semis out two branehe.s, 
oiu* into Iv'ist .Africa to gi\e ri.se to tlie 
C.'ijisiaii, ami tlie other into Xorlh east ICnrope 
to give rise to the ( ir;i\ elle.'in. Mc.inwhile the 
Anrigiiacian ]>ro]»er imshes westwards and 
separates tin- two great i>rovinces. Migrations 
on a l.'irge .scale i)ass into central .and 
eastern Fairone along the .soiitheni limit of 
the ice-sheet from the Aurignaciaii and (iravct- 
te.aii centres and react with one .another, pro- 



f 


(luciiiH: local variali(»ns ol Hr* ciilturo.s already 
ill possession, the most vital of which was the 
^laKdalenian, finally buildiii}| up the charac- 
teristic I'reiich se<iuence. At the close of the 
Pleistocene inij^ratioiis aiul interniii’rations 


which necessarily follow come to an end and 
iiuiiierons local variations siiriiiy^ up all over 
the Palaeolithic world. 

D. S. 


Psychology 


The Patterns of Experience 

— Mr W. U'ulIrrH 

The [iroj^ress of psycholoj^y should not he 
iiiulercstimaled and its contribution to life 
overlooked, because of the iiresencc of many 
theories of controversial nature. Kvery science 
has controversies. The science of i)sycliolo|^ y 
beiiij* a new <liscipline the student is confront- 
eil with controversies at the very start. Scienti- 
fic discu.ssions anionj*.st various scliools are not 
to be rei*arde<l as dispute.s. One should make 
a jtidicious ami critical .selectitJii <iut of the 

0] >]>osini* theories and develop it from personal 

1) oint of view. 

Hefore a previcjiis nieetin;^ of the vSeetitin 
Prof. Riibiii and Prof. T. Whitehead read 
two jiapers containing views resembling those 
of the present writer. In this paper additional 
illnstratioiis have been put forth in snpiiort of 
the central thesis th.it our minds organize the 
presenUsl material of exjierieiice into patterns. 
Prof. Knbiii disciisseil the j).sycholo”y of visual 
l)ercepti()n and furnished expel iiiieiital evidence 
to show that mind “c(intril»iites structural f>riii- 
ciple to its own experience”. What Prof. Knbiii 
slu)wed to be true in ease of vision is akso true, 
in the opinion of the ]>ri sent writer, in ca.se of 
other sensations. The latter snj)ports Ku!>iii\s 
\ iew that ineaiiin.i^ ;ind .lesthetic apj>eal of a 
picture tiepends on its left-lo-ri.nhl character 
which, he adds, is iletermined by our ris^lil- 
liaiidcdness. 


The niantR*r in which we perceive a Ihinj*: 
visually or otherwise is a pre-eslablishcd one. 
'Phe miml does not merely re;:*istor the object- 
ive world but orj'anize the sen.sory material 
into definite patterns determined i)artly by 
orij^inal endowment of minds and partly by 
actpiired factors. 'I'lic* experiments of Katz 
and Tlioiile.ss on colour :ind size constancies and 
lho.se of the (lestalt i)sycholoj4ists on j»ronnd 
and iij^nre am|»ly bear out the contention that 
the precipient mind arraii.ijes the prc.sentetl 
objects into ])at terns. 

If it be admitted that the subject aiialvses 
the* world of objects intt> i)atterns it follows that 
onr process of kiiowin.e is :in activity. Conation, 
then, becomes a fniirlamental concept in psyclio- 
loi»y. 

'I'lie human ami animal behaviours exhibit 
patterns. Presence of such ])atlerns are obser- 
vai)le in our business activities cam! social 
dealings. We can estimate the character of an 
aecpiaintance by noting his beliavioiir iiatterns. 
'i'he pattern of ri si)on.sc mav be latent in the 
orj*aiii.sm or may he ac(|iiired. The first type 
of response may l)e called instinctive and the 
>ecoml skilkMl. Skill does not iiu-rely stand for 
ability to pLi forin a particular job achsinately ; 
it also indicates a prej):ire<lness in an ‘‘outline 
flexible inaniiei” to respond to various detjiils 
of the moment. Onr conceptual thinking can 
be dealt within terms of skill in the above 
.sen.se. The eoncei)ts are outline i)reparations 
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for response. The writer calls llieiii ‘sclieiiialic 
preparations’ or ‘schema’. 

The existence of ‘social ])atterns’ are clearly 
ob.servable in onr ideas and institutions, and its 
influence on life may be objectively demons- 
trated. Prof. Whitehead in his HHmtnt FaHor 
has shown that by chaiij'inj^' the seatiii}*’ 
arraii^rcment of a jjroup of five j'irl workers in 
a factory workiiifj in the same room, the output 
diminished. In «roup life the individuals ac- 
commodate their behaviour to each other’s. A 
disturbance in the .social adjustment aflecls the 


skill. Our social institutions are outward pat- 
teriLs for adaptive behaviour resulting from the 
psycholo>»ical characteristics of one genera- 
tion to shai)e the reactions of the ne.xt. And 
an ideal is nothing but a schema of behaviour 
sufficiently crystallized for inspection but not 
fully expressible in language. Kvery response 
in life is predetermined into jiatterns and it may 
be said that there are ‘ways of livinj»’ as there 
are ‘ways of seeing’. 

S. C. M. 


Botany 


The Uses of Fungi -\ii- -i. 

Following the modern trend of emidiasizing 
the economic asjx'cts of science, Mr Ham.s- 
bottoni chose “The Fses of iMingi” as the 
subject for his Presidential Address to the 
section of Hotany at the Blackpool meeting 
of the Mritisli Association. Owing to the incoin- 
preheiisiblc aimnint (d' damage that these 
niinute non-green jilnnts lanse to ns, their 
nsefnllness and eai>acily to do good to hniiianity 
is apt to be forgotten. As it is true that life 
on earth would be impossible without the 
green i)laiits sn it is also true that plant and 
aniinal life would cease but for these organisms 
which act as scavengers. 

ICninijC l'‘rN(;i hVoni time immemorial 
people have been using .some of the larger 
fungi as food and .some are regarded as 
poisonous. Apart from the coininoii mushroom 
which is universally eaten, species like Trf- 
choloma personatum, are regarded as edible 
in some i)arls of the country ])nt in other 
parts arc rejected as nuisoiions. Boletus edulia^ 
.figures in many of the restaurants in Sweden 
where fungus-eating was introdueed by Charles 
XIV. Other forms like Cyttaria form the 
main and often the sole vegetable food of 
<) 


the poor people of the Italtic State.s. Crude 
methods of producing edible fungi were known 
from earliest times and consisted of watering 
old stnm])s of trees like the j) 0 ]>lar.s for Pho- 
liota aegerita or nias.ses of earth containing 
mycelium for VoUjporus tuberaster etc. The 
field mnshroom PsaHotia campv.airis is one of 
the few larger fungi th.it are cultivated to 
anv e.xtent. The French were probably the 
first to develop its cultivation by growing it 
on liorse-dnng. Corfivellus shiitake and Vol- 
varia volvacea. are also grown. In the art of dis- 
tiiignishing the right tyi^e f)f mycelium the 
sjiawii-li Hillers were more adeiit than the 
modern mycologists hut the class .seems to 
have tlisajipeared as completely as the jiro- 
fe.ssional trnifie-lniiiters, due to the adoption 
f»f modern scientific iiielhods for their produc- 
tion on a coinmereial scale. In 180-1 two I’reiieh- 
ineii patented a inelhoil of obtaining spawn 
from the spores but in I0i)5 Duggar, an 
American, described how sjiawns can he ohtain- 
rd satisfactorily from the flesh of the Stalk. Hy 
this I’liited State.s, which was then importing 
about .bOOO.OOO rounds of canned miishroom.s, 
was enabled to i)rodnce 1 7, 000, 000 pounds of 
mushrooms aiimially but with the advent of 
the motorcar the proper inaiinre (h«'’s<-‘-diing) 



is beconiinjf scarce and a successful substi- 
tute has not yet been found. It is of interest 
to note that niairs most .serious competitor 
the ants have succeeded in cullivatiiiff many 
more fungi in its fungus-gardens. 

TrufTels and morels have always been highly 
e.steeined but the numerous attempts, to grow 
them as a crop, have been without succe.s.s. 
The truffels (Tiiher up.) are huntc<l out with 
the help of pig.s, dogs, and rarely goals. 
In India morels {Morchella esculeoita) are consi- 
dered as a delicacy in Kashmir where they 
are known as “gucchi”. 

The Japane.se and the Chinese are great 
consumers of fungi. Corlinellm edodes (“Matsu- 
dake") is much liked in Japan and annual 
picnics in the pine forests are held to .search 
for it. The country also e.\i>orts about f U)0,000 
worth of another species Cortinelhift shiUake 
(“.shiitake”). The Chine.se in Formosa greatly 
like the hypertrophied Canada riceiiifected with 
Ustilago esciilevtn which in tlie young and 
white condition is krown as “kah-peh-.soon". 
In tlie ripe condition the black spore ]>owder 
is ii.sed to paint tlie eve-brows and borders 
of the hair. The Hottentot ladies similarly 
ii.se the s\torcs o( Podaxis carcivomalis ns face 
jiowder and this suits their special comi)lexion. 

I'ruM'i'L UK Wood and timbers alTectetl bv 
fungi often become usele.ss but .sometimes 
they too have their uses. The well-known 
“green wood” of Tunbridge ware is u.stiallv 
oak or birch containing the greenish mycelinm 
of Chlorospleninm aeruginosuw. Fat terns of 
this wood are cut and glued to furnitures. The 
“brow'ii oak” much valued by timber merchants 
is due to the attack of BHslnliiin hepatica. Ar- 
mellaria mellea and Ustulina vulgaris form a 
black line at the limit of their attack and 
l»eculiar patterns often result. 

OthKR t’Si-:s — The poisonous fungi also have 
their uses. Amanita is used b)r religious pur- 
poses in Siberia as w^ell as for killing flie.s. 
However, not much criminal use appears to 
have been made of these. 

The soft flesh of Fames fomentari*nis has 
been used as tinder, caps, apron.s, iiictiire-frames 
and the like, ft was with this “toiich-wof>d” 


that Robert Hook (1665) made the first known 
observations on the microscopical structure 
of fungi, llirch-w'ood infected with Polyporvs 
betulinus is powdered and used for burnishing 
watches in Switzerland. The soft flesh of this 
fungus once .served as razor-stroji and ento- 
mologists still use it for iiinning insect.s. 
Hryaii in recommended the use of the 

“inky juice” of Coprinns comatus for retiioch- 
ing and i)ainting out defects in photographic 
negatives. 

bi'Mixors Ki NC.i The luminous fungi had 
their u.ses in the war to prevent collision 
when people had to move in the dark. In 
certain forest areas the luminous fungi and 
wood were arranged at intervals for lighting 
jmrpo.se.s. 

1 louTu r i/i r kK Orchids are greatly fancied 
but for a long time their seeds coubl not be 
germinated sncjes.sfully bi*fore Ileriiard showed 
that the 'presence of a fungus in the root 
(mycorhi/a) is iiece.ssary for abundant germina- 
tion. M.iny i)f the forest trees beb.-ive similarly. 

Mkdii'iM': Many fungi art* used for medi- 
cin.'d ])urposes. 'file most important is ergmt 
iCla riceps pv rpu rea) wliicli i.s used extensively 
ill midwifery and hasbeen retained in the Ilritish 
lMiannaco]>aea. Ru.ssia i)roduces .’ibont Ido tons 
Ilf it annu.'illy. Ve.ist ainl the dried flesh of 
Vobjporns ol/icinalis li.ive been and i.s still u.sed 
for various ailnient.s. \’e:ist extracts are traded 
under v.iiiniis n.imes sneli as Marmile which 
during tlu- war was used as a |)reveiitive for 
beri-beri because of its vitamin II coiilent. 
Vitamin 1) can also be ])repared from yeasts 
but certain moulds as Aspergillus sydouri or 
Paecilomyccs varioti give better results. The 
sterile bases of the imn’-ball Lycoperdon bovista 
has .served for staunching wounds and as a 
.styptic in veterinary work. I'rom nuclein of 
yeast a .salt of nucleic acid is obtained which 
.show marked bactericidal action on injection as 
well as a large increase in the leiicocyte.s. 

DKiNKS--b'roni the earliest times man has 
made u.se of certain fungi for the preparation 
<^f alcoholic drinks and beverage.s. Most of the 
older proce.s.ses dejicnd on yeast which convert 



siijcar into alcohol mid CO^. Wines arc produc- 
ed from jfrai>e-juicc fcrineiitcd with yeast that 
occur naturally on llu* skin of the ^rai)e though 
due to the inodern method ofusiiit; pur<‘ culturt* 
yeasts as starter’ the process is a scientifically 
controlled fine. Other fuiijiii like Botrytia ci- 
vereu, Myvodernut m/i etc. in coiijunclioii with 
yeast are respfuisihle for the a.i^iuin of wines 
and }»ivin<> them special tlavours. 

Almost ev(‘r\’ nation has its ancient fer- 
mented drinks prepared with the help of yeast. 
'I'o mention only a lew the Kvass of Russia 
is prepared liy fermeiitin;^ a mixture of hai ley- 
malt, ryeinalt and rye-llour while the Puhiue 
of Mexico is obtained from the juice of Agave 
and is esteemed for its cooling proiierties. 'Phe 
Scandinavian Taetle is a milk product, Sorgho 
of Manchuria is made from Sorghttm Saacha- 
rum and the Xij^^er beer of Kast Africa is ob- 
tained from millet. 'Poddy of India is prepared 
by the fernieiilation of the juice of !*almyra 
l>alm. 'Pile well-known Ja]iaiiese beverage 
Sake is obtained from rice by the action of 
Aspergillus Oryzac and then aildin^ yea^t. 
The mould converts starch into suj^ar which is 
then fermented by the yeast. 'Phe process is 
similar to the nialtinj^^ operation where starch 
is coiiverteil into .suj^ar by mouhls such as 
Mucor Ronxii, Hhizojms japonic ns etc. 

Some drinks, however, are produced by an 
association of twf) or more or}.;anisms. 'Phe 
Knj^lish j'in^fr beer is ])roduce<l by an yeast 
Saccharomyces pyrifonni'i and :i bacterium, 
Bacterium rermi forme. Mexican 'Pibi is 
also similarly jiroduced. 'Phe 'Pea Cider of 
the tropics wdiich contains alcohol, is 

held to' be a cure for such ailments as consumt)- 
tion, is prepared by the fermentation of ordina- 
ry tea with 10 sn.ear liy a combination of 
Saccharomyces Ludwigii and Bacterium xyli- 
num. Kephir u.sed in Western Asia is ferment- 
ed milk and Koumiss of the Siberian and 
Caucasian tribes is a similar product obtained 
from the milk of mare, ass or camel. H^yptian 
Leben and the Armenian Ma/ii are also 
similar drinks. 

Sauck — A rrack is the •iciieral name applied 
to a number of spirituous li«|Uors in the (Orient. 


In Java it is prepared from rice-starch bv the 
action of Rhizopue Oryzne, Monilia Javanen- 
sis and Saccharomyces VordermanniL In 
Cevlon it is distilled chiefly from palm-toddy 
and in India from palm-toddy, rice, rcfu.se of 
siij.iar rclincries and mainly from the flowers of 
Bassia lati folia (Mohua). jai>anese Koji is 
made with AspcrgillHS Slniyii koji is a ])repara- 
tioii from soya bean and is em]>loyed in the 
manufacture of .soya sauce widely u.sed in the 
eastern and western countries. Other sauces 
and food are al.so madi* from soya b<*an pn»- 
<lncts thron!L»h the action id Aspergillus, The 
sini»le fuiiinus Aspergillus Oryzae in Japan, is 
responsible for i>roducts winth approximately 
f KVkmJ.OOO annually and thus it plavs an im- 
junlant part in the national economy of that 
country. 

1‘nni) Certain chanjies in food are brouj»ht 
about with the aid of funj^i. In bakinj^ the 
CO., produced by the compre.ssed brewer's 
yeast Saccharomyces cerevisae raises the bread 
uuihiriidy. 'Phe amount of baking yeast pro- 
duced in (Vreat Hritain in was 2,200 tons 
with a value t>f X Dried yeast al.so 

.serves as food and during the war the Cierinans 
produced about 20,0(K) tons annually for food to 
sut>idement the breail ration. 'Phe Chine.se Red 
Rice w’hose origin was loii^ kept secret, is due 
to till? action of Monascus purpu reus on damp 
rice. 'Phe art of makiiij* cheese dates from the 
c.'irliest times. It is tnejiared from coa^idatc'd 
milk by the action of moulds like Penicillium 
wdiich lives in the sjH’cial caves and w’ooden 
shelves f>f the ])lace where they arc inaiinfac- 
tnred. Hu I now-a-days delil ierate infection by 
the strain of the funi»us is practised rather than 
natural infection. 

h'uKi. Veasts can to some extent solve the 
problem. It has been estimated that iCn^lish 
roal will be exhausted in four hundred years 
and that t)f T. S. A. in four thousand years if 
there is no increase in its consumption, whereas 
if the rapid increase of the recent past is inaiii- 
laiiied these periods w ill be reduced to forty 
and five hund’^ed years resjiectively. Alcohol 
.seems to be the future substitute and the CO,, 
obtained as the by-]»rodnct in fermentalitm bv 
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the yeast will be, as is even now, solidified to 
prepare the “dry ice” for refrijreration. 

Chkm ic A T.s— Moulds are responsible for the 
production of many chemicals. Laevo-tartaric 
acid is obtained with Penicillium glaucum and 
ffallic acid— a constituent of inks and a mordant 
for dyes— from taiiiiiii by the action of Aspergil- 
lus. (ilycerine is tlie main constituent of the 
highly explosive nitro-j^lyceriiie. T)urinj» the 
war the blockade of the Allies prevented the 
import into Oermany of fats and oils used as 
raw materials for the preparation of glycerine 
but by the (iermaus devised a method for 

its production as a by-product of fermentation 
of sugars with yeasts, and the monthly output 
exceeded 1,01)0,000 kiloj^rams. Acetone u.sed for 
the explosive cordite can be obtained with 
Mucor Rouxii, 

Takadiastase from Aspergillus oryzae is a 
whitish or yellowish i)Owder used vs’here there 
is alack of normal dlj»^estive activity. Commer- 
cially it is emjdoyed in the weaving’ indu.stry 
to correct oversize of warp threads and to 
.separate the silk fibres composin^?^ the thread 
as spun by the silkworm. It is also used for 
clarifying’ the pectin of apple pomace in jam 
and jelly making: and to clear Sorghum .syru]». 
Commercial diastase can replace soa]) ami is a 
l)artial substitute to yeast in bread making. 
The enzyme invertase is prepared commercially 
from yeast to invert sucrose in the manufacture 
of various syrups and candy. 

Wehmer has shown that by the activity of 
Aspergillus and Penicillium on sugar solutions 
excellent yields of oxalic and citric acids can 
be obtained, (rhiconicand fiimaric acids can 
also be prepared in a similar way. It was 
recently stated that a certain American firm 
in order to snpidy the colo.ssal amoiint of cal- 
cium citrate recjuired by the American cliee.se 
industry alone, is maintaining nine acres of 
mycelium of Aspergilltts niger in constant 
commission. From recent investigations it i.s 


becoming increasingly evident that compounds 
of almost every type, known to organic 
chemistry, can be synthesized from the metabo- 
lic products of the moulds. Some species of 
Helminthosporium can produce authrociuinone 
which is used in technology as a dyestuff. 
Penicillir, a metabolic product of Penicillium 
notatum has anti-bacterial jiower though it is 
non-irritant and non-toxic. Several siiecies of 
Fwsarium can form large (juantities of alcohol 
from gluco.se. Certain moulds can also produce 
fat from sugar and Penicillium Javanicum can 
give as much as fat from glucose. The 

w»ar had brought ab«)Ut an acute shortage of 
food in Ru.s.sia where the “fat yeast” Endomyces 
vemalis was u.sed for the production of fat 
from sugars. The non-pathogeiiic strain of 
Aspergillus fumigatus if added to straw mois- 
tened with a small amount of ammonium salt in 
solution rai.ses the total protein content from 
one to eight per cent and was used towards the 
end of war to feed sheep, cattle etc. 

A satisfactory parchment membrance have 
been recently prepared h\ Sanborn from the 
.somewhat slimy rubbery growth of Oidium and 
Monilia in media rich in carbohydratc.s. An 
American patent was also taken out in 1915 for 
making a leather substitute by tanning a similar 
growth of Bacteria and Mucor. 

Many of the processes mentioned above 
have been i>atente(l and one can easily see what 
an amount of mycological and bacteriological 
information lies hidd(*n in these i)atents which 
number a little over I, SOD. 

“9'hough a fairly large number of fungi have* 
b^'cii investigated, they form a very small 
])ercentage of the total. The possibilities (d* 
practical results are endle.ss. Here we have a 
field in which the ta.xonomist, the chemist, and 
the physiologist can work together j)rofitably 
in the cause of science — which is the good of 
humanity * 


A. M. 



Physiology 


The Control of the Circulation of 


the Blood 


— II..I.S. \ii>n«uiiii 


It is now iiifirc than M)() years since Wil- 
liam Harvey discovered the circnlation of the 
blood, but we are yet far from nndcrslaiidin” 
its control— a fact which is lirouj^lit hoiiie to 
us when we realize tliat each year thousands 
die from failure of the circnlation other than 
heart disease. Indeed it can fairly be said 
that certain diseases of the circnlation are de- 
finitely diseases of civilization and are on the 
increase. 

The jnirpose of the hlood circnlation is, 
as is well known, t») supply tlie tissues with 
iiourislinient and ]»arliculnrlv with oxyj*:en, 
and since the difl'erent ])arts of the body vary 
enormously in their activity from time to time, 
their needs vary also. 

When a tissue, say a muscle, incren.ses its 
activity, it needs more oxyj'eii and fuel and 
therefore more bhiod snpplie<l to it per minute, 
and this increase is hron.eht ahont in two ways: 
(a) The heart increases its output and rate, 
i. e., pumps out more hlood with each contrac- 
tion, and also contracts more frequently than 
before, t^) Tlie hlood vessels of the active 
muscle dilate, so as to increase their capacity, 
but those in the inactive parts constrict in 
order, as it were, to squeeze out siniie jiortion 
of their contents into the j^eiural circnlation 
to meet the increased nee»l of tlu* active mus- 
cle. We must remember, however, that the 
vessels dilated should not excicd the total 
capacity of the vessels that are constricted. 

The output of the liearl depends on the 
amount of hlood that enters it duriiij* its 
diastole, i. e., the more blood reaches it the 
more it pumps out, within limits. 

As rejrards the rate of the heart, it was 
usually sufiposed that it is controlled hy two 
sets of ncrve.s, V'iz.y (a) sympathetic, which 
accelerates the activity of the heart, and (b) 


the vaj^ns. which inhibits it. lint recent re- 
.searclies to show that this is only partially 
true, because the control is, in reality, under 
two sets of reflexes, of w hieh the activities of 
the vajius and the sympathelie are hut the 
efferent parts. This imi)Hes that there are 
also two sets of alVeriMit or sensory impnl.ses 
which «ive rise the motor activities of the 
sympathetic and the vai*iis. 

There are j^ronnds to assume that the 
sensory or afferent im])tilses of the accelerator 
reflex orij»inate in the skin and their stimuli 
come from the external world, whereas those 
of the inhibitory reflexes originate in certain 
.sensitive rej^ions at the aortic arch and caro- 
tid sinuses, wliicli are normally stiinnlated 
hv the pressure of tlu* hlood they come in 
contact witli. 

Diirin*,* excrci.se the inhibitory refle.xes 
decrease, while the acci.deratory ones increase. 
The ranj*e of acceleration, however, is not 
determined by the activity t)f the symj)a 
thetic alone. It also de|)ends upon the extent 
of the inhibition of the va^ns activity. 

In mild exercise, however, there is no 
a])i)reciable increase in the rate. There is 
only an increased output, followe*! by an in- 
creased arterial j^ressnre. 'Phis shows that 
there is at that time a greater ciiiantity of 
hlood circulating throni'h the vessels. Hut 
where docs the ;nlditic^nal hlood come from ? 
It comes from those parts of tlie body which 
are at that time comparatively inactive and 
so can j>(> on with less hlood. The cai>illaries 
of the inactive parts constrict and hlood flows 
,')nt of them into the capillaries of the active 
parts which open up or dilate in their turn. 
The dilatation of the ve.ssels is bronj^dit about 
hy two means : (1) Chemical and (2) Xervon.s. 

(1) The cause of chemical dilatation has 
been a subject of considerable debate hut 
there is ample evidence to show tliat .some 
products of metabolism are responsible for it. 



I'or example, CO.? and lactic acid have been 
found to have vaso-dilator action, if applied 
in suitable concentration. Some .substances 
of protein orif^in, of which histamine is one, 
are also re.spoiisil)le for this. Besides these 
there are .some more .substances like adenylic 
acid and others which i)ossess this flilator 
function. These substances are undoubtedly 
responsible, if not for the actual dilatation 
of the ve.ssels durin.” exercise, certainlv for 
the continued «lilalati(»n which continues after 
exercise. 

(2) The nervous <lilatatiou is attributed 
to the action of the sviupathctic. 'I'his nerve 
lia.s, ill fact, both the functions ol coiistricti*)ii 
and dilatation. 

As soon as exercise coiutncnces the alTerent 
impulses which set uj) the \ a.so-dilator rellex 
nrij^inate from the active muscles themselves 
and are evidently cause<l hy the iiicclianical 
and chemical ohanj*es that take place there. 
Oxygen want, for c.xample, lias been kiunvii to 
set up alTerent impulses which result in re- 
flex dilatation. 

Krog^h, by his Indian ink exp<‘rimeiit, 
demonstrated that diiring^ exercise large niini- 
her of previously clo.se<l capillaries are opened 
lip and this necessitates more blood to keep up 
the Vdood pressure siifllciently high to maintain 
normal circulation. 'I'his additional blood 
is fiii'iiished to the active muscle by ah 
most all other parts of llie body exceiiting^ the 
voluntary imiscle.s, tlic heart muscle and the 
brain. The vessels of the inactive parts constrict 
to compensate for the dilatation of the active 
part. The ve.ssels of the skin have been found 
to constrict even under the strain of an anti- 
cipated activity. It is not quite defiiiitely known 
how the alTerent nerve imi)nl.se that result in 
the sympathetic vaso-constrictioii arise. In all 
probability they have their origin in the sen- 
sory stimulation from the outside world. 

The range of the vasodilator action is not 
determined solely hy the .sym])athctic. It akso 
depends on the extent of the inhibition of the 
vagus activity which ciiliaiices the vascular 
reserve by iiiaiiitaiiiiiig' a tonic dilatation of 


the ve.s.scls. As in the case of its cardio-itihi- 
bitory function, the afTerent inipukscs of the va- 
.so-depressor reflexes have their origin in the 
eardio-aortic rcg:ion and the carotid sinnse.s. 
hike the car(lio-inhibit»)ry reflexes again the 
va.so-depres.sor reflexes are stininlatcd hy the 
iiitra-vasciilar ]>ressnre of blood in llie.se 
regioii.s. 

The primary function of this control of 
ves.sels is ti> maintain the arterial pre.s.snre at a 
constant level which is nece.ssary for a steady 
flow of fluid to till* tissues. But more recently 
another fniietioii has come into light and that 
relates to the eflicieney of the heart. 

During exerci.se the arterial as well as the 
venous luessnrc incri-ases. The increase of the 
former can not be said to be due to an increased 
])enpheral resistance to the (low of blood from 
the arteries, because in that case it would have 
been followed by a decreased flow in lr» the veins. 
But normally the reverse is the e.ase: there is an 
increase of the venous flow. This shows that 
the total circulation is greater at this time. 
This increase has been ciTected by the constric- 
tion of the vessels of the inactive j>arls. 

Bayliss found tlial stiiiinlalioii of the aortic- 
depre.s.sor nerve is followcti by a fall of the arte- 
rial pressure together with a similar fall of the 
venous pressure. Ihit it is important to note 
that the reverse does not take place when the 
(lepre.s.sor-reflcxcs are cut olT. During exercise, 
for exami)le,both the vagus restraint of the heart 
and the depressor-restraint of tlie vc.s.sels are 
reduced. More blood is thrown into circulation, 
i.e.y more blood flow through the arteries and 
veiii.s, but this docs not necessarily can.se an 
inc»‘ease of the venous ])ressnre hecau.se the 
heart, at the .same time, is slimnlated and it 
promptly deals with this increased venous flow 
hy increasing its output and rate. 

A further corroboration of this view of the 
function of the vaso-dilator reflexes comes from 
the study of the effects of exercise and emotion 
in man. It has been demonstrated that genera- 
lized va.so-cons trie lion is an accompaniment of 
psychic activity. Kxercisc without any psychic 
gest producesonly a dilatation of the vessels 



of the active niiiscles without a correspoiidin;r 
and coiiii>tfiisaliii« constriction of other vessels, 
so that there is an increased capacity of the 
vessels without an increased flow and conse- 
quently the blood pressure naturally falls. 
This fall ill the arterial jiressure is not due to 
the accuimilation of the blood in the active 
niu.scles, as has been suj>?^esled by some, but 
is due to the decreased i)eri]>heial lesistance. 
Acciinuilation would result in an iiuTe:ise<l dias- 
tolic to^etliei with a decreased systolic jires- 
sure. Hut the case is just the opposite of it. 
broiii this it follows that the increased arterial 


pressure which we notice in exercise is due to 
psychic factors alone which produces a 
li/cd vaso-constriction and calls into use the 
reserves of blood and thus normal circulation 
is maintained ins]>it(‘ of this }.»reatly increased 
capacity of the active muscles. 

\\ e must remember, that the same mecha- 
nisms that have been described above in 
connection with exercise are used and ileveloped 
by the body for physical exercise which it uses 
to tlefend itstdf a.i^ainst disease and injury. 

A*. C. 


Educational Science 


The Future of Education 

— Sir IlirliiiiMl l.i% 

Kvery indixidnal has a threefold function in 
the worhl to make a li\ elihoed. to 1 )«* a citizen, 
and to be a m 111. 'riic dntv nf the State is !«• 
.see that, so tar as education is concerned, 
evervone has the opportunity of jH-rffuiiiiiis^ 
these three f mictions. It is easier to make 
a livin;^ than to have tlnr iiitelli^'ence, the 
knowledge, and the <lisiiitereste<lness, which 
ideally everv xoler requires. Ihit the final 
>4oal of education is, not the caj^aeitv to earn 
one's bread or to live in a communitv, tliou}»li 
these are included in it, but the making of 
bniiian beings. I>ody, character, riii<l, in the 
widest sense, reason make the man. A body 
niideveloi>ed, a character weak or debased, a 
mind unaware of the Universe which we in- 
habit, or tile achievements and i<leals of man- 
kind, proclaim the failure of education and 
walk the world as a slaiidinji reproach to it. 

Hence education, for all men and women, 
for the artisan and labourer, as well as for the 
educated clas.s,' must liinl ample room for a 
liberal, cultural element. Some iieople may 
feel that the cultural .subjects are nnsnitable 


for tlu* masses. 'I'o hold it is to accept the 
most nilhle.ss ef class svstians, to say that 
men dill'er not oiilv in ih'erei* hut in kind, and 
that the majority are inc.ipable of sUnlies 
without which there can he no inlelb\»ent 
idea eillu*r of the I’niNerse or «»f the .i>re.it- 
iie.ss of the human spirit. If a man is iiicapa- 
hle of these stndii's, lie is nt)t allowed to 
perform one «»f his three functions in the 
world- -‘to be a man’. .And if the ninjoritv of 
the electorate is inea]»al)le of tliem, we must 
either abandon ilemoeracy or resij^n ourselves 
to he ^(oerned by an electorate wliieli can 
nevi*r know wliat a vState sbould be. Ancic'iit 
tr.ulition and ])olilical instinct may i>reserve 
sneb a democracy from disaster, but not only 
will its stability be precarious but its ]>olili- 
cal ainl spiritual life will be poor. The bad 
film and tile bettin;.^ news will be its relaxation ; 
the bad press its literature ; passion, prejudice, 
the catchword and the sloj^an will be its 
masters To Ibis biimanistic studies are the 
«reat, ])erlia])s the only, antidote. Here are 
written all the ideals and adventures of 
mankind ; the lesson of these studies is Sur~ 
sum Cordft : they are a jierpetnal rebuke to 
the feeble vision and failing faith from wlii<*li 



all men suffer, and to the self-contented spiri- 
tual mediocrity which is a special dang-er of 
democracy ; without them men know neither 
themselves nor their i)ossibilities. How far, 
then, does our education jjo to make men 
or citizens ? The measure of its success de- 
fines our achievements, its shortcomiiijjs in- 
dicate what remains to be done. In the fields 
of university, secondary, elementary, and techni- 
cal education, the main lines have been well 
laid, 'riicy are not likely to be altered, but 
in the future they may be improved and ela- 
borated, but i)erhaps the chief improvement 
necessary is that we should learn more of 
their use and purpose. Our worst failures are 
due to the fact that we drift into and through 
education in a mechanical, automatic, unthink- 
in«‘ way, instead of clearly defininj*^ to our 
own minds what we wish education to do 
for us and askiiijn whether it is doin^ it and, 
if not, why not. 

We have left the vast majority of the popu- 
lation without any kind of liberal education. 
We have provided for tlie minority who attend 
secondary school anti university. We have 
shown the rest a jflimpse of the promised land 
and left them outside it. .Art, music, .science, 
literature are not for the majority they are 
ft)!' a few. The rest are disinherited from .some 
of the purest and lii}*:hest pleasures ; they have 
been reduced to mere niachiiie.s or animabs. 

It did not matter st) much in the past, when 
the workinj»-man had little leisure to cultivate 
these. Hut the times havt* chaiij^ed now, and 
the workins 4 -man has ample leisure to follow 
these pursuits. The ”reat majority of our popu- 
lation finish their education at the early aj^e of 
14, when they can have only learnt to read, write, 
and do arithmetic, and have thus made only a 
be^innin^. Hut what ii.seful purpose does such a 
be!>innin«^ serve, when there is no continuance 
of these studies? Tp till now we h.'ive done 
jiractically nothing for those who leave school 
at 14,1.5, or and then say farewell to education 
for ever. 'I'he task of the future is to deal 
with tlii.s, our .t»reat educational scainlal. 

When we accept two important principles, 
(l) that <*ertain maturity of mind is nece.ssary 


for humanistic studies ; and (2) that full under- 
standintj: of them is impossible wdthout 
experience of life, some practical conclusions 
follow. The first is that an education which 
ends at the stage of 14 is no education at all. 
The chief uses of the prc.scnt system of our 
elementary education arc to enable a minority 
to proceed to further education, and the rest to 
read the Daily Maily Expreas^ and Herald. 
Unless this elementary education leads on to 
something else, it is as useful as a ladder which 
has no rungs beyond one or two at its bottom. 
To cea.se education at 14 is as unnatural as to 
die at 14. The one is physical, the other intel- 
lectual. death. 

Hut the defects of our present sy.stem will 
not be remedi(‘d by raising the school age to 1.5 
or even to U). There are no intellectual ad- 
vantages (there may be and are .some economic 
ones) gained by it. If such a change is prepa- 
ratory to an education continued into the adult 
yeans, well and good ; if not, it will leave our 
problem still unsolved. What is the solution ? It 
will not be found in secondary education, for it 
is given to i>upils whose faculties arc not fully 
develoi)ed, and who have not seen enough of 
life fully to comprehend what education is or 
what it can do for them. If we lived in Utopia 
and could reconstruct education without regard 
either tt) its past evolution or its present condi- 
tion or the neetls of the practical world, the 
ideal i)lan might be for everyone to leave school 
at 1.5, and i)a:..n inh) a system where a part of 
the week was allotted to school, part to earning 
the living in some i>raclical occupation, the juo- 
portioiis of each varying with the intellectual 
.abilities of ibe i)upil and tlie demands of the 
subjects which he was studying. Such a con- 
tact with the practical world would both 
.sharpen the appreciation of the value and 
purpose of education, and, especially in the 
humanistic subjects, make their real meaning 
far more intelligible. Theory would he illu- 
minated by j»ractice and ])ractice by theory. 
At ])resent the two are nearly always divor- 
ced. We lead a life c)f action without thought; 
or we think in a vacuum, without contact 
with the realities and problems of the 
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wf)il(l. Nuitlicr form of isfilatioii i?; 
sjitisfnctorv. 

Tf wc can establish a coin])iilsorv part-time 
continnation system, which will carry Iheiii to 
IS, they (the pupils) will remain in contact 
with those subjects to the ruflinients of which 
their elenientarv education has introduced 
them, carrying them on to an aye when the 
mind is }»rowinjH; snfl'icieiitly mature to be.^in 
to at)])rcciate their value and .t»ras|) their 
meaniims. Onr next step, therefore, should 
be to retain those who leave school before 
the ai^e of IS under some educational control 
— not involvitm wholetime school attendance — 
to that aj^e. Then the adult education, which 
is indisi)ensable, sln^idd be^in. Its .yreat suc- 
cess in Rritain is the Workers’ iMlncational 
Association. In there were .so, ooo students 

in its classes. Xcccs.sarily it has left untouched 
the vast ma.ss of the poi)ulation. In Denmark 
thirty per cent of the small farmer and work- 
ina-class po])ulation attend voluntarily and 
in part at their own e\i)ense, the adult schoids, 
known as the Danish I'olk Hi^li Sclmols, 
where the course l.ists for some ^ moiith.s, 
and the ednc.ition is hnm.inistic in the sense 
that it is neither technical nor utilitarian. 'I'be 
Danes have been siicces'^fnl with the verv 
classes with which we h.a re failed —tho.se for 
whom the W. Iv A. docs nf)t provide. M'heir 
achievmnent is the measure of our failure ainl 
the indicat itui of what can be (h)ne. 'I'he Danes 
have .succe(‘ded because thev have a better 
uiiderstaiidinvi <^f the technique of the etlnca- 
tion of the aver.'ii*e man. We have taken t«u> 
narrow .and rivjid a view of it. hMueation nf 
the masses has heeii eoneei\ed as an esten 


sion r)f the c xistiii” higher e<lucation to the 
working man. I'or the majority it h.as been loo 
ac.nleinie, ln») ‘hinh-hrow'. T*)' nourish the j*ener- 

al, the million, we must enl.arye our conception 
of adult education. Music, <lrama, handicraft. 

ardeniii**. and many other suhjecls are a i»art 
of it no less than history, politics, science, 
and literature. Unt for the ordinary man, they 
innst he hroni^ht into connection with his out- 
look, interests, mind. h‘or adult education, to 
he snceessfid, therefore, the intellectual di^i^c.s- 
lion of the masses innst lx* stinlit'd. If scholars 
snilTdisdaiiifnlly at sncli |)opn1ari/.ati(>n, they 
should he reminded of the dream of St. Retcr 
at Jo]j])a. h'ollowin.t: the Danes, we must also 
make onr adult education more soci.al, for even 
in education man remains a soci.al animal. In 
contrast with Denmark, liritain will have to 
f.iee a h.anler task, for in a cf)nntry like the 
former which is essenti.illv a.ericidtnral, far- 
mers and small holders may esea))e frr)m work 
fora winter, w’h(‘reas in Ihit.iin which is an iii- 
dnstiial country the leisiin* is little for the 
workine.-man. 

The fntnri lies with aelnlt education, 'riie 
time, will prol)al)lv come when m.aii will relinii 
to the nni versilies in midlle life, to study sys- 
tenialicallv tlu* newer develo]>mcnts in their 
own ti(‘hl, to review .and revisi* their own 
attitudes ainl hahils of thought. Plato 

w. is the first to see th.al the work of edncalioii 
was not complete at the .a.ne of is or .?! hut 
must eonlinne in a svsti inatic, metlnxlieal form 
into lilt* life. 'I'his truth, like his doctrine t)f 
the essential eipialit)- of the seve.s for the wa)rk 
of tile State, slninheretl for.i;t»tten for more 
than .^oon ye.ars : t>r r.ilhta' we have slninheretl. 
It is tini‘* lo awakf. 



Agriculture 


Soil Science in the Twentieth 


Century 


— Prill llrnilrik. 


Til tile course of liis i)rcsi(leiilial address to 
llie Section of Ajfricultnre at the last session c»f 
the Iiritish Association, Professor J. Hendrik tra- 
ced the history of the nrowlh of soil science 
as an independent subject with special re- 
ference to Knj^daiid. ft is almost needless t<» 
say that soil forms the most im])ortant natural 
asset to man and as such has been regarded 
as vitally important by mankind from the 
be;* inn ill};* of liistory. An enormoiis mass of 
lore, my til, ritual an<l scientilic knowle<l;»e 
;»rew np aroniid the subject in j^reat complexity 
amon.i» the primitive as well as the civilized 
communities of the past, (ieniiine scientific 
re.searcli in soil science an<l a;^riciiltnre has 
ben nil recently. 


As far as Pritain is concerned, the founda- 
tion of kothamsted vStation neaily a century 
ano marks the beninnin.n of scientific research 
there. It was however a jirivate institution 
with a limited staff ami very restrictctl facili- 
ties for training .students. National anr'u'ultural 
education benan in a ha]ihazard manner in 1S9(), 
and provision for research was ma<le only in 
I 0 |(). 'Pile chief lines of investigations which 
were undertaken at first— perhaps becau.se it 
was the easiest and most obvious consisted 
of field experiments on the action of fertilizers 
on crops. Soil hy itself was however not yet 
re;jarded as a .subject for scientific study. vSome 
knowled;^e of the works of .soil scientists of the 
contiiu'iit and of IIil;^ard, Whitney, and Schrei- 
ner of r. %S. A. was however j.jradually reaching 
IvfiRland, but owin;*^ to the lin;>ui.stic and other 
barriers, the works of the ;»reat Russian soil 
scientists Dokuchaev, ( ilinka and (redroiz were 
luactically unknown before the war. 


'Pile most inij)ortant and valuable aj^eiicy in 
spreading among .soil scientists of the world a 
knowledge of one another’s work, and especially 


the work of the Ru.ssian.s, and thus vvidening; 
the outlook of all, is the International Society 
of Soil Science founded in Rome in 1921. It 
grew out of .some previous international con- 
ferences : first one in Pudapest in 1909, next one 
in Stockholm, the third one in 1922 at Prague 
and the fourth one was held in Rome in 1924, 
where the above mentioned Society was found- 
ed. 'Phe first International Congress f>f the 
vSociety was held in Washington in 1927 and 
was attended by delegates from many nations. 
The Russian scientists niaile a great impre.ssion 
at the Congre.ss and succeeded in converting 
many to their views which may be briefly sum- 
marized .as follows, (i) Soil should be regarded 
as an indei)cn(lent subject for study and not 
merely as i medium in which to grow crops or 
as a subsidiary branch of geolog y,chemistry etc. 
(ii) Soil is the natural product of a number of 
soil-forming factors of which the most imiior- 
tanl is climate .and that its nature is not deter- 
mined liy its geological origin. Their great 
primarv cla.ssification of soils is .into a nnml)er 
of climatic zone.s. They succeeded in showing 
that very difierent soils may he formed from the 
same rock in difTerent cliniate.s, and on the other 
hand, similar .soils may he formed from different 
rocks in similar climates, (iii) Soils should he 
classified according to what is found in the soil 
j»rofile. The jirofile is a .section of the .soil from 
the surface down to the parent material, and 
i^' found to consist of a nnmher of different 
layers. The profile is an expre.ssion of the 
results of the diffeient .soil-forming factors and 
therefore characterizes the different types of 
.soils as produced hy the action of the.se factors. 
In practice the cla.ssification of soils according 
to the profile studies involves great difTicnlty 
specially because genuine profile studies .should 
he made in undisturbed .soil (uncultivated) 
which is difficult to find in densely iiopnlated 
countrie.s. It is al.so difficult to distinguish 
between mnhnv and hnnmhirv profile.s. We are 
greatly indebted to the Ru.ssiaii School for 



Rivin« us a fresh start aiul new inetliocls of 
attack. 

Considering^ the iniimrtaiicc in soil forinatioii 
of water whicli passes throiif»li the soil, and of 
till* amount and nature of materials in solution 
and suspension which are washed away by such 
water, and the importance to soil fertility of the 
relation of the soil to water, and of the eco- 
nomic inii)ortance of drainage in cfumection 
with the loss of nitroj^en, lime etc, it is a matter 
of great surprise that more use is not made in 
soil studies of ilrain gauges and other similar 
instruments. 

Ill recent times, there has been a great 
advance in <mr knowledge of .soil etdioids. We 
know that two tyjies of eollnid eomidexes are 
found ill soil.s, one mineral ami tlu* other 
«)rganic. Tlie miiural eolloid sometimes known 


as tlie alumiiio-silicis complex is found in the 
clay portion, while the organic colloid known 
as the humus complex, is found in the ilc- 
composed vegetable matter or liuiiius. Our 
knowledge of these eolloids has i>rogressed a 
good deal and we now* know that the jirocess of 
ha.se exchange is a colloid phenomenon. The 
application fd the metho«ls of X-ray analy.sis 
has thrown much light on tin* structure of clay. 
Our knowledge of the chemistry of the linmiis 
is however still very far from satisfactory. 

In the early days of fertili/.er industry 
ICiiglatid occupied an important position, Imt 
then her imin)rtance dimiiii.shed. Heceiilly there 
has been a revival of this industry in ICiigland. 
Continuous research, s])ecially long-range and 
]>laniied n search is necessary if hhighind wants 
tf) occupy and maintain a leading position in 
this field. 




SUPPLEMENT— 

Indian Science Congress, 1937 


Hyderabad 

IVIolid* A. K. Khun 


Sititation, Arka, am> PnvsK'Ar. Im-ati rks 

At present tlie Xi/.:ini\s doiniiiions consist of 
the vStates of Hyderabad and Herar Hyderabad 
State may roughly l)e described to include the 
portion of tlie Deccan lyin« between l,S, 10' and 
20, 40' north latitude and 7-1, til' ami si, 3."/ cast 
longitude, with an area of about S27O0 square 
miles. It is for the most part a plateau with 
an average elevation of 1 250 ft above sea-level. 
There are siiininits of hills, however, nsinji in 
])laces to 2500 and even 35oo ft. 

The river (iodaveri flows aloii*; a part of its 
northern boundary and the 'riineabhadra a i)art 
of its southern boundary. ( leolo<»icall>- the 
country is foriiu'd niostlx of de\’eloped Deccan 
'I'rap with Archaean rocks in the north-west 
and .south-east. In several places the .soil is 
alluvial. I.,aterite is found in abundanci- 
in districts surroundinin tliecit> of Hyderabad. 
( f{)ndwairi rocks e\tt.*nd to .i distance of .?oo 
miles. 

Xew-coiiieis to Hyderabad are :^euerally im- 
]»re.ssed by the curious confooiralions of its 
boulders, often rest in.e in position^ sn,i4i'estin;4 
the intervention of .eiaiit hamls. 'Phis is diu* 
mainly to the action of roots of certain indij^eii- 
ous plants a.ssisted by tlur edi'cts of atmospheric 
denudation. 

Rich forests of teak and other valuable tim- 
ber trees abound in the north-eastern ami other 
parts of the country. 'I'here are several more 
or less natural lakes disper.se<l amongst the hills 
the largest of which is tlur Pakhal in Xar.sampet 
Talu^^a, extendiii}^ over an area of about 1.^ 
sipiare miles. 

The bulk of the rainfall is derived from the 
.south-west nu)ii.soon, which prevails fnnn June 
to September. 'I'he north-east mon.sooii which 
.sets in later (chiefly in October ami Xovember) 
also contributes much to Hyderabad rainfall, 
especially when the earlier monsoon fails to 


ctJine up to the usual mark. The sky is i 4 eneral- 
ly clear in winter though it may occasionally 
be shrouded in thick mists in the mornin.ns. 
Copious rainfalls often dissipate the heat of 
summer, accompanied usually by thunder and 
at times by hail-storms. 'Pile avera.qe rainfall 
may be taken as 2.s inches, tluiui*!! in some 
epochs it rises to as hi;*!! as 3.S inches. 'Pin' 



II. I\. II sir Mir Osin.iii .Mi KIimii i. c.s i., i-. , 

tlw Ni/.'iin Ilf 1 1 \ ili-i .-ili.nl .iml i:< r.ir 

.iveraj^e temperature is i‘sliniated at SI® 1*. Often 
in winter the thermometer «t)es down Ix-low 
5S® 1' ,iinl in summer rises to lo.'i® h' or more. 

IIriki' Hi.stokv 

'Pile history of Hy<lerabajl may be traced In 
])re-Aryan time.s. Dravidian culture of all aj»es 
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has left its mark on the topography of many 
a town and village in the country. Its many 
liill-forts, like of Devj^iri (modern Danlatabad), 
Idionj^ir and Golconda, and its temples at 
Waraiij^al, Bhadrachalani etc. bear testimony to 
the j»rcat influence wielded by the powerful 
Hindu Kingdoms of by-gone ages over the 
length and breadth of the country. 

In more recent times the Hahinani and Vijay- 
nagar Kingdoms rendered this part of India 
famous for its great achievements in arts, learn- 
ing and industries. As an outcome of constant 
interaction, both friendly and antagonistic. 
!)elween the two great Muslim and Hindu 


conda. After the downfall of Vijaynagar, there 
being no incentive to mutual support and co- 
operation these petty oif-shoots of the Bahmani 
Kingdom deteriorated one after another, each 
attaining for a time to a position of pre-emi- 
nence among themselves, and leaving imperish- 
able records of their well-developed culture in 
manuscripts, coins and sepulchral architecture. 

When the Moghal Rmpire rose to its zenith 
during the reign of Aurang/eb, one by one, 
these quasi'independent ‘Kingdoms’ were sub- 
jugated and brought under the direct control of 
Delhi. But the court intrigues and internecine 
wars that followed the death of Aurang/eb soon 



Tirjc Static Ijhkaky 


civilizations, a peculiar trait has developed in 
the character and general outlook of the ])eoples 
of this part of the Deccan, which diflers con- 
siderably from that of the jicoples of northern 
and southern India. 

The Bahmani Kingdom originated at the 
middle of the fourteenth century a.d., as a result 
of the slackening of the hold of the Afghan 
Kings of Delhi on their territories south of the 
Narbada. ('lUlliarga was first the seat of their 
government With the weakening of the central 
authority it broke up into smaller and more or 
le.ss independent princijialities, /•/;. those of 
Bedar, Berar, Ahmadnagar, Bijapur and Gol- 


redneed the power of Im])erial Delhi to a mere 
shadow, and it was then that the famous Nizani’ 
nl-Miilk, Asaf Jah the first, took over the 
Snbahdari of the Deccan and .saved this heritage 
of tile Great Moghal from ruinalion. 

By 1721 he became independent of Delhi and 
e.stabli.shed his rule not only over the si.x Snbhas 
of the Deccan but also the tract of country 
extending from the Tapti to the frontiers of 
Mysore and the Carnatic, right clown to Tri- 
chinopoly. After his death in 1748 there was 
a rush among his sons and grandson to seize 
the supreme power, which involved the inter- 
vention of the French and Knglish forces tha 
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had obtained by this lime a firm foot-liold on 
rndian soil. 

The struj»^j*;les ended in the accession of 
Nizam Ali Khan to tlie throne of Hyderabad 
(1761) -the first ruler to assume the title of Ni- 
zam. He entered into several treaties with the 
Hast India Company through the (iovernor- 
Ocneral of India, of which the most important 
one is that of 1802. It was durin }4 his rule that 
the Paii^ah Amirs were invested with ja«irs 
and the special privilej^e of jirotectinj* the 
])er.son of the Nizam and the State with effi- 
cient armie.s. 

Sikandar Jail .succeeded Nizam Ali Khan in 
1803, and ruled till 1829. It was in his time 
that the question of maintenance of the contin- 
j*ent and the assignment of Herar — which later 
assumed an imixirtant forensic aspect first 
crojiped up. Then followed in succession Nasir- 
ud-Daulah (1829-1857), Afzal-ud-I)aulah (1857- 
1869) and Mir Mahbub Ali Khan (1881-1911). 

During all this jieriod the Nizams remained 
staunch friends and allies of the Hritish. The 
Sepoy Mutiny of 1857 did not extend to the 
Nizam’s Dominions. His armies gave a helpingf 
hand to the Hriti.sh Government to (|uell the 
mutiny. In recognition of the .support received 
from the Nizam in men, money and sympathy, 
the Hriti.sh Crown has de.sigiiated him as a 
faithful ally. 

Admin i.STKATioN 

Durintf the reign of Nizam Ali Khan the 
whole State was divided into Khalsa, Paigah, 
Jagir and Sarf-e-Khas. Hut there was no sepa- 
rate department of Revenue. Daiid was given 
away on contract to men called Talmidars and 
the State expen.ses were met by proceeds obta- 
ined therefrom. The village with its hereditary 
offiicers called Patels and Patwaris jdayed an 
important part in the revenue collection. 

The Nizam enjoyed absolute sovereignity of 
the State and the government of the country was 
based more or less on the lines of the Imperial 
Court of Delhi. During the latter part of Nasir- 
ud-Daula’s reign the Taluqdars with fiixed sala- 
ries (and a regular staff of subordinate officers) 


were appointed by the government, and the 
system of revenue farming was abolished. 

The late Nizam, Nawab Mir Mahbub Ali 
Khan, introduced wholesale reforms in the 
entire .atlministration, bringing it more or Ic.ss 
into coincidence with the system ])revailiiig in 
Hritish India. The Cabinet (’ouncil, the Legis- 
lative Council, and the method of government 
through a Prime-minister and A.ssistant mini.s- 
ter.s, in charge of various department.s, were 
established. Inspite of the complications cau- 
.sed by the famine of isys, the finauces of the 
State rapidly improved through judicious eco- 
nomy and watchful supervision. The cash de- 
posits and securities which amounted to one 
crore and 30 lakhs in 1901 rose to 5 crores in 
1910. 

The ( lolden Age of Hyderabad synchronized 
with the accc.ssion (in 191 1) of the ])resent ruler. 
His Ivxalted Highne.ss the Nizam of Hyderabad 
.and Herar, Nawab Mir Osman Ali Khan Hahadur 
G.C.S.I., (LC.H.K. In the Great War of 1914-1918 
the State heroically came forward with its 
abundant resources and took a most prominent 
part in the helj) given by Princely India to bring 
the war to a .successful i.ssue. On 17th Novem- 
ber, 1919 H.K.H. sanctioned the New Constitu- 
tion which entrusts the government of the 
country to the l^.xecutive Council, at present 
consisting of the Sadr-e-Azam as Pre.sident and 
six members each in charge of the main dei)art- 
meiits of iMiiance, Law, Military, Revenue, 
Politics, and Public Works. 

The Legislative Council had already acqui- 
red wide powers of legislation under the Legis- 
lative Council Act of 1900. It was reformed later 
and consists now of President, a Vice-jiresidciil 
and 19 members, two of wJioni are extra-ordi- 
nary. The President of the Executive Council 
is also the President of the Legislative Council, 
and the minister in charge of the department is 
the Vice-president. Of the nienilHUS, 1 1 are offi- 
cial, 3 of whom viz. the Chief Justice, the Judicial 
Secretary and tlic Legal Adviser to H.JvH. the 
Nizam’s Government (who is also the vSecretary 
of the Council) being Ex-officio. The reniain- 
ing six members arc non-onicial of whom two 
arc returned by Jagirdars of certain .standing. 



two from tlic Court liar elected from 

among: the members of the Bar Association and 
two nominated by the President - one from each 
of the Paigahs in turn and tlic otlier from the 
general public. The term of membership is 
two years, members being eligible for re-elec- 
tion or re-nomination. The High Court with a 
number of Lower Courts of Justice umler it'-- 
located both in the city and the di.stricts— has 
been granted a Charter defiiiiiig its powers and 
])Osition in the scheme of vState ('lovernment. It 
got further powers when the IIig:h Court Act 
was passed by the State Legislature. A number 
of reforms have been introduced into the State 
Judiciary ba.scd on the Report of the Civil 
Justice Committee appointed by Lord Reading. 
Hy far the most important reform which gives 
Hyderabad a lead in Indian Administration is 
the sepantf/ftH o/ Jmh'rinI front Krrrnlirv 
ftntrfiotts. 

Appointments to gazetted posts in civil dc* 
l)artments are made from candidates that have 
passed sticce.ssfully from the Hyderabad Civil 
Service Clas.s, admi.ssion to which takes 
place on the result of an open competitive 
examination. 

The New Municipal Act i)a.s.sed in 1931 has 
made the City Municipal Board a more demo- 
cratic institution, representative of the inter- 
ests of various .sections amongst the citizens of 
Hyderabad. As at prc.sent constituted, it is pre- 
sided over by a commissioner under the Politi- 
cal ^lember and consists of 36 members includ- 
ing the \’ ice- president elected annually by 
members from among themselves. 13 members 
(of whom one is a Parsi, one a Christian and 
one a representative of Harijans ) are 
nominated by the (lOvernment. One member 
is returned by the Sarf-e-Klias, three by the Pai- 
gahs, one by the Salar Jung iCstate, one by the 
Maharaja Krislien Persliad Ivstate, two by the 
Jagirdar.s, one by the graduates and one by the 
mercantile class. The remaining 13 are elected 
from the thirteen wards into which the city has 
been divided. The term of oHice of the elected 
and nominated members is 3 years. 

Controlled by the Revenue Secretariat there, 
is a District Board at the head-<iuarler.s of each 


district, and a Taluq Board at the head-quarters 
of each taluq, that arc in charge of the Local 
Funds collected in the districts and villages 
re.sj)cctively. Membershi]) to these boards is 
provided i)artly by election and i)artlv by nomi- 
nation. 

At'.Ricn.TruK .wo Ikui<..\tion 

Agriculture forms the principal means of 
snbsi.stence in the country, ('fovernment ex- 
perimental farms have been established under 
the Agricultural Department at Himayat Sagar, 
Parbhani and elsewhere to flenionstrate .scienti- 
fic methods of crop culture, animal husbandry 
and i)Oultry breeding etc. Rural uplift work is 
financed bv the (lOvernment Industrial Trust 
I'und. 

In the field of irrigation the State has achie- 
ved a marked success. Dams accro.ss the 'rivers 
Mu.si and Jsi have not only .safeguarded the 
city of Hyderabad from the danger of future 
llood.s, they have furnished almost unfailing 
.sources of water supply to the capital and its 
outlying districts, in the reservoirs of Osman 
Sagar and Himayat Sagar. Leaving aside 
the minor projects whose number is large, 
mention may be made of the great re.servoir in 
Nizaniabad, called Nizam Sagar, which has a 
dam across the Moujera river 7J6() feet long, 
111 feet high .and a capacity of .about 26000 
million cubic feet. Its waters will irrigate vast 
tracts of land under siig.ar-c.aiie .and other crop- 
cultivation. 

Co-operati\ c movement is sprc.adiiig far and 
wide into the country. There is one Doniiiiion 
Co-operative Bank and one Central Co-ojiera- 
live Union Bank with a number of other Central 
B.anks which have done a lot to save the agri- 
culturists (and others) from the clutches of usu- 
rious money-lenders. 

The condition of the land-cultivators is on 
the whole very satisfactory ; their farms are 
reported to be less encumbered with debts than 
tho.se ill other jiarts of India. 

Fi.nancks .\ni) Dkvki.ormknt 

During the reign of the pre.seiit Nizam, in 
spite of general economic dcpre.ssion all over 
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India, the i'lnnnccs of Ilyderahad have main- 
tained a perfect stability. Without increase in 
taxation, without retreiichiiiciit and inspite of 
lieavy rcinissions of land revenue and the carry- 
in** on of }>reat iirojects of economic develop- 
ment, (like purchase o[ railways and railway 
buses etc.) the State lias been able to show an 
animal snrtiliis over exiu'iiditure in its binli*et 
reiiorts. During the last decade tlie revenue 
has steadily increa.sed from about 7A crores to 
SA crores per aim inn. 

Industries are .gradually making* headway 
under the scheme of j^overmneiit loans from the 
Industrial Trust I'und. 'I'he Ct»ttaj|e Intliis- 
tries Institute at Mnshirabad is showing* 
>»ood ])roj*ress. 'I'lie eij^arette factor v in tlu* 
same locality, which is owned by a private 
company is in a very flonrishiim comlition. 
Mention may be made of the Koh-e-noor jilass 
factory at Aiuirpet, the button factory in the 
city, the soap factory, the distillery, the Taj 
brick works etc. all private concerns and in 
fairly i>ood condition. 

The Cement Company at ,Sh;diabad is a 
hij^hly jirofitable business, (lood cloth is in;inii- 
factured at the Osman vSliabi ainl Ajain Jalii 
mills. 

'Pile Slate possesses four coal mines, those 
of Sinj»areni, Tandiir, Kanala and Sasti, and 
Paoiii. Ill 1932 the total output of cei.d from 
these collieries ainoiinted to 7.!7.3^•7 tons. The 
old diamond mines and }rohl mines are no luimer 
workable. Ihit the ijuarryini* »)f Sbaliabad 
stones and marble is found very ])rolUable ami 
fetches a i^ood royalty. 

Ci*:Nsrs .\.M> ]*^rn.\<)i.o«;v {l9.ii) 

At the last census (1931) tlie population of 
the State was found to be I 1,130,1*18. Ilindus 
(coiiiprisin$.r mainly tlie Tele^us, Maliraltas ami 
Canaresc) form the majority. Next in miinerieal 
order come Mu.s.salinan.s. Indian Christians 
constitute a lar}*e iminber. There is a .spriiik- 
liuR of Parsis in the bij^yer towns. Jains thick 
ill great numbers at the biisino.ss centre.s. The 
Sikh (lurdhwara at Naiider attracts a number 
of ])ilgriins every year and several arc in i>er- 
maiieiit residence there and elsewhere. 


With the rapid spread (d’ education illiteracy 
among: the poor ela.sses is hist diininisliing. 
Though the chief vernaculars are 'IVlegn. Mah- 
ralti ami Canaresc in ihe Andhra Maliratt.a ami 
Canara disliicls, nrdn tlu* Stale language 
is understood and s|>ok(‘n bv prai’lic.all v e\ery 
inb.ibit.'int of llvder.'ibad unless he belongs 
to .some of the aliorigiii.il tribes that Ie;id a 
senii-wild life in the jungles. Some of the 
keenest scholars of I rdii and Persian are to be 
lonnd among tlu* members of the Hindu coin- 
mnnity of 1 1 vderabad. 

1‘jn iw'i n »\ 

In no dej>artment has the country shown 
such marked progress during the past 2.3 yi*ars 
as in education, tln>ngh every de|)artnient lia.s 
eontribnted its full share to the general pro.s- 
peritv of Hyderabad. Since 19 1 1 the sum spent 
<m ednealion has risen frt>m 11 lakhs to over 
1 crore 3 lakhs. The following' table gives an 
idea ( f the present state of education in its 
various as fleets 

Pkimauv ICin c.vrioN 

d)9| I*rimarv vSdiools for hoys and 971 
for girls. 

Ski;om».\kv ICm r.xTK in 

I’raetic.'diy ;dl llie big ami small towns 
in the Dominions are firovided with 
.secondary scliools. 'I'heir present nnin- 
ber is ISl, witli 9S, .SI3 scliol.irs. 

(In tlie city of IlvcU-rabad there are .several 
High vSchools the mo.st imiiortant of which are 
the City Collegiate H. S ami the Chadergliat 
High School for hoys and X.impalli Collegiate 
H. S. and the Mahhiihia Seho»)l for girls. The 
strengtlus of these schools are I2.S1, 1131, .35.3 and 
34.3 resiieetively). 'riiere are 5l) hoarding houses 
in the Dominions ami the scheme for a few 
more is under consideration. 

T J.\ I VI-: Ksrr V H 1 1 r c.vtion 

The Osm.'ini.i I'liiversity (which will he 
discn.ssed under a si'fiarate heading) and 
the Xi/.ain College. The latter institu- 
tion is alhliated to tlie rniversity of 
Madr.'is and has a line lahor.iioi y and a 
Idhrary. 



('riie iVIadrasa-e-alya School is of even 

an older standinj*- than the Nizam Collcije) 
with which it is connected. Some of the hijjhest 
officers of the Stale have been old boys of this 
Hijfh School). 

1'K M AI.K K I > I ’CAT I ON 

The ex])enditure on this head amounts 
to Rs S':), 227 per annum. For the 
conveiiiencr of pardah }*irls es]>ccially, 
the State has arranged for conveyances 
in all the (iirls* School.s. 

Tr A I NiN(; Institction.s 

M for the trainiii}^ of Primary matricula- 
tes ami Intermediate teachers. In these 
schools nrclii, Tele)|u, Marathi and Can- 
arese are the media of instruction. 5 are 
for trainiui* of men teachers and A for 
women. 

iNDrSTRlAl. Traim\(; 

In towns wliere indigenous industries 
like himree weavinj*, bidri work, silk 
industry etc. flourish the vStatc has 
opcnetl industrial schools for the trai- 
nin«f of aspirinjr artisan.s. 

Aih’LT Kdccation 

To fij>ht illiteracy AS schools have been 
established in the city of Hyderabad 
and the districts. At present 1531 adults 
are readiiiR in tliem. 

DKPR KSSKl ) C LASS I C I.) i; CAT I ( )N 

Over 100 schools with m-arly 4000 
students. 

Physical ICi)i:c:.\tton 

This has been made comi)ul.sory in 
every school. I 'or the traininj^’ of tea- 
chers in this liraiich of education a 
collcL^c has been started in the capital. 

Ticc H X o T.< )( i ic A L K n u c A r i ox 

Central Technical Institute ecpiipped 
with workshop ai)p]iaiices etc. 

A college has been estal^lished for the es])e- 
cial education of the sons of Jajjirdars. It is 
located at Re<*:umpet and has 192 students in 
residence at its preniise.s, which command an 


] 

iniposini^ view and are noted for their fine 
I^anie fields. 

The State has been ^iviiii^ .scholarships and 
loans muiiiflciently to boys and j^irls for hijjher 
education in foreij^n countric.s, especially Knj^- 
laiid. As a result of this, there are perhaps more 
men with Kiiropean dejfrees and diplomas to 
be met within Hyderabad than in any other 
city in Asia of its size. 

Thk Osmania Univkrsitv 

As is well known, the medium of instruction 
at this University is Urdu, the comnion lan- 
RfuaRe of the country. It w'as established by a 
Charter in I9IS. Till 1934 all its main collcLa^s 
and institutions worked in rented buildiiiR^s in 
a suburb of the city. There the University 
Collejfc built up its classc.s in the I'aculties of 
Arts, Science, Theolojjy and Law from Inter- 
mediate to Post-jfraduate and Re.search stan- 
dards. When the University was transferred 
to its new buildings at Adikmct (covering an 
area of 1 tOO acres of land) it had already over 
700 students in the University College alone. 
With much greater facilities for exiiansion, its 
va.st stretch of building.s, well-eciuipped labora- 
torie.s, fine library, commodious hotels and 
extensive play-grounds, it bids fair to become 
one of the most important centres of learning 
in the Hast. There has already been a marked 
increa.se in the number of its students and its 
activities. 

It comprises at ]>resent the following units :- 
University Colkge, Medical College, Knginccr- 
ing College, Training College, Women’s College 
and the Intermediate Colleges in the city., 
Aurangabad, Warangal, and (Uilbargh ; besides 
the Translation Ilureau, the University Pres.s, 
the Nizaiiiiah Ob.servatory and the Registrar’s 
Office. All the above institutioiLS, e.xcept the 
Medical, the Training, the Women’s and the 
Intermediate Colleges and the Nizamiah Obser- 
vatory are located at Adikmet. 

The Observatory is situated at Begum pet. 
Its princii)al ecpupnient consists of 2 Equatorial 
telescopes, one 8 inch photographic and the 
other is a 15 inch visual refractor, besides 2 
Milne-Shaw Seismographs and apparatus for 
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nieteorolo«:ical observations. The Translation 
Hureau is entrusted with the supervision of 
translation and compilation of Text books etc. 
for the use of the University. 

The Dairal-ul-Maarif where rare Arabic 
nianuscripts are edited and published is an 
endowed fiovernnient institution under the 
control of the l^niversity. 

AkClIAKOUUVY 

The country is rich in relics of by-«onc a}»es. 
The world famous caves of Kllora and Ajanta 
need no introduction. Liberal grants have been 
made by the State for the restoration and main- 
tenance of these famous nionumeiits. The sum 
allotted to the department in 1932 aiiioiiiited to 
well over 2 lakh.s. The Guide to Ajanta I're.s- 
coe and Hyderabad Slate — a Souvenir fully 
describe these caves and may be j)nrcha.sed from 
the museum recently opeiicd in the Public 
Gardens. Here, amoiij; other intere.stiii}» objects 
one may see many flint tools of the Slone A«e ; 
pottery and fra}»nients of iron implements di.s- 
covered in Pre-historic j»rave.s. 

Pkincii'AI. Citiic.s 

Next in importance to the capital city, c<iine 
Auranj^abad nnidered fainons by its a.ssociatioii 
with Anranj»/.eb and the early inlers of As.if 
Jail dynasty, Waraiikal, with its far-famed 
temi)le of 100(‘» columns, Gnlbarj»ali, the liea«l- 
ijuartevs of the nahmani kingdom, P»i»lar, with 
its tombs of Ikirid Slialii Rin^s and modern 
artistic metal work. Anion smaller towns of 
importance may be meiitioiied Pilion|L;ir, Xi/a- 
mabad, Latur, Jalna, Mahbubnaj 4 ar etc. 

Toror.KAiMiY OK TiiK City ok lIvoKKiiAn 

This city was known as Hhakyati*'i.i^‘'0' the 

days of the Outiib vShalii Kilims. With the ac* 
ce.ssion of the Asaf Jah dyiiastv it rose raj»idly 
into iini>orlance ami sotin outj^rew the conimi*s 
of its heavy stone-built walls. The Char Minar 
and ^lecca ]\Ios<iue at the centre of the city are 
ini])osin}»f moiinments. The Kinj^ Kotlii, the 
resiflence cf 11. IC. H. the present Ni/.ani and tin* 
Kalak Nmna Palace where distinkiii''li^’‘^ jjue.sts 
of Vicere^ral and royal rank, are entertained in 
residence, iire imble bnildinji's. IT. H. the Prince 


Azam Jah of licrar (the Heir- Apparent) resides 
at the Hella-\’ista Palace at Somajijriira and 
Wala Shan Prince ^^oazzam Jah at his palace 
Naubat Pahar overlooking the h'ateh Maidan. 

The palaces of the nobles and the rajahs of 
Hyderabacl coni])iiie modern comforts with old- 
world .elory. I’ernii.ssion may be obtained to 
viisl some of them. 

The re-bnihlinj* of Hy(h*rabad after the 
floods of 1 90S (which commenced with theaiipo- 
intment of the city Improvement Hoard) has 
now furnished the left bank of the river with 
beautiful wardens. The (Tsmania Hospital, 
the Slate I.,ibrary, the Iliiji Court and the City 
Intermediate ctilh'j^e are impressive buildings 
located on either side of the river. 

The Town Hall, the Public (iardens, the 
Mint (where the State's own coins of kold, silver, 
nickel and copper are uttered and its own postal 
stamps are printed); llu* finance and other 
(fovernmeiit olllce btiihlinj^s and ,Saifabad add 
•to the pictures(|ueni‘.ss of the city, which with its 
miles of cement roails, electric lij»hlin}^, drainak^e 
schemes, and anti-plague, anti-malaria catn]>a- 
ij^ns, is not only one of the finest in India, but 
also one of llu* healthii‘st to live in. 

.\ speci.'il feature of Hytlerabad is its fine 
.aerodrome .and landing i» rounds for aeroplanes 
at He.eumpet where tin* foundation stone of the 
,air port baihlin:.^ vv.as lai«l recently by Her 
Hij^huess, tlu* Princess I )ur-e-Shah war f»f Herar. 

One should pay a visit to the historic fort of 
( M)lconda, the tombs of the (Jiitiib vShahi Kiuj^.s 
and the lakes of Mir Alam and Iln.sain Sagar 
which are verv close to the city. 

C< iNc i.nuNO, Kkmakks 

Hyderab.ad State has played a very inii>orlant 
]).art ill wt'hlin.e the Ary.an ami Muslim north of 
with Dravidiaii south. Hy<lerab;id culture is 
as .1 hapi»y combination of Mo}»hal and Indo- 
ICn”lisli traits. 'Plie liberal policy of the house 
of A.saf Jah and the ndi.t'ions and economic tc- 
lereiice which jieoples of evei v caste, colour or 
creed enjoy in the state, h.iVe built up a nationa- 
litv that bi«ls fair to extend all over India 
and thus brir.-* about a real unilicatioii of its 
teeniin ;4 million.s. 
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Intkodi.'ction 

I takf it no ai)olo<iy is iieodod in tliesp days 
for talking about any aspect of ‘villa.tjc and 
villaj^c life’. The city and the town which 
were holdin<> a complete thraldom over 
the public mind all these years are losiiij* 
their glamour .somewhat in spile of llu.ir ad- 
mittedly alluring attra<*tions ; ainl the ‘villa«:e' 
would appear to be I'ettin.vf increasing recogni- 
tion, iiarticularly in our country and in recent 
times. 

I proiu)se to s])eak to you to-night under the 
caption ‘'I'he Indian X'illage -Us past, i»resent 
and future’. You might perhaps <|uestion my 
claim to spi*ak on this subject as all my othcial 
life ainl thought for the last (|iiarter of a century 
has been linkid up almost entirely with sugar 
cane. Ihil this \ erv work has often taken me 
to the countryside in various part'^ of India 
and my contact with the Indian village has 
been fairlv iiitimale. While at my special work 
I had perforci* to witiu’ss the pljasnres and 
tragedies of the villager ami watch the changes 
that are sti*adil\ coming over the village. 
Secomlly, most of ns in this agiieultural land 
of ours -liavi- come from villages and are in fair 
c.<uitact with village life either <lirectly or 
through our kith and kin. 

Due easily noticed changi*, in the village, is 
the migration of the villagers to the town. The 
richer of the villagers show a tendency to shift 
them.selves to the nearest town or city for the 
education of their children, for better medical 
help or for the characteristic aiiUMiities associ- 
ated with tir))aii life. Sec(.mlly , t he more intellec- 
tual <if the younger generation, who fir.st 
migrate to tlu* towns for their studies nr to .seek 
employment, <lo not generally retiini to the 
village, hut settle in some town which they 
find more congenial for the full scoi»c of their 
talents. If they do pay a visit to the village 
it is cither to .see an old relative who is loo 


conservative to move to the town or in connec- 
tion with some matter which renders their 
presence in the village unavoidable. Such 
vi.sils arc made of as short duration as possible 
and they get hack to the town with almost a 
sense of relief. 

«)!• IniiIA with kl-:KKUKNeK TO 

vSpack and Timiv 

Hnt before getting into the subject proi)er 
it is iiece.ssary to record here a few general 
oh.servations on the ]>osilion of our country 
with regard to both si)ace and time view-points. 
With China, Japan and the South Kastern 
islamls, India is silnated in a comi)aratively 
den.sely )>opnlate(l area of the globe about 
half the pojmlation of the world being crovvde<l 
into a tenth ol the Uarth’s land region. This 
has ha<l its idVects on the type of agriculture 
praeli.sed in the ct)nntrv', the selection of crop 
for cultivation, and tin* life of the pcopK- ;js a 
whole. 

Seci>ndly, along again with China, India 
j)os.ses.ses a civ ili/.alion and culture which was 
at lea.st contem])oraneoiis with, if not antecedent 
to, the civilizations of lygypt, Me.soi)()tainia, 
(ireece, and Rome. After making considerable 
)m)grc.ss this ci vlli/ation has, however, reinain- 
i-d in a more or less (|niescent aiul jielrified 
slatf in onr villages for well nigh two to three 
thon.sand years little inllnenced by the great 
])rog:e.ss made by the West during the latter 
])art of the .same period. It is only within coin- 
])arativi*ly recent limes that the Western civi- 
lization has come to spread into ami influence 
coniitrvside. In more senses than om* the 
Indian town represents the dynamic West with 
all the vigour of youth and the village the 
comparatively tpiiesceiit Hast. Certain of the 
problems of the village to be di.scu.s.sed here- 
after will he found traceable to the inevitable 
contact between the two. 



Aryan Colonization ok India and 
Tvi'ksok Vfm.a(;ks 

111 early times there were two chief passages 
into India —one on the north-east through 
Assam and Ilenjfal and the second on the north- 
west into the Indus region. The Aryans, who 
enten'd the country throiiLdi tlie north-west 
route, first occupied the Indus valley and the 
Punjal) plains and later spread to the east of 
the Jumna as far as the Saraswathi. Snhse- 
qucntly they s])read into Ileiijial and from there 
would appear to have sent out expeditions by 
sea to Ihirnia, Ceylon and Java. The Vindhya 
ranges and the Aravalli hills Ioiir acted as an 
eflective harrier ajjainst lar^e movements south- 
wards into the Deccan and South India. The 
country to the south of these ran>»es ri'inaiiied 
for loiiR Dravidian, though increasiii.uly in- 
finenced by Aryan culture from the north. 

The Ryotivari villatje The new Aryan 
colonists naturally foiiml plenty of land to settle 
in and the obvious advantaj»es of j>ronp forma- 
tion bronjrht into beinj* twv) main tyties <»f 
villages. One was the type similar to what is 
now termed ‘ryotwari’ where each family or 
j*ronp of persons took up as inueh land as they 
could cultivate depending on the number of 
cattle ainl able-bodied men in the unit. Site for 
the villai»(* wa.s chosen at some convenient spot 
such as the bank of a river or canal or j'mxi- 
mity to other sources of watn* supply. The 
persons ennstitutiuR the villaj^e chose a Head- 
man who exercised all powers on behalf of the 
whole community. Thi.s type of villai'e was 
;»enerally a.s.sociated with peaceful conditions. 

Joint villaye — The other type c.illed ‘Joint 
Village’ by Iladen Powell was founded by 
powerful families or clans not necessarily agri- 
culturist.s. The govcriinient of .such villages 
was by the well-known Panchayat system and 
occasionally a group of such villages belonged to 
the same clan or owed some kind of allegiance 
to the .same warrior chieftain in return for the 
protection they enjoyed at his hands. In these 
villages the cultivating clas.scs were sometimes 
in the position of tenants. ‘Kyotwari’ villages 
.sometimes got converted into ‘Joint X’illages’ 
through coiKiuest by some warrior chieftain. 


Indian Viij.ack: in thk Pa.s'i* 

\ ariotis books, such ns the Arthasasthra of 
Chaiiakya (before .lou H.C.), the Snkranithi and 
the Snirithies of Mann as well as inscriptions 
unearthed in recent limes, give us a fairly clear 
picture of the organi/ation and government of 
the village and its institutions in ancient times. 
Hie Agam.'is and the architectural books of 
South India contain references to the plan and 
lay-out of the village; the temiile which formed 
an e.s.seiitial unit in the lay-out innuencing and 
being inllnenced by the village plan. The 
vill.ages ol South Iiidi.i would appear to have 
attained a high degree of perfection absolutely 
unatTected by Aryan intluence from the north, 
.so much .so that certain authorities hold that 
some of the Aryan vilhigi* institutions were 
copies of the Dravidian. The basic jdans as 
revealed in these villages existing to this dav 
deserve the careful attention of jiersons engaged 
in town idaiming and rural reconstruction. The 
Maiiasara (2.5 A.D.) describes in great detail the 
lav-oiit plans of village.s, towns and forts as 
w<*ll as the ground ]>lan and elevation of hou.ses, 
pal.aces, and buildings for common u.se like 
public halls and the theatre. 

The, Headman The Headman was an im- 
portant ollicer in village government. Ili.s 
olhc * was heredit.iry and apparently a vestige 
of the ancient village chief. He was remune- 
rated by grant of inalienable right to certain 
lainls and later by being allowed to collect and 
utilize certain taxes from the villagers. He 
was entitled to collect annually, for instance, 
two shoes from every shoe-maker, two cloths 
from the we.aver, I't betel leaves (per day) from 
the betel leaf vender and a cash moiety from 
the shop-keei>er. He was Oramani or King of 
the village. 

The Village I'anchayal The Headman 
wa.s a.ssisted and later on eirectively controlled 
by the vill.ige Panchayat. Thi.s was a Council 
of Elders, not elected, and more or less self- 
constituteil from the ehlers of the village 
who n.aturally and easily commanded the res- 
pect of the villagers. Justice was disiieii.sed 
in the village temple and an oath before 
the local deity was potent in preventing 



Itursons from hearing false witness. The 
Pancliayalclars also knew the parties almost 
personally ami were thus able to disjicn.se 
quicker justice. 'I'hc Paiichayat admiiiislered 
the village funds and thus coiiiina tided faci- 
lities for cateriii}^ to village needs. Even 
after the Iiiitish came into possession, 2J per 
cent of the collection was ^^iven hack to the 
villaj^es (»ver portions of llie IMaharashtra 
country. 

An AnUmomouR The village was 

practically autonomous and otice the tax from 
the village as a whole was paid it had little 
to do with the Central ( •overnmeiit and was 
not afTecled by clian}»e of dynasties. Eater 
on, however, when during the troublous times 
followinj^ the downfall of the Moj^htil Kmpire 
war> were carried into the villages as well, 
they naturally had a .share of the.se trouble.s. 
In later times larj^cr jiolitical units came in- 
to existence having overlonl.ship over groups 
of villa«es, lhon«h even then each individual 
village exerci.sed a <»reat deal of self-govern- 
ment in matters pertainiii^i' to the villaj»e. It 
is interesting to learn that during Chamlra- 
«upta’s times (320 B. C.) there was a perma- 
nent organization for taking census. 

Taxes for common ?7.eefi.s- The village 
«overnnient was carried on in a brotherly 
informal way, the opinion of the ehlers carry- 
ing much farther than now. Taxes were levied 
for communal purposes as distinct from tho.se 
by the hauperor ; and there was a common 
village fund which entertained the village 
giu sts, provided for the indigent and arranged 
for recreations, sln)ws and i)erforniance of 
acrobatic and jugglery feats. The temj)le, the 
village tank, the guest house, as well as other 
public utility concerns had a claim on this 
common fund. The central governineiit helped 
in ca.ses where works of coiimion utility were 
beyond the capacities of the village. This 
heli> was given either by the waiving of cer- 
tain imperial ta.xes or by contributions in 
kind. The tax was sometimes levied in the 
form of nianual labour and this is responsible 
for the huge and elaborate temples found in 
the .south of India, .some of them containing 


priceless treasures of sculptural and other arts. 
Occasionally also loans were raised by mort- 
gaging the revenues of the village for definite 
periods. 

Village life There was not much sanita- 
tiem ill the modern sense of the word and no 
scavenging. The Arlha.sasthra lavs down a 
space five cubits wide behind each house 
apparently as a sanitary lane. Regular sweep- 
ing of the village streets was not common and 
the watchman who was responsible for sanita- 
tion thought his duty done when he imlled 
;iiiy carca.s.ses out of the street.s. Disea.ses were 
naturally few on account of the healthier open 
life and there was no organized medical relief, 
though there is a record of such measures 
during .V.soka's time. The kitchen store cem- 
tained most p'(|nisites for common ailments 
and the elder generally knew a few simple 
remedies from experience. 'I'he .science of 
healing wa.s, however, well advanced for the 
the!i conditions and comparatively cheap being 
based on easily available herbs and both me- 
tallic and organic compounds. Certain of its 
achievements have won occasional atlmiration 
from the highlv advanced sa\ants of tin* 
modern age. 

Lay-out of the Village — The streets were 
broad. The Arthasasthra prc.scribes a width 
of 10 cubits for the main street.s which were 
shapetl like the ‘back f>f the tortoisi*' to 
facilitate drainage. iCach caste which imrsued 
its own profi‘.'‘sion lived in separate parts of 
the village and it was surrounded by a com- 
mon .and free grazing grouml. The land during 
the Hindu period ilid not belong to the King 
but to the people who occnjiied it ; hence, per- 
hap.s, the traditional and great attachment U) 
landed property which still exists. 

Thr. rrofesslons -XvAch village had a cla.ss 
of artisans who were hereditary and being noii- 
cnltivating were given definite shares of grain 
at harvest. In return for this the farmer was 
entitled to the services of the arti.sans both 
for his household and .agricnltural iieed.s. 
Whereas profc.ssions like that of the carpen- 
ter, the smith, the wa.sherman, and the barber 
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were definitely reroj^nized and pnu idod for in 
the village organization, the village Teacher 
was not in this catej^ory as literacy was not 
considered a coinniiinal need. Most villages 
had, however, a school Peaclier who was main- 
tained by voluntary presents from the jiarents 
of the children attending; his school. Durinii 
marriage and other ini]H)rtant occasions, the 
householder thon«ht it a privilege and honour 
to feast the Teacher and his whole band of 
students. 

'rill*; (iki;.\r Cii.x.Na.i-; i.\ riii-: X'hj.aio*: 

Self-contained and Isohded in tdden tinted 
I o realize fully the present coiiditifni of tlu* 
Indian villaj^e and understand its problems it 
is necessary to brielly notice here* tlu- chan^^es 
that are coming o\er it and the reasons f(»r 
that chanj^e. 'I'he Indian \illa.ee of ancient 
times was practicallv a self-contained, self- 
«overniiiK nnit, haviii).; but little contact with 
the outside world. It j^rew all the crops re 
Muired to iiU‘el all its simple nee«ls and the 
surplus of ko^nl years was sl.ore<l in the \illaj.:i‘ 
granaries as a provision a.naiiist future unfavou- 
rable .seasons. The peo])le of the vill.ijre lived 
like the members of a bi^ family under the 
accepted lea«lership of the villa.ee elders — the 
Paiicliayatdais. band was j)leiitv, needs few 
and there was a inreat deal of contentment. 'I'he 
villaj»er\s outlook and knowle» ^e were limited, 
rarely e.xtendiii.e beyond the coniines of bis 
own village and the villa.eer's life ran ;ni even 
course fn.Mii day to day. 'fliis had been the 
condition for well ni.i»li two to three thou.saiid 
years. 

Drawn into world current Dniiii.e the same 
]K*rio<l the West, on the otlu r haiul, was ra- 
l)idly evolviu}:: itself from a condition even 
more primitive than that of the Indian \ illa.i^e 
to that of inodern times. X’arious inventions 
and discoverii's had enabled man t«) .i,'ain 
partial mastery over liis environment and bcUli 
time and si>ace had been lar:^ely cominereil 
with the result that it is no longer ])ossiblc 
nor desirable for any one to l)e oblivions of 
outside vvairld <.*vents. 'Phe world is ^ettiiiji 
smaller and drawin.i* closer loj*ether and an 


event in one part of the >»lobe so»ui produces 
its rci)urcussions all the world ov'cr. 

Dawn of the Spirit of Coynpvtition -'Plie in- 
treasi- of pojndation has iiitensilied attempts 
to anj.;ment tlu- available sources of food by 
openini’ up new laiuls where possible and the 
.stru}*«4lc for existence has bron.t:ht to the fore- 
front the idea of the ‘survival of the fittest’. 
The spirit of rix.alry and competition has 
sharpened the intellect in certain directions 
and the rights of the iiulivi«lual as such are 
j^ettinj^ increasin.u* reco.enition. 'Phe relij»ious 
ini|»nl.se has steadily j^nt into the back^roiiiiil 
ami has to wait the convenience of the other 
more nr.eent activities of life. Life has be- 
come more complicated in all tlirections. 'Plu- 
code of conduct, which fonnerlv was re.i*nlati*d 
bv siinpli' tiMi commandnu'iits. has now to be 
re.i»ulaled by a whole army of learned lawvers 
and the ever .i»rovvinj4 volumes rif law books. 

Commercialiiation of f rops One \ery im - 
portant result r)f the contact witli the West 
has been the «le\ idopnieiit of the i‘\pt)rl and 
import trades which have aflected profonndiv 
the kind of ito]is .LinwMi ;ind both the occn- 
\)ation and m(nle of lifi* of the villa.i^e. It is 
steadily dra.e.e.iii.e him (»nt of his isolation 
and throwing him into the world currents of 
I'ommerce and indnstiv. lb* is not content 
to .nn»w crops to meet tlu* iu*eds »)f his own 
\ illa.ii<^' but linds it more.* ‘profitable’ t«) .ijiajw 
what an* termeil ‘ronmier.daP crops for outside 
m.arkets ;is clistanl ;is New York or lauidon. 
This has ujiset the ohl time food centre<l eco- 
nomics of the villa.ne and is renderinj^ them in- 
creasini^ly moiu*v cenlre«l. 'Phe more eiiterjuis- 
in.i* ami intelli.ueiit of the villa.i;ers are attracted 
by the commercial life ami ti nd t«) shift them- 
selves to the nearest town or i itv temporarily in 
the bej.'inniniL; bnt often permaneiilly in tlu* end. 
It is no wtuider that such .i;reat cbaii^^es ha\ e 
bron.iiht in their train a \arietvof problems 
connei ted with our xillaj^es. 

'Pill*. l*ki*.si*N'i-I ) vv \ ii.i..\«.i: 

Dependent on Monaoons As ai.»ricnlture is 
the .sole occupation of the \ illay.er its present 
condition ami its elfect on the economics and 
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life of tile villager are well worth consideration. 
One outstaiidin}| feature connected with Indian 
aj»^ricultnre is its jfreat dependence on the 
Monsoons. In si)ite of the ijrcat irr illation 
works— some of them the larj>est in the world — 
and the steady advance in the matter of tapp- 
ing uiider{>round water, it has been estimated 
that seven eij^diths of our agriculture are yet 
dependant on the monsoons. Any one who has 
had to do with crop jjrowin*^ will realize how 
erratic the monsoons are Imth in time and 
quantity of precipitation. The unevenness and 
uncertainty of results in sjute of his best elTorts 
in the matter of cultivation and selection of 
.seed, caused by factors beyond his control— such 
as drought, floods, and cyclones —render aftri- 
ciiltnral income unsteady and uncertain. 

No Touch with 3 /ar/f({<.s— Secondly, the 
villager is so little in touch with world niarkets 
wherein the results of his labours are evaluated 
and sold, that a larj^e portion of his jirolUs is 
intercepted by the intermediate aj^eiicies that 
market his pro<luce. This is why the increase 
ill the e.Kport tra<le has had comparatively little 
eflect on the prosperity of the villaj^e as such. 
It is the towns that have chiefly gained from i*. 
For the same reason there is hut little a<ljii.st- 
ineiit of the crop areas to the prevailiniL»- market 
demands. A croj) is often i^rowii becausi- it has 
been customary to j^row it an<l not always be- 
cause there is a demand for it. Tliis restilts in 
occasional over-production (piicklv reflected 
in a fall in prices ; and there is a time lai* be- 
fore its eflect is seen in the contraction of area 
under the crop. This is an nnccoiioniie and 
backward method of afljiistment. 

Sh'esa of Population -Thirdly, land avai- 
lable for crop 34 rowing has not increased to the 
same extent as increase in i)opnlation. True 
.some new lands have been broni'ht under the 
ldou3»h and yields from exislinj* lainls liave 
increased .somewhat, l)nt siicli increase is 
much le.ss than the increase in poj>u- 
lation. The prevailing sentiments, both social 
and relij’ions, that directly encourajue lar^e 
numbers of children were d<‘rmitely needed in 
the olden days of plenty of land and h)w jiopu- 
lation. These are obvious misfits at the present 


lime wdien conditions are just the reverse. 
Industrialization is known to check rate of in- 
crease in population. Rice— the main fi)od 
crop of India and China— is admittedly the 
most suitable for densely populated areas like 
the south east of A.sia. It jjives the maximum 
return of food with comparatively little manure 
and i>oor types of implement and cattle, 'i'he 
increase in population has i)roved beyond the 
capacity of even such a crop. This has intro- 
duced a spirit of competition instead of the 
mutual dependence and jjood feeling in the 
olden days of jdenty. It has been comimled 
tlial ordinarily ajrricultnrc alone cannot su])port 
more tban 200 to the square mile. In parts of 
Hen3»al the stress of population is near about 
llirice that fijfiire and all dependent solely on 
a j>fri culture. 

Fourthly, possibility of lar^re auj^nicntalioii 
ill acre production is severely liandicapped by 
a variety of causes such as subdivision and 
fraj»m(‘ntali()n of hohlin^fs and the j)re valence 
of rij^id social customs and religions sentiments 
which cnn.se tlie waste of siicli valuable manu- 
res as 1113411 1 .soil and cattle dnns4 and adversely 
alTect the business aspect of aj»riciiltiira] pro- 
duction. Hotli subdivision and fra.enienlatioii 
are inter-related to each other and result from 
the .same cause, viz.y the mode of inlieritance of 
laiuled proijerties as obtaininj^ in both the I.sla- 
inic and Hindu laws. 

SvhfHvisinn of holdivgsi—Whc'W land was 
fairly abniidanl and anrienlture iiractically the 
only means f/ livelihood, it would appear but 
ol)vioiis justice on the deatli of tlie pafer to 
divide tlie land equally aniono- all tlie snrvivini4 
ineinbers. At the same time there is a limit in 
size below wliicli it becomes uneconomical to 
subdivide ni^rionUnral land. This bottom limit 
would obviously dilTer accordinj^ to nature (d 
.soil, kiinl of crop j^rown, availability of assnred 
water supply and other factors; but one pos.si- 
hle correlating: factor would be tlie area that 
could he comniniidcd by a pair of oxen. 

This continuous subdivision has been a long- 
standing feature and in certain parts lias reached 
a considerable dejfree of liiienes.s. It has {40iie 
so far as to divide the water of a well, each 



sharer behij>: entitled to so many hours of lif- 
liii^ writer from it. Dwelling*' lioiises are also 
.sometimes divided aloiij* their leni>ths witli 
obvious di.sadvaiilajic to both the units in the 
matter of ventilation and other facilities. Such 
subdivision is .said to obtain in other countries 
as well ; in brance tlie holdin^^' is sometime.s 
reduced to a single vine or a single tuft of luce- 
rne ^ra.ss and this condition is .said to prevail 
also in *Swit/erIaiul, Jap.in and (iermany. Ihit 
the h\ir and material dilTerence lies i!i the fajl 
that, whereas in those countries the ilividetl hol- 
ding is only jiart of tlu- owner’s means of liveli- 
hood, in India it is often the sole source for i‘m- 
ployin^r him all round the year. Small sized 
lioldinj>s up to a certain limit are not by them- 
selves wholly batl ; in Denmark and Switzerland 
some of the best types of a.ifricnltnre are said 
to be a.s.sociated with such holdings, but the 
other circumstances peculiar to our couiitrv 
render them uneconomical in our land. 

At jireseiit this evil i.s to some extent coun- 
teracted by certain of the sharers emi^^ratinj^ 
to the nearest towns or to countries overseas. 
The Indian is, however, so much attached to 
his land, be it small and unremuiurative, that 
he continues to own it if not force<l out by 
other circumstance.s. Its pos.session is not 
always as a business jiroposition but as neces- 
sary for status. This leads to the evil of ab.' eii- 
tce-landlordisTU. In one of tli. villa}>es in the 
Honibay Presidency, Dr Mann found tli.it ])cr 
ceiit of the owners had thus jL;‘>ne out of the 
villaj^e. 

Fragmentation of — Put jierhaps a 

;ireater evil than subdivision is what is known 
as fraj^inentation. When one wishes tt> invest 
on landed i)ropcrties he does .so often by pur- 
clinsiii^ bits from dilTereiit individuals and 
hence located away from one another. When 
this j)roperty is divided after his life time each 
sharer ^^cts i^'enerally a portion from each of the 
bits of land and thus the holding- of each sharer 
becomes fraj»ineiited. This system is practi.sed 
in the interest of absolute ecpiality in the slia- 
riiiK'. Lands, as i.s well known, diller .somewhat 
from one another and it is considerctl most e(jui- 
table that each sharc?r .shoiihl have a portion of 
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each bit of land, Imwever distant they may be 
from one amither. 

'Pile prevailing sizes of such subdivided and 
fraj^inented plots of laiul depend upon the .soil, 
kiiul of ciiip j.irowu and nature of irrij*ation 
supply. "I'hey are smaller on the banks <»f rivers 
such as the (laii.ees, the (lodavary and the Can- 
very with their assured w .iter supply ami lar- 
mier in the o]»i n rain fe<l pl.iins of the Central 
Provinces and the Punjab. Small lioldin^^^s are 
al.so char.icli-i istic of well irri.i»ated area.s, 
where the liftin*^ is throipLih bullock power. Rice 
htildini^s ;iv:ain are smaller than those j^rowinj* 
whe.'it as, in the former ca.se, Helds have to be 
divided iiit«> small i)b)l.s and bunded up to 
retain the needed water for this semi-aiiuatic 
plant. 

'Phis slate of ;i Hairs rules out lar^*e scale 
operations by outside capitalists who have the 
resources for up-to-date a^^ricultural methods 
i»enerally beyond the reach of the average cul- 
tivator. The numbiT of landlonls they have to 
deal w ith is too lar^»e and one recalrilraiit can 
hohl up a wlu>le .scheim*. 'Pin* value of larj»e 
.<cale operations in raisin^ aiiiicultural effici- 
ency has bi“i*n amply demonstrated in other 
tropical countries like Hawaii, Java and I'or- 
mosa. Certain of the sn.e.ar concerns in the 
Itombav Presidency wbiib are launching.* on 
larj^e scale e, rowing of sui^arcaiie are faced 
with sm*li ililfirnlties. .\nolher dis.id vaula^^e 
is that it precliules the feiicinii; of the property, 
a valuable aid in r.iisiii” a.rji icnllural el'iiciency. 
It is claimed lli.il lencin.’.^ of laiiils w as one of 
the chief factors in .ere.itly improvini* a«>ricul- 
tiiial juodiictioii in I'ni^land aft<*r the iClizabe- 
than ]>eiiod. 'Pin* con.stant and unavoidable 
<lisi»utes risnllins^ funn these loii^ andiirej»u- 
lar boundaries h.-.ul to bad feeliuju between the 
villagers ; ainl, it is s.iid, that: inceiidi.'irism of 
fodder staiks in the P.ombav Pnsidency is 
often trace.ible to such mi.sunder.standiiij.j. 

\ ii.i.Ai.K Cx r'ri.i-. 

'Pin* Aryan settlers lo\ e<l their cattle and 
valued them hi.ehly. A .er.i/in)^ waste round 
each has been the stamlard feature of the Indian 
village; its width was li.xed at IDO cubits dur- 
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iiijr Cliaii:iky;i's times and in the Mo}>linl days 
it was as iniicli as the hiiniaii voice could be 
heard across. In \'i (lic times the wealth of an 
individual was computed by the number of kine 
and is so in ]>nrts of oiir country even lo this 
day. l-nlike China and Jaiian where the con- 
sumption of milk as food is considered a dis^ti.s- 
tiiin habit, this article has been hij’hly valued 
in our land and extensively used as food from 
ancient days. This is fortunate for a country 
like ours which otlierwise is lar.ijely vegetarian. 
.Milk was not ])anm*d even in the case of the 
semi-reclnse who was denied most other articles 
of diet. In the nrahmanical period the daily 
prayer included an invocation for the health ami 
pro.sperity of the cow. 

The cattle retneseiits sometimes the heaviest 
ca]»ital oiitl.ay 4)f tlie cidti\ator next only to 
land and he lovi s them almost to a fault. It is 
common in the IHinjah to lay I)\ , each clay, a 
handful of ‘atta’ (wheal Ihnir) so as to suniptn- 
onsly fei*<l tlie cattle on occasions ; and it is 
considered ;in act of c harily to lay ahnii^ the 
roadside hin pieces of rock salt .so that the 
cattle can lick them on their way. A day in the 
year is set apari ;is c.itth* festival when liiey 
are decorated and feasted on swee t rice and 
cakt.s. Ill certain i»aits of the country like the 
VizajL: ;md Hellarx Districts of the Madras Presi- 
dency tin* cattle often oecnjiy the front portions 
of houses. 

Ihit this verv attachment and i\li”ious 
rej^.'ird to the cattle -]iarticulai 1 v the cow- is 
now workin.e to their disad vaiit.i^e. India is 
nnicpie in i)ossessini» an enormous amount of 
cattle wilhont makini' iirofit from its slanj^Iiler. 
The old and the wi‘ak are allowe*d to dejilele 
the fodder stock of the village with the result 
that the fitter and hence' tin* more useful ones 
do not j»c‘l their due sliart*. Cattle m.iinleiiance 
is not looked upon as a hnsiness projjositioii 
and the sentiment towards them is similar to 
that of a rider to the old horse which had served 
him wc‘11 when he w.is fit and strong, ^^r of the 
lady aristocrat to her i)et do^j or cal in the 
West. 'I'he sentiment is too dei*p-seated for a 
ra])id ehanj^e. 

The .Motor, the Oil-lMi^^ine, and bdcctricity 


arc steadily rcplacitif^ cattle power (largely of 
the male .se.x) for transport and water lifting. 
On the other hand, the demand for milk and 
milk products is likely to increase in the future 
and it is desirable it .should he .so. Kewer but 
belter type of cattle and tended with greater 
knowledge of their needs, are indicated in the 
future. Castration in as painless a manner ns 
possible to work out the uneconomic types from 
the village stock is the crying need of the coiin- 
Iry.side. The world is gelling accustomed to 
such ideas even in the human species. With 
increasing knowledge of factors determining 
the sex of the fertili/.eil egg will science he .able 
to increase the number of heifers as perhaps in 
the future we might need more cows and less 
bullocks ? 

\'ii.i.A(;k Dauih u 

For agricnltiiral lalxmr I he .\ryan colonists 
would appear to ha\e einjiloyed largely the 
local i)eoj)le- the Dravidirms ,-ind .aborigines. 
Kven in those e.arly davs agrienltnie was consi- 
deri'd somewhat rlegratling as being non-in- 
tellecliial. It has to he rememheretl tlial those 
were times when land was pleiilv — often per- 
h.aps virgin soils and hence parted with its 
tre.asnres more easily and ahnndaiitlv than now. 
'I'he agricultural labourer was eniph^yed more 
or less on a feudal basis and tlu)ngh the work 
was hard there was consider.ahle alTi ction bet- 
ween master and serv.ant. 'I'he 'p'ldial' system 
in ])arts of South Iiidi.i and the ‘hali’ system in 
parts of Moiiiha .■ arose from lahoiirers originally 
br»rrowiiig money .against fret? service stipnla- 
teil (luring- the jiendcncy of tlie loan but .after- 
wards not being able to repay, lie thus became 
a neriietual servant till released by death or 
emigration. 'I'he Indian labour is low hotli in 
wages and efliciency, certain extremist opinion 
expiating a week’s labour of the Indian to a 
day's of the Westerner. 

Hut the demands of agriculture are such 
lli.'it, whereas at certain periods a large force 
of labour is needed, there is no demand during 
other parts of the year. This is particularly 
the case where the hulk of the area in the 
village is under the .same croj). In the ab.sence 
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of work and liciicc \vaj>cs all the* year round, tlic 
labour niiffratcs to other places with the result 
tliat, at the time of i)cak demand (as duriiij^’ 
paddy trasplantalionj there is liiln)ur scarcity. 
Crops like the sujfarcane which need labour all 
the year round, .greater <liversity of crops or 
subsidiary occupations are neetled for stabili- 
zing the labour demand. 

Thk Viij.a(;i:k a\i> ms I\nKi:Ti;i»NKss 

^laviiijj l)rielly considered certain important 
aspects of villaj^e life, we are now in a ])ositioii 
to coiisiiler tlu* i)resent condition of the villaj^er 
himself, 'riion^^h till recently but little allected 
by the chaii)»es around him, on account of his 
isolation both mental and pliysical. lie is beiii.e 
made iiicreasiiij^lv aware of the chaiivti s around 
by thy extension into the village of such sym- 
bols of modern life as the Tost ainl 'Pelei.'raph. 
the bicycle, ami the motor bus. I'rcMiueiitly also 
the villaj^e is visited bv tlu* lowiisiiian wlio is 
oiil}^ too eaj^er to demonstrate before the awe 
struck villaj^er the elegances ami conveiiieiices 
of urban life. Himself a vestijic of llie past, he 
looks with wonder ami admirati(»n-- and some- 
times with fear at these iiiiiovatioiis which, on 
account of his little or no (alneation, he is unable 
to comprehend fully. 

Jvcoiioiiiically be tinds himself in a very dis- 
advaiitajLteous jiosition owinj.; to his steadily 
diminishing^ a^ricullnral inco ue in contrast 
with increasinj^ expenditure jIuc to chanties in 
living* even in his own household. Innovations 
ill dre.ss and habits ami new wants like tea 
;ind coiTee an- steadily forciii.e up family 
ex'iiense.s. While the coinninnitv life of 
intcr-dependeiice lias ceased to exist, the 
medieval social structure like the joint family 
system still jicrsists remleriii.e the villager's 
life unbalanced. 

- Dependant as be is solely on 
agriculture, the need for money always exists. 
Thi.s is true of the ai^ricnltnrist all the worhl 
over and results from tlu* fact that, whereas 
agricultural income comes in only at particular 
Limes like harvest, his expenditure is of a 
iiioiitlil}' if not of a daily nature. Kxtra profits 
from an exceptionally good year are more often 


wasteil in nrhaniziiig his siiiToiimlings than 
being init bv as reserve .'igainsl lean years. 
The ]u*a\ V imlebtediu ss of tlie Imlian villager is 
well known ami h;is attracted llie alt<*ntioii of 
all th.'it have cared to sliidv the* village. In 
one village sliidit-d bv him and his colleagues 
Dr. .Mann found ilia! the total debts of the 
village amounted to .about W per cent, of its 
ea]»ital value ami that nearly ..’a per cent, of the 
pndits of the village went to ])ay interest the- 
reon. According tt) .Mr. D.arling, debts in cer- 
tain Punjab villages aiiioiinled to as mncli as 
R.s. in per acre, a sniii sonietinies greater than 
the annual income from it on the average of 
gt^od and liad vears. 

'Pile villagers' tlehls an* .also often nnavoid- 
ahle. It has been calculated that nearly ‘H) j>er 
cent, of a villager's e\]>emlitnre is on such 
e.sseiitials as food, clothing, n nl, ami taxes, 
thus leaving hut little* margin for unexpected 
reverses such .as cro]» failures or lb»o(ls or sud- 
den cattle mniialily. l^xpeiisi's on marriages 
ami funerals, which to tlu* villager are ecpially 
unavoidable because of his traditional i<U*a.s, 
are other smldeii items of expemliture. 1'he 
margin of extra ineonu* is so narrow that the 
lo.ss of a hntfalo or the long illness «>f the work- 
ing member in the f.amily is known to drop the 
villager down in the social scale sometimes 
never to reco' er to his <uigiual position. The 
only seenrity he can idler against such debts is 
the land, his only | ossessioii in this \\()ild, and 
<»nce ple<lged he finds it (lilficnlt to redeem it. 

r/7/(/(/c wa.s<e.s While on tlu* subject of the 
eeonoiiiies of tin* villager it will be appropriate 
to consider here the various types of waste that 
are taking i»laee in the village. I'nreiiu^st, per- 
haps, is the agrieultiiral waste resulting from 
the uneconomic subdivision and fragmentation 
of land which jirL-cIndes its enltivatioii to maxi- 
mum briiefit. 'Phcii conic* tlu* waste of cattle 
ami human labour due to fragmentation, the 
drain of villagi* money by way of interest on 
Inaiis r.'iised by tlie villagers and loss of v;du- 
:d)le manures like hniuaii and eattle void.s. 
Cattle manure is wasted as it is lu eiled for fuel. 
It is .such a suitahU* fuel in the Indian honse- 
liohl tliat a siihsliliile alone will be operative 
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in about its rapid discontinuance as 

fuel, liuinaii voids instead of beitiff utilized as 
in China and Japan, are allowed to render the 
streets and surrouiidin}>s un.sanitary and poison 
the clean <*ouiitry air. There is considerable 
waste of both ener^'V and material resource.s 
thron^h adherence to scntinieiits and habits 
which, perhaps useful in olden times, are use- 
less and wasteful under the elian}*ed conditions 
of to-day. 

One important waste which has to my mind 
far-reachin« results is that caused through forc- 
ed idlene.ss. This is ])ecause ajiriculture, which is 
often the sole occiij^ation, is not able to keep the 
villager busy all the year round. This forced 
idleness is very harmful, changes his whole 
outlook on life and lowers his character in many 
ways. No tonic is .so i^ood as healthy and 
steady woik all throiij^li the year and this is 
denied to the average villager. The compara- 
tive prosperity of villa}*es located near towns 
or industrial centres proves the advantaj^es of 
employment all through the year. 

Standard of life One coiiimoii complaint 
laid at the door of the rndiati bv others and of 
the villaj'er by the townsmen is what is tcMine*! 
‘low standard of life.’ 'Pliere e.xists, however, 
considerable confusion as to what the term 
really means and thoni*h it is hut vaj^uely 
iinderstood, it is nevertheless readily resorted 
to, when there is no room for sound and logical 
reasoniii}> To ])Ut it briefly and in easy 
lan;^u:ij*e, a higher standard of life may be 
defined to consist in vrettin^^ more out of life's 
opportunities to the advantaj»c of both the in- 
dividujil and his society. A rise in the standard 
of livinj^ must add to the i)roductive elhcieiicy 
of the individual or it is no HKilllCR thon^di 
it may he a I)I h‘l'h)RHX'r standard. .MI real 
progress and civilization is inlei preta])le only 
on this basis. Rut when a townsman, weak in 
physicpie tlirou}*!! wronj* and unsanitary liviiiff, 
with a diversity of unnecessary and unheallliy 
wants and unnecessarily ami perliaps also harm- 
fully dressed, talksof hishij»lier standard it is an 
obvious inisaiiplicalion of the term. It is a ca.se 
of a more EXPICNSVJK and not HI(;HP:R 
.standard of life. A healthy cultured villager 


with his fewer and simpler needs but greater 
depth of character is easily the superior. 

The merchant, with his desire for commerce, 
has a tendecy to synonyniise ‘higher standard* 
with ‘increased wants and greater purchasing 
power.’ While an increase in wants as the 
result of a fuller life— such as books, works of 
art or facilities for (piicker locomotion— docs 
represent a higher standard, it ceases to be 
such when the increased wants are unnecessary, 
wasteful or harmful to the individual or society. 

Thk Exodps from the Viijjvok 

The most serious of the unfavourable 
changes coming over our villages is the steadily 
increasing exodus of peoi)le from the village 
to the town. There is little doubt that the 
villages were comparatively more populous in 
the olden days. The Arthasasthra contemplates 
a norma] population of 500 to 1,500 against the 
present average of about *400. One main reason 
for this exodus is the growing inadecpiacy of 
agricultural income not siipidemented by in- 
come from other sources. A second rejison is 
the shifting of the main activities of life io the 
town. iMlncational facilities and ollur urban 
conveiiiaiices are increasingly attracting* the 
villaj»ers to the town. Dr. Mann was struek by 
the sii^nificant absence from a Bombay village 
of youths between the a}*c of 14 and 20; and 
this is largely true of other i>rovinccs as well. 
They liad j;{one out for education or to seek 
einployinent. When a per.soii has lived in the 
town f»n' some Jinc he often develops a dislike 
for village life with its limited comforts. He 
misses in the village various things to which 
he has become accustomed in the urban 
surroundings ; he misses the rapid means of 
locomotion, tlic quicker life of the town, the 
facilities for shopping, the pictures and the 
like. He finds a comparative dullness in the 
village surroundings which makes him loath 
to return to it. 

Apart from the number, the qiu'ility of hu- 
inaii material contained in the exodus consti- 
tutes a serious drain. Take, for instance, a 
family of four sons all of whom had gone to 
the nearest town for education. The succs.s- 
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fill OIK'S jjet cniploycNl awav from tlu ir villai^os 
in due course and rarely relnrii to il ewepl 
if at all in old a^e. 'L'lie unsuccessful ones, 
on the other hand, with notliiui* else to do per- 
force return to the village aiul sillle there, 
thus increasing*- the pressure on the laud often 
dis])roportionately to their coulrihulion to the 
villai>e assets. Secondly, the richer laiidliu-ds 
who, by their superior resources, could, if tliey 
care, undertake experiments or launch fn‘.-h 
a^^ricultural ventures, are attracted to tlie town 
and leave behind in the villa.uK.' tlieir less re- 
sourceful brethren. vSimilarly, tlie capable arti- 
san leaves for the town to make llu' mi>st of 
his talents. Cnltiire is now town-ceutn*d aiul 
there is little scoj)e in the villaj^i* for the full 
development or uufohliui^ of one's tah iits. In 
the olden days when the villa;*e was ]ir;jclie.dl v 
autonomous and had its own funds to c.iti r to 
till* needs and amenities of the \ilIa.L:e the op- 
portunities in the vill:i.ee \sei\‘ j^reater, ami it 
was p<)ssil)le to retain in the villai^t! at least 
a portion of tlie intelli'^eiitsia, tlioui:li even lli* n 
the best of talents resorted to t he ca pitals oi 
courts of Kiii.^s for i)alroua.L;e- 

kuKAi. Likk and A<;Kicri;rruiv in Chin \ 

The one couiitrv in the world wli<»se i'<»mli- 
tions of rural life and ai^ricuUnre an* .aiuilai 
to our own is C'hina. That e«)uutry iJi'e^eiit^ 
luaiiy t)oiuts of similarity with .urs ami a few 
contrasts. 

The Chinese also liave a civili/aiion ;i.s 
old as onrs and in ancient days tiu-re was a 
certain anioiinl of contact between the two 
nations. The national religion of China had 
its oriiiin in our laud and the Cliiiust.- sent 
out an industrial commission to Ililiar as e.uly 
as the sixth century to h-arii the pioeess of 
siitjar manufacture. The two Chinese travelleis 
to our country, viz., h'a hieii (.V^'‘-lll A. 1).) 
and Iliiieiit.saiiM' (o2‘M)15 A. I).) ami tlieir 
writinj^s are well known. Tyike its Imliau 
prototype the Chinese xillaj^e also li.is been 
isolated from wtuld chau:^es and the bulk ol 
the people in that country also live in villaj^i s 
and hamlets. They lead a comparatively simple 
life and their holdins»s arc small. Density of 


pt^pnlatioii ill China is greater than ours, tludr 
ai^riciiltural implements i>rimitive and most 
systi Ills of land tenure exisliiij* in our country 
are to be l\»uml in China as well. 

lint the Cliim-se are specialists in smaM 
scale fainiiii;^ and are adepts in lakiiij^ the 
ma-\imnm fiom their lands. 'J'liey liave made 
tin' eonser\ .'ilioii of linm.'ui voids for mannrial 
pnipo-;es almost .a Imu- art, and their a^^ricnl- 
tnral operations are so intensive that lliev often 
raisi- :i iiiiilt i i dici t > of crops on the s:mie I iml. 
l*.v an e\l ra\' i;.'.ant nsi- Immaii labt)nr which 
is liiidd\ iiit« lli‘M iil md cheap, they make for 
want of ellicieiit tools ami scieiitiric e<|nipment. 
The\ poss' ss nmisiial L;ifls for iin.ility pro- 
dnelion. \\'e in India are familiar with llu- 
peripatetii- Chimse silk inerehant willi his 
lari^i* l)iimlli* of silk ]»iei*i'S slrai)ped to hi.s 
b.'ick a svmbol of Ii.ird wt)i k :iml i)ersever.Mice. 
Ilnm.iii labour is eliit'f in China and, in spite 
of tin* i*\istenc»‘ of modern cotton mills, some 
of the spinnini.j and a viveat deal of tlu' weav- 
in*.* is ‘^^ill rallied on in the villa;4es as colla.L»e 
iiidiisl 1 ies. IJki' ns tlnyx' are also now fare«l 
with I 111 ' smldeii iiinish into tlie villa.Lies of 
wesUrn aeliirvemeiits ami orL^ani/at i<»n and 
tin* solution of our common ijroldems would 
prob.ddv have to be «)ii parallel lines. 

\’n,:.\»;i:s in ()riii\u Da.nd.s 
l>(i'nii<h rillatje M'lu* villa j*es in I>emnark 
ar«* !.;o«»d exampb’S of wliat eo-oi)er.it if ni, i*dn- 
iMlnni .iml the linkiiie. of a.Ljricult nre with 
other imliistiies carried on in the villaj^e itself 
can ai liieve in the ilevelopnu'iit of small scab* 
fanning;. M'lie siibsidiarv iinlnstry in this ease 
ei iilres njiiml tin* Cf»w ami ils products. Dnriii;^ 
the dec.nle Is.-.o-lsou the Danish vill.'i.ees ueie 
in :i bad way fianii tlu* elK*cls of the aftennatli 
of tin* X.ipole'niic and I’lnssi.in w.iis ; ami 
lln re was m iiiilesl a leml<.*iu*v l«)r the i)i-o]'le 
loh*.i\i' tin* villa;.:e for tile town. In that de- 
i’id>* tin* iin-i'i-asi* r>f po j)nlati«)n in urban .areas 
w.is a^Sjjer 10,00.1 ;i'.^aiiist tlie eoruspi nnliii.^ 
lii^nre ol 21 for rural areas. Uni bv the nniii' 
(pienninm l''ill-loiin conditions had st> alter(*rl 
ihionidi orLi.'.iii/.ation and rural amelioration 
work that the lii^nre ri)se to 



Hok1iii<4s in Dciniiark art' coini)arativcly 
small, most nf tliLMii hciiiy not niiicli niorr than 
t'lcven acres. Tlic fanners etTect all their jnir- 
chases ainl sales thron^li properly federatcfl 
co-operative ory^aiii/.ations and thus .i>et the 
])enerits of lai jiie scale iraiisactions. 'Pile Cow 
is an important factor in rural Donin.irk ami 
aids the aj»ricullurist with steady sui)plemen- 
tary income. Sons of farmers j»et regular 
trniiiin;^ as apprentices before beiii” allowed 
to take char^^e of farms. In our country, on 
the other hand, farming.: is tin* one occupa- 
tion which is not coiisideied to need any train- 
iiij4. Such appreiilices are said to constitute 
the chief laliour in cta tain (d the Danish farms. 
ICvery fanner is educated and well posted with 
rej^ard to market trends and j)rices. He lives 
in a clean house with a well built outhouse for 
his cattle, the whole often formin.e a (piadr- 
aiij^le wdth a neat .eardeii in the centre. 

The State helps in the <levelopment of etTi- 
cient small farms. When a cambMate sntisfu's 
the local commission that he is tit, posses.ses 
knowledge to run a farm and al.so i)n»(luces a 
tenth of till' capital, tlu* ,Stat(‘ linds the other 
nine-tenths and no repayments need be made 
ditriny the first five years. 'Phe farm is to be 
redeemed in the course of a hundred years and 
durinj^ this period the unit is neither to be 
mortiuaj’cd nor subdivided. It is said that 
about ao i>er cent, of such farmers have matle 
a succe.s.s, about .^o per cent, are just .yetti 1114 
on and the rest failures. Such small farms 
with the i>roducts of the c«)w as the subsidiary 
industry -are said to have j)roved uu)re elPicient 
in addini^^ to national wealth than capitalistic 
farmiii” on a larj*e scale. 

iSVis.-? village \ .sense of absolute justice 
and fairplay is s:ii«l to be the oiitstandiiij^- 
characteristic of the Swiss villa.eer and thi.s, 
it is said, has made ( icneva the loj>ical .seat of 
the r.eaj»ue of Xations. The Swi.ss farmer also 
depends a ^^reat deal on the Cow which he duly 
in.snre.s. 'i'liey have accident and harvest 
insurance companies and State insurance 
ai*ainst unemployment. *Phe villager commands 
all modern conveniences like electricity in his 
village house and every farmer makes his own 


wine as a cottaj*e industry. The j»overnment 
of the villai^^c is vested in a Council who do the 
work in an honorary capacity. 

Tni< Imti'kk <»r tim-: Indian Viia.-Af.i-: 

After this rapid review of the Indian villaj»e 
ill the ]>a.st and the changes that have been 
comiiij4 over it up to the present time we are 
nj>w in a position t*) consider its future. There 
is little doubt that the .L;eiieral tendency .so far 
has been for the villaj^e to steadily j»() down in 
prosperity and importance in contrast to the 
town which has iiureasiimly drawn the best 
from the villa.ee. 'Pile <iuestion to consider i.s, 
if this is in the best interests of our country 
and, if not, are any steps needeil tti jilace the 
villa.ee in a better ])ositioii than now. Does the 
future lie inn .greater and further development of 
urban life, exolvin.i^ measures that would some- 
what niiti.ijate the iiievit'able disadvantajLies 
.'issi)ci.ate<l with it or does the situation luied 
radical chan.ees in the villa;.^e and villa;>e life, 
importinj^ into it certain characteristics of the 
town ? 

In spite of its h:i\ iii.e becaiim- trite, the state- 
ment that ours is .an .a.ericultural countrv 
warrants repetition fui .account of its far-reach- 
inj: efl’ecls on all our activities. 'Phe jdou.nh 
w ith a pair of oxen is i>erhaps llu* one symbol 
that would ]>ia>|>erly represent India as a wlioU* 
with its dilTereiil classes and comiimnilies. 
,Secoiidly, the rapid iiicia‘.ase of population in 
our countrv and China lias liecome a byword 
and this renders incumbent a fiirtlier increase 
of a.uricultural piaiduction. .Science has so far 
not succeeded in .i»rowiu.i> crops on the roofs of 
liou.ses or t)ii road-si<les in tow ns and the best 
.‘.cliievemeiits of a.i.jri cult lire have been in llie 
countryside. 'Plu* clearly indicate<l line of 
advance for the future, therefore, lies in im].>rov- 
inj» rural conditions and rendering onr villaj^es 
better and more elhcieiit in llie di.seliarjio of 
duties set to them hy the country as a whole, 
vi/., (1) the i»ro])er ami ade<|uate feedinj^ of the 
steadily increasin.i* iiopiilation, and ( 2 ) rearin.14 
a healthy stock of men and cattle and niaintaiii- 
iii« them in a lit condition. 

Both town and villajfe Jire needed for the 



full ami complete (Icvch.pinciit of onr country 
as a whole. The town is a iialural aiul inevi- 
table product in this development. ‘If (',od 
made the country’ the town was and i.s heiiiu^ 
made by man, Ilis a-ent, and in ivsp.mse to 
forces no less natural in the broad sense of the 
term. Ours has been and still lari-ely is a land 
of villaj.'es but the towns have risen up .and 
are bound to mnltiplv and expand in the future. 
In recent times there has been a ^rowini4 len- 
<lency to centralize cnltnre .and activities in tlu* 
town to the disad vaiit.aye of the \ illai^e ; .and 
the towns and cities have in a sense .erowii at 
the expense of tlu* villajue. 

lint e.ich has cerl.ain specific .advantii^es 
and iiievilahle defects. In crop rowing*, when 
one comes .aen»ss two tvpes luUh of which 
l>o.sse.ss desirable cliai acters, the crop scrv.int 
called the Ilrceiler trii s to raise livhrids bet • 
ween them for ]n*odnciii.e kiinls which nn'Mlit 
combine in tliemselvi s the e.ood points of lM)lh 
and elimiiiatin^ as far as possilile the «lcfi*cts 
of either. 'Pliis process of h\ bridi/alion is 
neither new nor recent. Nature has been <loinL» 
this since the he^innin.y of life an 1 file existine. 
crop tyjn'S ;iia* the rc’siilt of such so calle>l 
‘natnral’ hvhridi/ation and selection. A similar 
procedure is indicatc«l helweeii the town ainl 
the villavte ami such a proca ss is already in 
])ro;.;ia*s.s. 'I'hc open .air extensions that h:'\e 
Lrrown round towns in ia*cenl years with coin- 
lionml houses and i^arilens imli(\atethi- attc*ni]»l 
to ruralize the town in tlie m.itli r of he.allh .and 
snrronmliiies, wlille the Tost ( )|lice. tlu- rnr.il 
disjieiis.arv, the school, .and even tlu- bus lionu 
iiij» its way thron|L;h vill.iLie are in llie nature of 
nrbnni/in.i> the countryside. Snhnib.an colonies 
;ilso represent such .an i iuleaxonr to eoinhine 
the advantaL»es of both connlr\- .and low n life. 
While tile i>roce.ss is already in action it is 
desirable to specfl it nj) by lamscions ende.'ivonr. 

I mi*u<)\ ixa; Ar.KU i I. iTK Ai, hj |•u. ii-.xcv 

h)Isewhere we ha\'e cnnsi«lered certain seri- 
ous hamlicaiis the jnesent-day \ illa.i»e avtricnl- 
ture is labonriii.t* under. Thanks to the .i>c)o«l 
work inaugurated bv Lord Cnr/.on’s (loverii- 
meiit about tliirty years a.eo reinforced ami 


supplemented by the elaborate and far-reacliinj^ 
rectmiiiiemlalionsof the KOVAl, C( )M M KSSIO.V 
OX A( 1 RICri/rr R I*', of l'» 3 o, we are now in a 
]>osition to feel that technical adv.'inces in aj4ri- 
cultnve and allied sciences can be t.akcn to have 
been provideil for. 'Plu- Imperial Conneil of 
Ai*ricnltural Rese.ircli. a lusty child of the 
Royal Conimissioii. has ;ilri ad\ won b.ick U) ns 
a major imliistrv .an»l is eiij^ai^ed in *4 rap pi in;.: 
with jirohU ins of fnndanu-nlal impt^rtaiicc like 

market in 

While on this ]ioint I caiiin)! resist the temp- 
tation tt» refer to the mitstandiim achieveinenls 
ill the hrcedin.Li of valuable crop tyjies. Onr 
most ra]»id ;ind dfcctivi* advance in aj^ricnltnre 
ll.as been .aloii;.; this liiu- and to-day .almost 
eveiy cn»p is heiim s vsli inalicall v )»red .ill over 
till- country, .\il\ance in this ilircction viz., 
the iniproveiiiciil «)f crop tvpc and jlislrihntioii 
of its seed- ll.as bei ii t he most suitable to onr 
present lamditions «>f comi»ar.at i\ c po\ i-rty of 
resonua- in other diriclions. lb»r the proilue- 
lion of lliese tyjies the res!>nrccs in tlu* way of 
plant material of more th.iii one lauinlrv has 
been and is lieini.: svslematicall v employed. 
Combined with snhst.aiitial 'Parin' ju'oteclioii 
alforded hs a kind ( 'io\ ernmenl, it has resns- 
cilaleil onr sniiar industry aiul llms saved a 
drain to the connli N of 1 ’' crores of rupees ])er 
aiinnin on the av‘ ra;ie. It is emi)li>yiiij4 .a hun- 
dred thou.saiid .addilioii.al lahoiiia-is in the fac- 
tories .aiul .about I. soil ^r.ailnates in thesi* d.ays 
of niK iii]>lovnu*nt hesiiles the five million extra 
.a|L»rienltiirists direclh’ heiielitiii;^ from it. 'I'his 
deiiioii-ti alls the ,ei'i*at \alne to tlu* coniilry ;i.s 
.a whole of industries fonmlid upon onr own 
a.^ricnlt nral ]irodne 1 .s. 

'I'lial it is possible lo aniiineiil tlie aiiiiciil- 
liiral income of the \ illaj^cs to a eoii.sider.ahli* 
extent is i*videnl fiann the fart th.at e\eii in the 
W est, which is iinicli more advanced in this 
matter, the opinion is held that further marked 
.advances an* jifissihlc. A reiciit theoretic.al c.al- 
ciil.atioii ll.as show n that, under the best of comli- 
lioiis ,ami w itii the needed m.'ichiiierv and orj»a- 
nization, twehc .ihle-hodieil nu n are siinicieiit 
to ciilivate ius acres ol sii.earcam* .and from it 
supply the earhoh ydrale nccils of .a.s in.aiiy as 
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I l,S()() iiuMi and that thirty-five individuals could 
ho fed from tlio produce of one aero, if properly 
liriinllod. It is true that those calculations are 
somewhat tlieoretical as they assume conditions 
will eh do mU exist jind which it may he dinicnll 
to fully materialize, yet they are useful indica- 
tors of i)ossihilities in the direction. 

'rile evils resnltinj^ from subdivision and 
fra.! 4 nieiitation of holdings have already lu-eii 
noticed. These are beyond the capacities i»f 
technical di partments to remedy, luiwever i iw- 
nest or well ori*aiiized they mav he. 'I'hey are 
caused by ideas and sentiments deep seated in 
peo])les' minds and le.eislatic^n is the only re- 
medy. It is :i matter where we have to helj) 
ourselves and submit to certain hanlships in the 
interests of the country as a whole. Other 
Countries have shown the way. In Austria the 
economic holdin.i^ is reco.^ni/ed In* the law of 
the country ainl is both indivisible and unmort- 
! 4 a«eable (except for short periotls). In Italy 
such holdiiii^s are said to be inalienable, indivi- 
sible, and tinseizable. In Denmark a law ]>asst‘d 
in 1S37 provides for the* proprietor leaxini; his 
farm intact to any one of his children ami pro- 
vidini; moderate consideration for his other 
heirs. It is j^ratifyinj 4 that certain iTovinces 
have initiated action in this direction. 

Literncy avd ejtucntion, -As the ellicieiicv 
of any proi'ramim* of rural iinproveineiit (U-- 
l>einls primarily on tlu* Chief AL^eiil in it. tin' 
X’illa.qer, it is important t(j consider means for 
increasin.u; his ellicieiicv. If we com])ari* the 
\ illaner with the Townsman one puint in which 
the latter often scores o\ i r the villai^er is his 
literacy if not always his c<Iiication. This is 
not the ])lnce nor is it necessary to detail the 
\'arioiis advantaLies of (.-diication or even litera 
i*v. SnlVici* it to say that even in idenieiilary 
I'dncalioii we have a very elleclive weapon 
for brin.i^inj4 the villa.i^er out of his narrow hori- 
zon, brt‘akin.i» down his sniu'i'slitioiis, placing 
him in touch with the re^t of the worhl thnin.eh 
the juinled word and for facilitalinj' the intro- 
duction of various reforms for his beltcrincnl. 
In the proL*ressive evolution of the human 
species accpiisition of certain characters such 
as tile erect habit’ arc credited willi liaviiii: 


introduced far-reacliinj^ eflects. Kducation be- 
longs to this category. 

Tlionj^li it is true that the villaj4e Teacher 
dill exist in the olden day.s and at least certain 
classes of the population received .some kind 
td school and even higher education and ihonjih 
there is cviileiice that rci>uted universities did 
occasionally flourish in certain rural jiarls, 
re;»nlar schoolin;! and edncalion were not 
coii.sideri'd essential. While, accord iiij* to the 
Artlinsasthra, the Sukranithi and the Manus- 
inritlii, the carpenter, the black.sinith, the shoe- 
maker and ill certain cases even tlu? astrologer 
were definitely reco«»nlzed in the elaluualc 
\ illane or.L^aiiization, the seliool-master did not 
oceiijiy such a position. It was left larj»ely to 
the ]uiest class or some men of learning to iL*ive 
inslniction in the three ‘R’s’ ami l;iki* the miue 
advanced students even his/her \\y the scale in 
return for voluntary j^ifts from the parents of 
the boys in their ehar.i|c. 

h'ducalion .uiven in the villaj.;e school 
shoiihl obviously possess the rural and 
anrienltnral oulloi'k and be vitally linked 
with the every-day life of the villaj^e. In oiir 
boyluMxl days wi‘ learnt more about the ncfi- 
jL»r;ipliy and liistorv of places we could neve r 
hope to see while bein.ir comparati vely ignorant 
of oiir own district and its environment. Such 
an im]>c>rtant subject as the anatomy and phv- 
sioloj^y of the luiiiiriii body was reserved till tlu* 
student had mastered the various distiimiiisli- 
in:-r cliaracterish’cs of the metals and the iion- 
mel.ils or llii* j^ imes of the tlieii two important 
towns in llie Sahara region. 'Pliere is now a 
sfeuh and welcome change in this matter. 
Xatiire stndv lessons fit in well with the ai»ri- 
cnltiiral life of the villager and I have often 
wondered why the village vacations .should be 
tinie«l to llie conveniences of metropolitan exa- 
minations rather than to the busie.st aj^ricnl- 
tnral se.asons in the villai*e when the boys 
could perhaps help their parents in tlu* field 
.and j^aiii firsthand knowledge of subject tanj'ht 
in llie school room. 

Ivtcllcctual alertness, A .second character- 
istic of till' \'illaj4er ns contrasted with the 
'rownsiiian is often the slower movinj^: intellect 
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of the former. T.liis is not mentioned here in 
a derogatory spirit; the difference is due to 
difference in the environment. Tlie evi ry-ilav 
stru.v»^j4le with the oreat forcx*s of nature deve- 
lops a deeper character in the villaj^er, hut in 
intellectual alertiies.s lur is often inferior to the 
townsman. Aj^^ricultnral operations are .generally 
on the broad land and hence the w«)rker.s are in 
eoinjiaralive isolation, whereas intellectual alert- 
ness is greatly accelerated lhrou,eli contact aiul 
clash with other minds, a feature of iiulustiial 
life. i he rather extreme opinion has been held 
that iiutst aj^ricnl tur.'d iinprovcinents themsel- 
ves have been from iikii wlu>se intellects have 
been sharpened by industries and commerce. 
I he linking up of villai'es with li^wns and 
other villages, throut»h better communication 
facilities, for instance, will reined v the situation. 

Bnsivefifi habits.- Vet another comniou de- 
fect of the villaj^er is the lack of .so-calle<l 
‘business' habits and ‘business' mentality. This 
ajLjain is due to his eiivironinent and tradition. 
Xatiire's processes with which the N'illa^e 
Ajiiriculturist is primarily c<jucerned clo not 
.i»eiierally need the puucturdity of the man of 
business or commerce. The cow in insured 
both in Denmark and Switzerland on account 
of its importance in rural economics. The 
ab sence <ff insurance measures in our villa.ees 
a.i;ainsl crop failures and 4'attle ei)ide iiics, 
which an? by no means uncommon, is largely 
attributable to the absence e<liication and 
l)usiness outlook. The \ illa^er’s income would 
be both enhanced and rendered steadier bv the 
imi>()rt of the ‘business’ mentality into his acti- 
vities such as a^^riculture and cattle mainte- 
nance. 

Outlook on life.- The villa;.ier's outlook on 
the world is often narrow bi-cause t)f the isola- 
tion and the absence of literacy. Whether he 
likes it or not, the villa.ner is beinj,^ dra«j»efl 
into the world currents of commerce and indns- 
try and his horizon needs to be liroadeiied by 
education. His Cf)nstaiit lij^ht with lorces c>f 
Nature over which he has little control, tinges 
his ideas with almost fatalism. A bad .season 
too often disproves to him the truth in the 
sayin.c ‘As vou sow so you rea])’. Industrial 

t» 


activities, on the other hand, are as.sociated 
with i»nH'i*ssi*s which denn)nstrale the control 
of natural forces by man and this has a tenden- 
cy to develop in him certain amount of self-con- 
fithmce, it not of human pride. 

CoTr.\(‘.K iNOrSTKIKS 

In this stuily of the Indian villaj^e, tlu‘ 
vill.'iLjer ;incl vill.ii^e lib', we h;i\e friapieiitlv 
notici-d tlu’ nei-d and aiK anla.ees of indnstriali- 
ziiii^- the villai^c. We have foninl that indus- 
tries .are desirable in the villaj^e to liiul emphn'- 
ment for the pef)pU* all lhron'.^b the yt ar, to 
st;ibili/e labour, to tone up the villager in vari- 
ous directions ainl to snppleim-nt and steady 
his income, 'riu* l.arj^e sc.de industries, which 
have ilewlopL'd in the country while both 
u.sefid and important for the i)ro.!L'ress of the 
country as a whole- li.ivc* helped the villaj^er 
but little. ( )n the otlu*r hand, they have adve- 
rselv affected the villaj»e teinlin^ to draw 
laboui and brains away from the villa}.;e. Wliat 
is needed is the i-stablishment of cotl;ii*e indu.s- 
tries in the \ill;i.i'i' itself so as to iminove the 
cemditions b)r livin.e in it. 

It is obvious that the closer such industries 
are linked iij) with .'mricultnre and a.ijricultural 
])rodncts the better they would lit in with villajre 
eci)in)mic.s. C.attle bi iip.^ an important adjunct of 
aj>^ricnltnn*, iiidnslries like cattle breeilinvr and 
jnf)dnclion of milk ar.d milk products at t)nce 
sni4:4<-sl themselves. 'Pile \ :ilne of cattle? l‘orajL»ri- 
cnltnreisnot conlined merelv to its use .as 1. a hour, 
but llu- tn nd of recent work is iiulicative of 
their pl.ayin.e a verv important ]).art as the 
store bouse of the ri.ehl type of manure for 
cro]>s. 'I'he animal and plant kiimtloms would 
appear to be the countei p.arts of oiu* unit, each 
beiielitiiiL; from the waste* products of the other, 
live ki‘e?pin.e, the* jundtry industry, fruit j'n)w- 
ini^ and caimin.e and preparation of tiniud and 
infant foorls for the beiielit of the townsman 
would lit in wall into the villai^*’. 

Ollu'r suitable industries wotild be the 
p.arti.al i)rei)arati« m of mamif.acturcd products 
in tlu* villaL,^e ilsi-lf as .a rural industry. Cotton 
ginneries, seed decorticators and oil i)resse.s 
iK'lont* to this t»roni). It saves in tlu* transport 
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of raw material to the central factory, the half- 
prei)arcd material bein*^ jL*cnerally less bulky 
than the orij^inal raw ]iroduct. The transport 
to the villaije of the bye j)roducts of manufac- 
ture, such as se eds in the case of cotton which 
are needed back in the villaj»e both for sowiiif^ 
and as cattle food, is also thus avoided. Minor 
industries connected with i)rojlucts or articles 
availai)le in the villaj*e or vicinity, such as 
cocoanut iiulustry in the West Coast and fi.sh 
curing in seashore villaj^es, help to keej) the 
villnj»es ]>r()sp('rous. 

either handicrafts and domestic indnstrie.s, 
where the needed material is imjioited from 
outside and woiked in the villa.ue durin,^ the 
off-seasons, include weiivin^, dyeing aud the 
iiiaimfacture of t(»ys and tiinkets. In spite of 
technical advances there are yet certain indus- 
tries which lend themselves to be worked in the 
villaj»es as doiiu*stic industries. 'Pile manufac- 
ture of toys in the lilack l-'orest rej^ious of 
('icrmany, watches in vSwil/ei land, cutlery in 
Sheffield and little fans, flower baskets and 
ornamental pieces in Japan are of this class ami 
arc a * 4 re*at lie-lp in supidemeiitinj^ and stead v- 
iii^ tile vi Haider’s income. 'Phe incchaiiical 
cfiiciency obtained in tlie* villaj’e as tlie result 
of such rural industries <yives tlie villaju'e a 
‘inislry* class who slioiild i»ro\e increasin.ijly 
useful ill the repairs aud iiiikeap of farm 
iiiacliinery aud water liftir^ ])umps sshich are- 
spre^adinj^ in the count l y. 

f i rr ( h t/ttul .nlum 

'Pile value «)f ori'anizin** on a laij»e* scale 
for increasiiii^ efliciency is well known and 
widely accepted. Most villaine activities, on 
the other liaiul, have by their ve-ry nature- l<i be- 
on the small scale and llieir bein.i: .tjroupi*d 
toj^ether throui^li co-«)perati ve oriiaiii/ations is 
the only reined >. Tliron^li them eve-n tlie 
small farmer and prodiKvr is eiiahU- to command 
facilities and advaiitai^cs .ijeMicrally available- 
only tcj lart'e scale units. 'Phe- purchase and 
sale of article-s t'onnecte-d with cottage indiis- 
trie.s, for instance, need »»r()upin« tojL*cllier 
through co-operative orj»aui/.ali()ns for best 
results. 


There was apparently a «reat deal of the 
‘iiiutiial help’ and co-o])erati\c spirit in the 
villages of old. Certain of these are survivinj* 
to this day in the form of customs or usages, 
sometimes Iran.'^muled into reli^ioirs observanc- 
es and thus commaiidini^ niieinestioned obe- 
dience. In the remote countryside marriaj^e or 
death in a family is often a villaj^e event and 
is shared liy the whole coininiinity even in 
these days. ( iiiests at marriage fnnclioiis come 
ill with a variety of contributions iiiclndinji* 
jiro visions for the niarri}»e feast. The iiihahi- 
tanls of a street are forbidden to take food till 
the dead is removed and properly disjjo.sed of 
and food for the bereavcil family is provided by 
other villaj^ers for the first two days. 'Phe 
spirit needs to be revived and placed on new 
liiie.s consonant with tlie modern a^e. 

A vtenitieti of life 

As a class our vi liaises lack tlie conveniences 
and amenities of urban life. While perhaps 
ci-itaiii of these mij»hl be considered unaeces- 
.sary and a few even harmful, there can be no 
doubt that the linlk of tliem are in tune with 
and are necessary for niodeni iiroj^ress w hich 
is takiiii^ hold of the world wliether we like 
it fir not. Conveniences like means for rajiiil 
traiisjiort, the Post and ']\-lei»rapli, the \ews- 
])aper and tlie ever-increasing improvements 
as.sociatcd with the development of electricity 
are major blessiiii’s which it is desirable 
slunilfl be extcmled to tlu- villaj^es as fpiickly 
ami as comi>leleIy as jiossiMe. It is the absence 
of these in our ciunitryside that is partly re.s- 
poiisible for the prevailiiij^ distaste It) villav»e 
life. 'Pile vill;iv;e is easily healthier than tlie 
town in such imiiorlant factors as jmre air 
and ojien siiaces and if only certain urban 
facilities are implanted in the viIlajL 4 e, its 
attractions ftir .settlement should prove irrc.si.s- 
tible. 

The j»eiieral leiideiiey for retired Ciovern- 
iiieiit oihcials not to relnni to the village but 
.settle ill a nearliy town lias struck me as unfor- 
tunate and is indicative of the .ueneral trend. 
While in certain cases perhaps the decision 
mij»hl be due to urban educational facilities, 
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there is little <loul)t that tin- general niiattrac- 
tiveiiess of villa life also enters into the 
decision, h'or ]>erinaiient results the ni jne for 
rural iiiiproveiiient should hi- iniplaiited in 
the villaj^e itself. This could he achieved only 
by iniprovinj4 the chief natural Aj^ent in 
such work vi/., the Villager and inakini» it 
attractive for him to live ainl have his heiiit^ 
ill the villa^^e itself. hjideavonrs that are 
town centred and take to the village for tem- 
porary jieriods, for lectures, di-monslratioiis or 
shows — however honest or energetic have an 
outside llavoiir to the villager and do not, there- 
fore, j»et permaiieiitlv assimilated into \illa14e 
life. 

CoNCi.rsioN 

To Slim uj), there is little donht that the 
villaj^es of old were more [lopulated than they 
are to-day larj^ely because of eonditi<uis preva- 
lent at the time. 'I'liosi- coinlitions will ne\er 
return however much or siiieeiely we may 
hanker after them. 'Phe town and the ehar.ie- 
teristics asso.'iateil with urban life are delinite 
])roducts in the march of events and need to 
he accej)ted as sneh. Tliom^h there are draw- 
backs associated with urban life the town lias 
its own .e<)od points which need e.\lension 
into the villa-e t<» kee]) rural life in tune 


with the chaiijnes around us. At the same time, 
the countryside h.is ad vaiilaj^a'S like open spaces 
and ah.seiiee of con.Lii stion which can never be 
reproduceil in the town. 

kite activities that were villaj^e centred 
in the past are increasinj^ly .eettiny town cen- 
tred to the ilis.iil vantage of the former. In the 
interests of I lie country as a whole relation- 
ship of mnln.'il lielj> needs l») he established 
between the two. 'Pile town should extend to 
the villa.!.ie its .eieater know h-d-^e, (piicker 
liviiyi: and the manifold amenities of the 
modern a.ee. Coiilrihiitioiis fioiii the country- 
side are of eipial importance. It alone can 
produce the raw materials of commerce and 
iinlnstry and thus helj) in the ijrowth of tmviis 
and cities. It alone can supply adequate and 
wholesome h)od to the millions of our land 
whether resident in the villai^e or town, bastly, 
the country -.side alone can imhne the urban 
‘business’ civilization with the deei)er character 
and larger liumanilies which are nnrtiired in the 
villa.uer throiii^h his inoie direct and constant 
conlai t with the iireat forces of Nature and of 
life. ( )iir diitv then is clear: Xamely, to improve 
the \ tile nucleus of onr country life, 

and infect its Chief A.Ltent, the Villauer, witli 
eho.si-n eiillnre of the vims of modern av,^e 
ihroni'li h'flncntion and hnhtHtritilimlion, 




SUPPLEMENT-^Abstracts of the Sectional Presidential 
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Physics and Mathematics 


On absorption of light by atoms 
and molecules —Dr s. uuitn 

l!)r Datta jjave a u’^neral sketch of the main 
facts relating^ to absorption of lijjlit by atoms 
and molecules and of the various theories which 
have been formulated to explain them. 

The address was divided into two scction.s. 
In the first part dealiii^r with ab-sorption by 
atoms, he bcj»an by relating that the most 
significant feature of absorption is that, 
out of the various series in whicli the cmis.sion 
spectrum of an element can be cla.ssified, those 
belonging to one .series only come out in 
absorption. This has been explained by the 
simple Bohr theory cou])led with the .selection 
rule for inter-orbital transitions and the Boltz- 
mann distribution of atoms in the various 
states. The ab.sorption of some lines contrary 
to the selection principle first secured by him 
led to a modification of the selection rule and 
has been explained as due to atoms having 
quadrupole moment as well. Relating to the 
appearance of higher series liins by excited 
atoms he cited experiments which showed that 
an increase in the concentration of atoms in 
the excited state brought about by thermal, 
electrical or ojitical stimulus is res]ioiisihle for 
the appearance of these lines. The ab.sorption 
experiments thus lead to two generalized state- 
ments. 

(1) The line absorption ])henoiiienon is 
entirely dependent on the concentration of 
atoms ill energy slates whicli are iiossible under 
the experimental circumstances; and 

(2) It manifests a complete and not a part 
absorption of the energy of the photon with 
which the atom collides, ])rovided that this 
energy is exactly equal to the amount required 
for the transition of the atom to higher states 
which are permissible under the selection rules. 


J)ealing next with the question, what hap- 
pens to the radiation when it is absorbed, he 
showed how the various experimental facts 
lead to a generalization that the absorbed 
photon loses its iilentity as an indivisilile packet 
of energy and forms a part of the total energy 
of the excited atom, which is liable to dissipa- 
tion according to the circumstances of its situa- 
tion. It may thus give rise to the familiar phe- 
nomenon of Resonance and fluorescence or to 
various others that may be exiiected on theoreti- 
cal considerations by ‘collisions of the second 
kind.' 

Passing on to the question of the intensity of 
absorption lines he showed how the ordinary 
quantum theory is inadequate to explain the 
facts of observation and how a more satisfactory 
.solution is obtainable from the recent theory of 
radiation propo.sed by Dirac. 

Talking of the width of absorption lines, 
he disciis.scd the modern theory both of natural 
as well as ])ressiire broadening-. Natural broaden- 
ing is now explained as a small variation in 
the energy value of each level, which can be 
calculated from the life-period of the atom in a 
given state by ai)plying Heisenberg’s j)rinciplc 
of indeterminacy. While pressure broadening 
is accounted for as due to a conversion into light 
energy, the energy of irregular motion of quasi- 
molecules formed by forces of the Van-dcr- 
Waal type. 

With regard to the phenomenon of continu- 
ous absorption by atoms of freiiuencies lying 
beyond the limit of the ground series of lines 
which indicate a i^rocess of photo-ionization of 
atoms, he drew attention to the existence of 
two maxima of absorption, only one of which 
can be explained. 

In concluding this part, he discu.s.scd the 
question of ai)plicability of the laws of conser- 
vation ill processes of exchange of energy 
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between pliotoii and matter and showed that a 
division of the c*ncrft-y of the ])lioton which 
follows from the laws of conservation is irrecon- 
cilable with the phenomenon of discrete absorp- 
tion, which demands that the photon energy 
should be indivisible. A mechanism by which 
Compton effect cr)iild be explained without 
dividing the qnaiita has been siij^'j^estcd bnt 
difllcnllies still remain with Kanian effect. 

In the second i)art dealinj*' with absorption 
by molecules he related how the infra-red radia- 
tions can be absorbed only by molecules havinj* 
a dii)ole moment, i. c., by ionic or i^olar atomic 
molecules whereas the lij^ht of j^reater ener^jy 
can be absorbed by both atomic or ionic mole- 
cules. 

Talkinj^- of the main features of al)Sorption 
by various types of molecules, he stated that 
the occurrence of more than one continuous 
absorption maximum may as a rule be taken 
as the chief criterion of an ionic molecule parti- 
cularly compo.sed of siiijLjly ioni/ed atoms, where- 
as banded ab.sorptions are dtie to atomic mole- 
cules, polar and non-])olar. Handed ab.sor])tion 
is however possible, thouj^h not actually on 
record, with ionic molecules composed of doub- 
ly ionized atoni.s. Atomic molecules may how- 
ever show continuous absorption unaccompani- 
ed with bands, i)articularly when the j»round 
state is formed by a sjiin couplin*,^ of two 
neutral atoms and the e.xcited repulsive state 
is due to a reversal of the spin vector of one 
of the atoms, as is presumably the ca.se with 


the hydrogen halides. Polarization molecules 
ft^enerally show a short continuous absorption 
in clo.se proximity with the atomic rc.sonance 
lines. At hijrh pre.ssure the continuous band 
may develop a .structure as has been observed 
by him in the case of potassium. 

With rej>:ard to banded absorption, accounts 
have also been y*ivcn how the intensity distri- 
bution is explained on Condon’s theory and 
how from the classifications of the different 
proj»ressions it is possible to calculate the heat 
of di.ssociation of molecule.s. 

Relatiiij^ to studies of contiiinons absorption, 
the use of micro-photometer has been strongly 
recommended and sunjiestion has been kIvcii 
about the best method of ])reparin}»^ tin* spec- 
troi*ram for micro-pliotoinetric analysis. 

The qiieslion of determination of funda- 
mental vibration frequency from contiiinons 
ab.sorptioii records has next been discns.scd in 
the lij»ht of author’s own observations relatinjLj 
to IICl, TIHr, and NyO, which .seemed to justify 
the jirocedure. 

After dealiii}* with the ])henomenon of pre- 
dis.socialion and Saha’s theory of dissociation 
of poly-atomic molecides by ab.sorptioii of li^kf 
and of the colours of iiiorj>anic sails, Datta has 
concluded his interesting .survey by indicating* 
the important role played by absorption experi- 
ments ill tlic discovery of rare isotojics of oxy- 
j^^eii and iiitrui»en and the various applications of 
the inelhod to industrial and medical problems. 



Chemistry 


The Chemistry of Antimalarials 

- lip .1. Hay 

Malaria is the greatest o])staclc lo tlit‘ pro- 
«:ress of India. Apart from the terrible toll it 
takes aniuially in the b)rm of huniaii life, its 
influence on labour ineflicicney is a serious 
factor in the industrial develoi)menL of the 
country. The physical, intellectual and eco- 
tioniic deterioration of this siibcontiiient can be 
attributed mainly to this one cause, b'or this 
reason no subject can be of j^reatcr interest to 
ns than an account of the recent <leveloi)ment 
in the prevention and cure of malaria hy chemi- 
cals. 

The investij»atioii of the nature and pro]H*r- 
tios of a drn}4 begins with the isolation of the 
active princi])le lo wliicli its j)bvsi()loj»ical ac- 
tion is due. This is folhjwed by a determina- 
tion of its stnielure by aiialvlical and synthetic 
means and after its molecular arran.i;eineul lias 
been unravelled, a stmly of the related deriva- 
tives makes it possible to locate the seat of 
pharmacol()i>ical action. As an illustration the 
case of (luiniiie alTt)rds a most strikin’* example. 

The phaniiacoiOLiical action of (|niiiint: may 
be located in fo) the t|uinoliiK' riiii*, (b) the 
finiiuiclidine part, or (c) in vinyl KTonpint^. 

The examiiialion of various <lerivativcs 
proves that it is essentially in the i|ninolinc 
l^art of the molecule. Various (piiiioliiie deri- 
vatives liave been synthesized of late of which 
the .substance ])lasmoqnin and the Kn.ssiaii 
product j)lasmocido have been found U) be 
valuable. Plasmt)»|niii is not l)itter ami has 
definite aiilimalarial action. 

It is not claimed that plasimxinin is a .subs- 
titute for (piiiiine but that it can be n.sed with 
(|iiinine owinjf to its more toxic action on j^Mine- 
tocytes. The (ininiiic-plasniociiiin treatment 
has l)ecii tried or a larj^e scale by the Henjjal 
Govermnent and it appears that it is definitely 
beneficial, but whether plasiiio«iuin alone is a 


reliable prophylalic . 'gainst the transmission of 
malaria has still to be definitely proved. 

Mietscb and Manss have })repared siibsli- 
tiiletl alkylamiiioacridiiie derivative of which 
the sn])stance called “ati hriii ’ has been found 
to be a valuable aiitimalarial. 

In his exj)erimeiils with birds infected with 
plasinodium praeco.r, Kikiith found it lo be less 
toxic than plasimxpiin, from which it dilTers in 
that it does not afi’ect the i*ametes but kills the 
sebizont forms. Tims it is complementary to 
plasmoquin. Atebriii acts directly on the 
trophozoites of all three types of the ]>arasites 
but has no action on the crescents of the sub- 
tertian type. 

A druj* liavinj* true propliylatic efiect must 
l)Ossess a si>eeific action on the sporozites. Nei- 
ther plasmoiinin nor ate))ri!i, however, possesses 
this action. A driij* has vet lo be discovered 
which will liave curative value in subtertian iii- 
feclion. In recent years a lar^H’ amount of work 
has been done in seeking an ideal aiitimalarial. 
.•\llboii.t»li the exj>eiimeiits have not yielded posi- 
tive results, still some ])iirpose has been served 
in tliat certain apparently reasonable ix)stulales 
have been investi.iialed and eliniiiiated. 

'Pile w«)rk of Mrs Robinson, Robinson, 
Xaraim, Ray and Sinj*b, ;\j>}4arwal, (Juresbi ami 
Rav, lhalmiacliari and Das (iiipla, Chatlerji, 
Sbesh.'ulri, Rerm;iek, and Clemo have all been 
helpful ill this respect. 

Opium was reputed to possess propliylatic 
v.'ilm* in malaria. 'Phis ]x)ssibility lias been 
inveslij^aled at Daliore but it seems doubtful if 
any elPeclive aiitimalarial can be found amoiij*st 
the derivatives (jf opium alkaloids. 

Siiiioiiseii depb>red in PR’S that very little 
work lias been done in India on natural ])rfxliict. 
Since then there has been an imiirovenieiit and 
at Delhi, Calcutia, Lahore, and other centres 
useful work is beiii}^ done. 
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The financing of research is a problem which 
requires early solution. There is a distinct 
tendency for the public to ignore the universi- 
ties in their charity. There are exceptions of 
course as evidenced by the princely gifts the 
Calcutta University received from the late Sir 
T. N. Pal it and Sir R. H. Oliose. Recently Sir 
P. C. Ray, ‘the father of Indian chemists’ has 
also made a commendable donation. I^et us 
hope his w'ords in this connection would ins- 


pire the industrialists of our country to emulate 
his noble example. The life-long service ren- 
dered by Sir P. C. Ray to the cause of chemistry 
is unique and this country is blessed to have a 
man of his stamp. Any one who helps the 
cause of research work would be doing a 
national service, for chemistry is the key science 
both in peace and war and “chemical research 
is synonymous with national welfare” as Kmil 
Fischer truly remarked .some years ago. 


Geology and Geography 


Earthquakes in India — w. ii. wt-Ht Ksq. 

The foundations of the scientific study of 
earthquakes in India were laid by Dr T. 
Oldham and his son R.D. Oldham. The 
latter will best be renicmben‘d for his great 
memoir on the Assam earthquake of 1897, and 
for his discovery of the three main types of 
earthquake waves that arc recorded on the 
.sci.smograph, a discovery that has proved most 
fruitful in investigations regarding the internal 
structure of the earth. 

The occurrence of earthquakes in India is 
a legacy of the great earth movements that 
convulsed the northern flanks of India during 
Tertiary and Quaternary time.s, throwing up the 
Himalayas and the Baluchistan and Burme.se 
mountains, h'or this reason earthquakes are 
confined in their distribution to these mountain 
ranges and to the plains immediately bordering 
them. By comparison Peninsular India is an 
area of comparative safety, in which only minor 
shocks occur. 

A detailed analysis of the geological struc- 
ture of the earthquake belt provides an explana- 
tion of the origin of most of the earthquakes 
occurring within it In Cutch the subsidence 
of the coastal tracts beneath the sea is probably 


the cause of earthquakes in this area. In 
Baluchistan the re-entrant angle in the align- 
ment of the hills by Quetta and Sibi must be 
an area of special strain, and earthquakes are 
concentrated around it. In northern India 
earthquakes probably originate in movement 
along one of the many thrust faults that have 
develoi)ed as a result of the southward advance 
of the Himalayan range. In Assam the A.ssam 
range, a fragment of Peninsular India, is caught 
between the converging earth waves from the 
north and from the east, and has become rent 
by fault fractures, which are the cause of the 
earthquakes. I'inally, in Burma most earth- 
(piakes have been located on one or other side 
of the central Tertiary belt, a sunken trough 
or synclinorium bounded by zones of faulting 
on either side. 

During the present century earthquakes 
have been confined in the main to three centres 
of activity — Baluchistan, As.sani, and Burma — 
with an occasional disastrous earthquake else- 
where within the danger zone. The Assam 
earthquake of 1897 was probably the most 
.severe that has occurred anywhere within his- 
toric times, though the loss of life was small. 
But the Kangra earthquake of 1905, the north 
Bihar earthquake of 1934, and the Quetta earth- 
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quake of 1*^35 between them accounted for at 
least 60,000 lives. 

This disease of earthquakes is a chronic one, 
but is not peculiar to India. Other countries 
that suffer from it, such as Japan, California, 
New Zealand, and Italy, have taken steps to 
combat it, but in India practically nothinjj has 
so far been done. It is stronj^ly recommended 
that a scismolo};;:ical branch of one of the exist- 
ing: services be started, and that research be 
conducted similar to that done in Japan. The 
cost of such a branch would be trivial in com- 
parison to the many crorcs of rupees worth of 


damaf»e done by a l)i>> earthquake. In addition 
endeavours should be made to improve the 
standard of bnildinj^ witliin the earthquake 
belt. The value of simple earthquake-proof 
construction in savinjf both life an<l property 
was clearly demonstratc<l durinj^ the Quetta 
earthquake. A siiii])le buildiii}*: code should be 
drawn up by which new construction and town 
plannin}> in the more important cities of India 
could he controlled. In addition, more detailed 
codes should be drawn up in accordance with 
local needs, and enforced by Provincial (loverii- 
ments and Local Hoards. 


Botany 


The need for scientific study of 
India’s climax vegetation 

— if. («. Clinmpltiii ICnq. 

P'orost growth still cov’crs about one quarter 
of the land surface of India, and if it were not 
for human settlements and forest destroying: 
activities, it would undoubtedly cover the whole 
country with the exception of the excessively 
dry north-east portions, a feN\ <lry tracts in 
other i>arts, and the relatively limited alpine 
areas in the Himalayas which are too hig:h, 
cold, and exposed for it. 

It mig:ht accordingly be expected that, trees 
both individually and collectively, would form 
the subject of much botanical study in this 
country which has seen the oldest civilization 
in the tropics atul is still much the most highly 
developed tropical country. iCveii in temperate 
western countries, very little is yet known 
about the physiology of the individual tree 
and still less of the physiology of tree crops, 
and the life-history and jiroblems of the tropi- 
cal forest are still almo<it une.\i)lored. In the 
absence of the needed information, there is a 
rather dangerous tendency to apply what is 
knowu or believed to hold for the temperate 


forest without proof that such application is 
permissible. 

The interesting i)r()blem of the method by 
which water is lifted to the top of even the 
tallest trees is almost the only one which has 
so far attracted much attention. Studies of light 
(piality and intensity under different types of 
tree caiio])y and the reacti«)ns of the ground 
vegetation and the regeneration of the over- 
wood trees to variations in these factors are 
much nc'cded. The absolute water re<iuire- 
ineiits of tree crojis in relation to tin; dem.'inds 
of other types of soil cover are of importance 
in all irrigated and tlry tracts, and call for 
investigation. l''urlher, wide fields for study 
are offered by problems connected with the 
.secretion of resins, dammars, gums, and oils : 
also those connected with genclical and di.s- 
tribution problems. Only small beginnings 
have been made of the study of the tropical 
forest in relation to the soil, though the great 
importance of a forest cover especially in the 
tropics is now generally realized. In its n)le 
of the great contributor of humus to the soil, 
it is of the deepest significance to the agricul- 
turist and indeed all humanity, but we still 
have extremely little precise information on 
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the siibject. This reaction of forest on soil is 
reflected in the succession of forest tyi)es which 
follow one another on new soils which have 
been and are beinj; laid down by river action 
and in other ways, i^rovidinj^ a most interest- 
ing and inii)ortant field for ecolojjical studies. 
The professional forester is well aware of the 
occurrence of such successions but the trained 
research worker is recpiired to study them in 
full scientific detail. 

The conseciuences of the maltreatment and 
j^radual o])eniii}j out or destruction of the 
forest cover provide the reverse aspect of eco- 
logical succession towards the climax vej^eta- 
tion. Such retrogression in many parts of India 
has gone far beyond mere botanical interest 
to become an economic j)roblem of first-rank 
imj)ortancc. Realization is now rapidly si)read- 
ing of the causal connection between denuda- 
tion of forest cover in the hilly tracts and the 
loss of fertile soil on the slopes by erosion, 


the overwhelming of valuable agricultural land 
at the foot of the hills by sand, gravel, and 
boulders brought down by torrents themselves 
generated by the lo.ss of the absorbent forest 
and soil cover, and also the occurrence of 
di.sastrous flood in the plain. 

The scientific study of trees and crops calls 
for a special techniciue, both in the collection 
aiul the analysis of data. This is mainly due 
to the large size of the individual and the 
space it occupies, and the .slowness of its deve- 
lopment to maturity and subsequent decay, but 
complications also ensue from exposure to all 
kinds of influence, mostly injurious ones from 
which agricultural crops arc more or less 
l)rotected. 

India is in a unique and very favourable 
position to lead the world in the study of the 
tropical forest, the i)roblenis awaiting solution 
being full of interest lo the scientific worker, 
and full of importance on their economic side. 


Zoology 


Helminthological research in India 

— lip (i. S. Tlisipiir 

Dr. (i. S. 'I'haiiar, in his iiresidential address 
on the needs and opportunities of helmintho- 
logical rese.'irch in India emphasizes the 
imiiortance of helminthology in medicine, 
])ublic health, veterinary science, and agri- 
culture. Me pointed out the indiflereiice with 
which this science was studied in India, but in 
recent years there seems to be a growing ajiprc- 
ciation, both by the rrovernment and the 
universities, of its importance. The recogni- 
tion of the work of professional zoologists in 
India seems to be a healthy sign, as the past 
records in this connection in other countries 
reveal the solution of many fundamental prob- 


lems of Iielminthology at the hands of the 
zoologists. 

It is true that refinements in sanitation are 
helpful in the eradication of human jiarasites : 
in fact, ''Taevia solium is said to have taken a 
road to extinction when the mythical Chinaman 
burned down his house, ate the incinerated pig 
and pronounced that it was good." But there 
arc a great many difficulties in the control of 
lielminths of domestic animals. Tyimited sanita- 
tion, over-population of farm animaks, due to 
greater utilization of land for agriculture and 
human habitation, varied means of trans- 
portation and climatic factors — all help to in- 
crease helminthic infections of the domestic 
animals. It is, therefore, necessary that investi- 
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gatioiis should be iiiulcrtakcii on an extensive 
scale on these problems in an a** ri cultural 
country like India. 

Keferriiij*' to the ancient history of the sub- 
ject ill India, Dr Thapar drew attention to the 
references found in Susruta, Charaka and 
Madhava Nidhaiia and from these he has identi- 
fied such worms as Dvimukha and Parisarpa 
as Enterohiva vermicidaris and Microfilariae 
respectively under the moilern scheme of 
nomenclature. P>ut very little progress seems to 
have been made on the subject in ancient liitlia 
and the doctrine of ahimsa seems to liave 
played its part in this direction. 

Much of the recent information on worms in 
India is due, chiefly, to the valuable work of 
certain enthusiastic officers of medical and 
veterinary services, who, in the course of their 
routine work, were confronted with worms and 
this formed the basis of our present knowledge 
of the subject. 

Unfortunately, there are j»reat difficulties in 
lirovidinj*^ adecpiate knowledj*c of helmintho- 
lojjy to our students in India, as thon«;h the 
textbooks in zooloj^y claim to have been 
revised and brouj^ht up to date, they still contain 
old and aiititpiated nomenclature and classi- 
fication and these instances are enumerated. 
Some of these textbooks j^ivc a confused 
account of the life histories of e\Lii the common 
worms, like Ai^caris. This leads to .a .serious 
handicai) in the treatment and application of 
pre vciiti ve measures. 

I'nrther, is is desirable to avoid imi)artin<» 
an aiithroiiomorphic outlook of helinintlioloj^y 
to the stndentsof zooloj^y, as in this the students 
i:enerally lose all interest in the .subject for the 
re.st of their career. \ student should study 
the subject to explain the ])henomenon of 
parasitism and for this he should collect hel- 
minths from his own dissection animals. 

In su}fj»estin}^ the scope of work. Dr Thapar 
says that there is considerable field for in- 
vestijiation in the mori»holoj^y of the worms 
as helminth fauna of India still remains unex- 
plored. Even the re-invc.stijjation of the des- 
cribed forms seems to offer ample scope of 


work, as errors in dia.i»nosis arc peri)etnatcd in 
the recent literature on the subject. Illustra- 
tions are j^iveii from the works of j)revious 
authors to show the justification of re-inve.sti}»a- 
tion of even the described forms. The chief 
jiroblem in helminth mori)holoj4y to-day is the 
elimination of errors which \infortunately have 
crept into the earlier literature. 

The accurate niorpholooy and natural classi- 
fic.ation would answer the ])roblems of relation- 
ship and evolution of the f^roup aiul numerous 
illuslratioiis citi*d have been c(»llected from the 
work of Dr 'I'hapar and his colleagues at 
1 . lick now. 

'Pile solution of life-histories will }*reatly 
facilitate the control measures .and Lciper’s 
work «>n the Schistosomiasis in IC>»vpt amply 
justifies further work on similar line.s. The 
recent discovery of Ech ivococcJis cysts at 
hncknow stimul.itinj^ cocniinis cysts seems 
interestiuj» ami i)romise.s fresh fields for experi- 
mental investij^ations. 

The t|ueslioii of host .s])eeificity is also 
disciLssed .and ei^nllictiiHr ob.servations by pro- 
minent workers .are indicated to show the 
necessity of further invesliirulions on the 
subject. The i|ne.stion does not seem to he a 
.settle*! one. 

Consi(lerin}4 the i>atlio.i4cnic effects of hel- 
minths, Dr Thapar made references to the re- 
cent dem*>nstration.s c)f Enterobiim vannicii laris 
as a cause of a]>j)endieitis in man and this has 
aw.akeiie*! interest for the study of the iliseased 
condition, more p.art ieularly in aiiiinal.s. Tlie 
discovery of Schistosoma spindali^ as .a cause 
of iia.sal }.!rannl()ina <»f cattle, commonly known 
as siioriiiR tlise.ase in India and the recent 
investigations on the etiology *)f “Harsati” of 
eqnines, .showin;.^ llabronenia larvae in the 
affected parts of the aiiini.ar.s body are illnstra- 
lions to indicate worms as c.anse of disease in 
anim.als. Hoth these animal tlisea.ses were 
believed to be of mycotic origin and these dis- 
coveries mark a new era in the di.sca.se iii- 
vestij>ation of animals in India. 

There are a larjie number of antlielmintics 
u.scd for the removal of worms but a consi*ler- 
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ably larger titimher prescribed by Hakims and 
Vaids, claim specificity for particular kinds of 
worms. Chopra has investifjated many of these 
indiR^enons dniRs for their action but a majority 
of them still need verification. The crude 
method of administration of certain plant pro- 
ducts, like the juices of Blumia lacera 
( kukronda ), as local application and otherwise 
against the r onimon pinworm of man by laymen, 
offers fresh field in study of druR administration 
in their natural condition, ])articularly for the 
domestic animals. The effects of yeast and 
vitamins on the immunity probk*ms form a 
nece.ssary adjunct to such invesciRations, as it 
would be desirable to obtain parasitc-resistiiiR 
strains of animal population that would be 
better fitted in the struRRle for existence. 

The production of pearls inside the mollus- 
can shells is said to be due to the presence of 
helminth larvae and for this, Rrowth of such 


larvae may be encouraRed. This is an aspect 
of helmintholoRY that demonstrates its utility 
to man. 

In view of such opportunities of varied 
nature offered by the study of helmintholoRy in 
India, and its RrowiiiR siRiiificanee in different 
spheres, emphasis must be laid on the necessity 
of co-operation amoiiRst workers in different 
fields— medical, veterinary, public health, and 
aRriculture— so that we may be better able to 
combat the problems and obtain most satis- 
factory results. The experience of such a work 
in other countries amply justifies such a line 
of action in India. Let us, therefore, stimulate 
interest in the study of helmintholoRy so that 
by patient interest and diliRent application 
we may help in the solution of the various 
problems connected with helmintholoRical 
research and thus establish an active school of 
helmintholoRy in India. 


Anthropology 


An ethnological study of the Goors 

— llvuan Bahadur Hr I.. K, A Lyer 

Dewaii Haliadur Dr. L. K. Atlanta Krishna 
Iyer reviewed the proRress of anthropoloRy 
duriiiR the past 24 years in his jiresidential 
address. The scojie of aiithropoloRy, he .said, 
is now very much broader ; and physical and 
cultural anthropoloRy differ widely in their 
function.s. On the physical side zooloRy looks 
backwards oh palaeontoloRy, while physioloRy 
beckons to psycholoRy across the ‘no-man’s 
land’ represented by psycho-physics. There is 
aRain human bioloRy with heredity, environ- 
ment, and Rcnetic.s. On the cultural side which 
covers archacoloRy, history, and economics, 
attention must be paid in turn to industries, 
arts, institutions, beliefs and, not the least of 


all, laiiRuaRe as the key which unlocks the 
inmost sanctuary of the mind. The problems 
connected with them form a fascinatiiiR branch 
of ethnoloRy. For the sake of Rreater pre- 
cision, it must be .said that anthropoloRy ought 
not to be given a narrow sense of somatology. 
The physical and cultural sides of the study of 
man must be dealt with in strict conjunction, 
however different may be the methods required 
in each case. Surely the interaction of body 
and mind is too subtle and all-pervading to 
permit of any divorce between the material and 
spiritual aspects of human nature. 

The principal subject of his address was an 
ethnographic study of the Coorgs. The 
writers who had made an intensive study of 
the Coorgs differ in their conclusions, and Coorg 



inscriptions tlirow very little li«lit on the early 
history of that interesting^ eonnnnnity. The 
l)rovince was successively connected with the 
Kadanihas, (lan.ija J)yii;isty, Iloysala Kiii.^s, 
Nayaks of P.elnr under Vijavana.yar rnlers, the 
TJn^ayat Rajas of Ct)()i» as also tliose of the 
Hediiore family. I'nrther the Coori*^ Rajas were 
themselves aliens. Wynad Chettii-s have their 
settlements in C<^orj4' as their house names 
testify. I' Torn all these tacts it is conjectured 
that the Coorjis are not without a racial admix- 
ture from a remote ju-riod. 'I'liere is .also a j»reat 
deal of cultur.al contact between the Coorj^s 
and the i)eople of Malabar, Caii.ara and the 
Tamil districts, ami the Tnlii ]u)pnlation. Their 
laii^iiaj-e is a mixture of the Dravidiaii laii.eu- 
a«es. 'Pile physical trails are bicdooically 
useful, and rel.aled t«i mental ca]>acitv and 
intellectual endowment. ;\pi»lyin,e this nia\ini 
to the Coorins, I heir mountain habitat, climate, 
food and occup.alion have largely ma<le llieiii 
what they are at present. It is inlerestiiijn to 
nf>tc.* that these f.aclors ha\e diirerenti.ated them 
from the people of the idaiiis. 

Dr lyf’r next «lealt with tlie ecom)niic life 
of the Coortis who w i*p* lirst hnnleis and fishers, 
and then .i^ricnltnrisls. 'Pheir hnntin:^ pro- 
])ensities are still sei-n in their test ivals, and 
their primitivi' wi-;ipons an- bein;^ i>radii:iny 
re])laced by modern .enns .ami si '■■ars. I‘'ishin,t4 
is ‘>enerally carried on in sti earns and paddy 
fields dnrin.e tlu* rainy months. .X.ericulture 
of tlu* Coor.es which is of the rmlest kiml is 
similiar to that which i»revails in other ]>arts 
of India. It is a svstein of rural economy form- 
ed at a ri-mote pi*iiod ;iml tr.ansmitte»l bn* ajp*s 
uiichanj.it*d. 'Phe* cultivator is attached to tlu* 
ancient practices, ami views with dislike any 
atlem|>l.s at iunov.atioii. Industry of the jieople 
of the bi^blamls is confined i*xclusively 
to the cultivation of rice. M'be iianow valk vs 
betw'eeii two bij^li ‘'rounds are very productive, 
tile agricultural impU'meiits are lew' ami of the 
rudest kind, and yet the yield h;is furnished 
an nnfailinm^ sniiply from ancient times both 
for consumi»tion and export to Malabar. Wliere- 
cver possible, the valleys have been formed into 
flat terraces for cultivation. 


The .'mriciiltural year, as in other parts of 
South Iiidi.'i, l)ei»ins .ihont the middle of April 
(jhnilni With the fiisl shower in 

April or .May the plom^hiii.t; coinim*iices. On 
an anspieious d;iv hefun* .sunrise the house 
lamp, which pl.iys a conspicuous role on all 
festivi* occ.asions, is li.ehled in the inner 
veramlah wduii tlu* members of the family 
a.’-'si*nible and invoke the bb'ssin^s of their 
ancestors ami Caiiverv i\mmen (River Deitv). 
The Vonn.i4 men make* obeisance to their elders, 
and drive a iiair of bullocks to tlu* jiaildy fii*hls, 
w'bert* they turn tlu* he.'ids of these to the east. 
The landlord now oilers cocoannts and ]>lan- 
t.'iin.s, rice and milk to the lui-sidinj* deity of 
tlu* (di visi«)n o| the clisliict) lifting up his 
hands to the risini; sun, ami invokiiiLi his bless- 
in;.*. 'Pile oxen are voked and three furrows 
are plon^^hed w’heii tlu* work is finished for tlu* 
mornin,i.». ( )f the nplnrned imi IIi he t;iki*s a 
deal to the storehouse rir .ijr.anary and oilers his 
lirayers to Siva to i:r;int him an iiicreasi* of one 
hiimlreil times. 'Phe n co^^nilioii of the source 
of m;it(*ri.'il w ell-heinj.; is diu* to their imlnstrv 
to commaml siicciss. I'rom o t«» in ,\.m. the 
plt>nj4hin,n contiiines till llu* I'lelds are turned 
two or three times. 'I'heii the binib*rs are 
trimmed, and the littU* banks rep. died to rei»n- 
lalt* w.'iter. ;\ft(*r Ibis, sowin.e, t r.uisiil.'intiii.i*, 
w’i*ediiii^. ami riii.'ilh harvest ini.: are in operation. 
Refore the coni j>l(*lion of li aiispl.iiilalion of the 
laTjLjest (iehl, :m open space of in feet wide is 
K*ft thron^diont the whole leii.eth, to provitK* 
the Ctiori: race- jvj round ollerin.e a jolly j'ood 
sport amidst their inonotonons work. 

'Po ;i l.'iree nnmher ‘)f C'ooi i^s, i iilli v.atioii of 
colTei*, c.ard.'imoms, and fi tdls ;iri* important iii- 
flnstries. 'J'he Cooi ^s an* fond of hoiu*y .eatlu*r- 
iim. It is a domestic iminstry. 'Phe Coorjji.s 
have ail ahund.'int su]>]>ly of food materials. 
'Pliev re.'ir pij^s and |.;o;its. 'Plu ir chief articU; 
of diet is rice ami on festival it is tirovcrbial. 
The Coorj4 houses like thost* of the Nayars are 
!*eiierally situated closi; to their padflv fields 
oil a sheltering slope of Rene hand siirroiiiifled 
by columns of pl.-iiitaiii trees, s:ij4o i>alm, beteliiiit 
]i:iliii.s, cuanj4e, jack, and «nava trees. A colTee and 
a small kitchen garden are seldom absent. In 
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the comjxmiids of some houses there is a small 
pond well stocked with fish. The nature of 
types of huildiiiji very iimcli resemble those of 
the Nayars of Malabar and the approaches of 
the old Coorf>: house mark the desi;*n r)f forti- 
fication. The tradition points back to the 
time of «:eiieral feuds when chief fought with 
chief and clan with clan. Deep ka<laimas or 
trenches with hiyh embankments still testify 
to the memorials of their warlike stale of affairs 
in former times. The furniture of a Coor.ij: 
house bear amiile testimony to the simple habit 
of the inmates, 'flic Coords arc a hardy race 
and bear with fortitude much hardship especi- 
ally durinvi the monsnon months when they 
are enjia^^ed in cultivation. lv\]>osed to all the 
inclemencies of the weather they retain their 
vi;jour, most a<lmirably. 'Plieir dress and orn.i- 
meiits are jicculiar. Their marria^ic n-^ulalions 
are a curious medley of old and new rite.s, 
fashions and notions. In fonder times their 
marria|L»e festivities had a c<»nimunal character. 
Marriaj^c is adult and has .some of the formali- 


ties of the Flindn ceremonies. The Coorg fami- 
ly is joint and patriarchal. 'I'lierc is not a single 
family affair of any imiiortance which may not 
be undertaken without the con.scnt or knowledge 
of the senior member. The .senior female 
member is the (pieen of the household. Their 
j)nblic morality is controlled by a council of 
elders, and they are the moral ceirsors and 
inanajxcrs of all .social matters without any 
material help from the ( jOvernnieiiL The offen- 
ders are punished with fine or excommunication. 
The Coor^^^s are animists and have their ances- 
tor and ilenion worshij). They have been in- 
flneiiceil by the Alalayali, 'I'liln, Canarese and 
recently by Canarese, Tirahnianieal,aiHl I jnj»ayat 
sn]ierslilions. The 'I'lilus have snuij4«led in 
tlieir cUmiioiis anil ancestors worship, aiul llieir 
.services are often refiuisitioiied. 'I'hey worsliij) 
Cauverv Atninen, and their chief festivals are 
Ilnttari corresiioiidinj;^ to the oiiani festival of 
Malabar and Kayliimrta. Of late they be^nn 
to worship some of the Hindu di-ilies. 


Agriculture 


Science and Practice of Agriculture 
in India iiaiuHiiir ii. \N%%tiiiafii 

Rao Ilahadur H. Viswanalh reviewed 
the proj^ress of agricultural research in India 
with reference to :ii»ricuUural ])raclices in the 
country, and directed allentioii to .some iiniior- 
taiit problems. The address is in the main an 
analysis and synthesis of the e.\istinj» data from 
the laboratory and the field, which leads to the 
important i.ssue, namely, the bnildinn up of the 
soil. He .said that Indian soils and aj^ricnltnral 
practices were several centuries old and that 
research was concerning itself, as it should, more 
with the details of existinj^ i»racticcs than with 
the evolution of wholly new mclhoils, whose 
success was doubtful, and said that the aim of 


research was to build up on the exisliii;* system 
a stall- of aiLiriciillnral ])rMCtices suited to the 
coiiditioiis of the soil anil the resources of the 
eiilti valor who was always ready to take up 
any improvement suited to the conditions with 
which he was faceil. 

Speakiiij* of Ihc work on .soils, Mr Viswa- 
nath said that the aim was to maintain thehij’li 
productivity of the soils that were already rich, 
to restore to normal tho.se soils whose produc- 
tive capacity was impaireil, and to increase the 
yield of soils which were orij'inally poor. He 
referred to the scientific stiulies (lirectc‘d to the 
attainiiientoftIic.se objects, discu.s.sed the impor- 
tant diirerenees between Indian and Kuropeaii 
.soils, explained the lack of .success in India in 
the application of many of the results and jirac- 
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ticcs found suitable in those eoiintries and 
stressed on the necessity for a din'erent outlook 
on the applied aspects of soil science, imrli- 
cularlv with reference to arid and semi-arid 
soils of the country. 

The Kao Ikiliadiir then discussed t lie work 
on manures and fertili/(*rs dnriniL: the past 
cpiarter of a century and saiil that the evidence 
clearlv established the imiiortance and suitabi- 
lity of oi'i'anic manures to Indian soils. In 
rejjard to fertilizers, he said that tlie themetical 
possibilities of artificial fertilizers wen* almost 
limitless but that their achievement on Iinlian 
soils was limited by the orj»anic matter supply 
to the soil, and ])oiiited out the necessity for 
husbanding onr resources (»f or.‘,*aiiic mannn\s 
and for uliliziii” them to the fullest extent 
possible. He drew i)oinled attinlioii to llu* 
evil consecinences of intensive cnllivnt ion and 
the intensive u.se i^f fertilizers without the 
necessary aeconipaniment, namely, or.i;anie 
matter ami or.e.'inie mamires. ()i.eanie matter 
uas the life of the soil and if or.eaiiie 
manures were iiei‘.h‘i'te<l we should he doin;j: 
four ihiiijLjs. h'irslly, the hrlilily of the soil 


would not be maintained, secondly, artificial 
fertilizers would not be used to tin' fullest ad- 
v.'inta.ee, tliinlly, the croiipinj*; power of the 
imjiroveil sei‘d would be rednceil, and fourthly, 
the imtritive value fd' fooil crops would he low. 

I\.n» Tkihadnr \ iswanath finally referred to 
problems of fodil ainl nutrition and discussed 
the problem both from the point of view of 
<pialily and ipiaiitity and said that in both these 
<lirecli<mssoil comlitioii played :i pianninent part. 
I le refiured to his own wank and that of !\Ic- 
Carii.son on the snbjiTt ami said th.al mannriii^ 
eontribnttd tolhe nntriti vi- valneof the crop ami 
in this res])eet ori^.inie maiiiiiL's were llu* best in 
eiidowin.e :i croi> with a hi!.;li nutritive value. 
In re.qard to (piaiititv, tin* Rao Hahadnr showed 
hy calcnlaliiins that our pri'sent i>rodnclion of 
h)od erojts was enoiiiji f«>r llu* prnjiei* fei*diii« 
of only two-thirds of the popnlat ion ami that 
there wi ie considerable seopi* atid possibilities 
for incia asin.'^. 'I'liis, he s lid, depi*nded on the 
hnildiiu: up of the feililily of the soil and 
pointed out in tin* adilress the wavs ami means 
of (loinji it. 


Medical and Veterinary Research 


The Relation of Animal Nutrition to 
Public Health in India 

Col. (^Iver in his presidential address <li.s- 
enssed the niaiiv and v.iried tnoblems which 
are involved in ])rovulin'4 an ade<piate <liet — 
for farm livestock as wa.*ll as hir the peo])le — 
at a cost wdiich is not prohibit ivt* for the 
comjiarati vely poor. He sn;^jL:i’Sted ways in 
which it seems iiossihh*, hy proper attention 
to the nutritional re(]nirenu*nts ol lavm livi*- 
stock, to make available ;it reduced cost l.ir«er 
and better supplies of the i>roti*etive foods 
of animal orii»in, c. t/., milk and ej^s^s, on the 
essential importance of which j.'reat emphasis 
is laid by the lleaUh Orj^ani/atioii of the 


Li*a.eiu* of Xalion>. Ri*feri*nee was made to llu* 
pii»iu*er work carrii*d out bv McCarrison, \’oit, 
Theiler, and ( )rr with rej^ird to wbat consisted 
Ilf tile ideal diet. 'riu*ir investigations clearly 
demonstrated the causative role of mineral 
and vitamin ileliciencies, whicli redncetl tlu* 
resisl.ance and increased exposure to infection, 
ill a wide ran.ue of slock diseases, in various 
]>arts of the world. Due larj'ely to llu*ir 
i*lnsive nrilnrc, vitamins were lonj* taken to 
exist only in tlu* imagination of the medical 
rese.'i rebel-, Imt happily their importance is now 
no Ioniser dis]mted. Ihir example, it has now 
be(*n clearly deimmstrated by i*x]»eriments done 
with cattle that a vitamin A deficiency is the 
main cause of a specific form of brmdm*ss in 
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tlicni, only to he ourccl by an a(Ie<|iiate supply 
of j>reen stnll'. Ivxpcrinicnts also revealed that 
vitamin A deficiency in the inollier cow affected 
the calves as well, many hein^^ horn blind 
or losiii;^' their eyesi^^ht soon afterwanls. It 
is tluMefore rational to assume that the milk 
of cows maintained in city dairies where ade- 
<|iiate su]>i»lies of j'reeii fotlder are costly and 
difficult to obtain cannot usually be considereil 
a satisfactory food, particularly for children. 
This point deserves more attention than it 
has hitherto received from the j^eiieral ]>ublic. 

It has been clearly shown by Aykroid and 
otheis that striking improvement in health 
and physi«iue can be effected, at comparatively 
small cf)st, if the consumjdion be increased of 
skimmed or separated milk or of milk-powder --- 
in which all the proteins and mineral salts 
of whole milk are preserved, almost intact 

Re^anl must also bo pai<l to the <iuality of 
the proteins available in foodstuffs of animal 
orijLiin, tlie essential importance of which is 
now rcco;4nized by dieteticians. The (piality 
of amino acids is a lactor in relation to which 
the nutrition of farm livestock and indeed the 
croi»s on which they are fed must play an im- 
]iortant part in human nutrition. It is thus 
e.ssential that facilities should be i)ro\ ide<l for 
systematic resenrcli on the comjHJsitioii and 
])roi)er cc.UMivatioii and utilization of such 
hxlder and other food materials as can be made 
availa])le at reasonable cost without sacrificing 
(piality. How to make the i)roduction of sui- 
table fodder crops economically possible in 


India where the agriculturist is handicapped 
by his limited capital resources is an intensely 
difficult ])roblem. It is wron«4 to adopt a defeat- 
ist attitude in this matter. Iiideid, the .scien- 
tists of India could turn their attention to no 
greater or more stimnlatinj.* task than that f)f 
providing an increa.sed supply of cattle foods 
of j*c)od (piality all the year round and of find- 
ing ways and means of develo]uim in Indian 
villages a system of balanced agriculture by 
which the people could be better fed and the 
wealth of the country increased. In India aj^ri- 
cultural science and animal hu.sbandry should 
be intensively a])|>Iii‘d to the ])roblem of the 
economical production of the ])rotective food- 
stuffs of animal ori;.pu, an increased supply of 
which is particidarly necc.ssary for the proper 
health and development of the peoide of this 
country. “I siij».i;i*st,'’ Col. ()I\ er said in con- 
cluding his addre.ss, '‘that the solution must 
to a very lar«e extent lie in ediicatiim the 
public as to the essential importance to health 
of an adetpiate and .sound supply of milk and 
other foodstiills of animal origin and in pro- 
vidiim better facilities for their production, 
jireservation, transportation and niarketin.i», so 
that villa.ee cultivators .and stock-owners may 
be abb* to product* more fodder crops, to 
supph'ineiit the j»razin.e' available, more and 
better farmyard manure or compost, and better 
stock ; thereby iucreasin.e their income 
and the nutrition of the family while maiu- 
tainini’ the ferlility of tlurir holdin^^s and 
niakiim u substantial C(Uitribution to the main- 
tenance of juiblic health.” 


Physiology 


Physiology in India 

— I.l. r.ol. S. i. Hliiilia 

III India as elsewhere, the history and ^^rowtli 
of phvsiolo^»y were inscpar.ahly connected with 
those of medicine. 

Mediei.ic had been practised and tauj^ht in 
India from times immemorial. Tlie system of 
medieine iiidij^enous to the soil was the Ayur- 


vedic. Snh.sequcntly the Unani or the (irenco- 
Arahi.an system was introduced. Inany system of 
medicine, .some liypothesis as regards the normal 
functions of different orf»ans of the body was 
e.s.sential, in order that morbid proce.s.ses ocenr- 
rinj* in different di.seases may be }>ivcn arational 
explanation. The physioloj-y of the Ayurvedic 
sy.stem consisted of certain ‘humoiir.s' which 
pervaded different jiarts of the body. The 
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UiKini system was noted specially for its clic- 
iiiistry which had its origin in y\iahia. Its 
physioloj*y was mainly that <>f ( lalen. 

Then he described the steps that led to 
the introduction of modern medicine ami 
physiolo;»y into India. It was to Lord 
William Hentinck, the (lovernor (leiieral, that 
the credit was larj^ely due for initiating’ 
higher medical education in India. In isil.t, for 
improvinj.r the Medical School in Calcutta, he 
a])pointed a committee who.se deliberations 
had a most lu'ofound elVect nii the future 
course of medical education iu India. Lt. C<do- 
nel Hhatia then hi icily described the origin t>f 
the medical colleges in Calcutta, Madras and 
thedrant .Medical C(»lle;»e, litunbay, the three 
oldest medical collej^es in Imlia, where the 
teachin|L> of modern medicine and i)hysiolo.ey 
first .started. Siibsecimuitly numerous other 
iiUMlical colle;*es and schools were established. 

Laboratory tdivsiolo^y is not an end in it- 
self, but a means by which we can nmlerst.and 
the larj’cr jirohleins of life, and specirdh- hnmaii 
life on this c*arlh. It was a melancholy fact 
tliat in proportion to the knowledj^e of physics 
and chemistry the km»wledoe of l>iolo.iL»ical 
.scienc<‘s in the country was comparatively 
niea}*re. Ami yet in consideriiij4 ways .-nd 
means to ])rin}4‘ ahont social recoastniction, and 
physical welLheiii^ of the I’cople, a know- 
ledge of physi<do«»Y was indisju-uscdile. 

'riie subject of bodily nutrition was the 
sj)ecial domain of the plivsioloyist. Dnriiii^ 
the last 2 S years or .so very imj)orlaiit investi- 
gations had been carrii-d out in the field of the 
qualitative side of dietetic.s, specially the l)io- 
loj'ical value of dilferent jiroteins ol .animal and 
YCKet.ahle oii.eiu, ami of the siiecial si.i'uific.aiice 
of the mineral constituents of the diet and 
vitamins. He appcaloil that the subject of 
iinlrilioii in India needid to lie .invesli^^ate^l 
from many points of view. To the pbysiti- 
lo^ist it olVercil j^rciil opixirtiiiiities for orit»inaI 
research work. He trusted that many workers 
would he attracted by it, for the knowledge thus 
trained would be of direct benefit to our 
countrymen. 


There was a tendeiiey amouHr.st workers in 
Imlia to iuvestij»ate normal ]>hYsiolo;»ical con.s- 
tants liere. This information was of the utmost 
value, as it woiilil iiidicat<‘ any dillereiices that | 
miiiht exist when compared with data from 
luiropeaii couulriis. It wouhl throw lij^hl on i 
any racird or envinuiiiunt.d variations that » 
may occur. We slumhl thus have a basis for 
racial or anthrojiolo.eical physiolo.^y — an iiii- 
poitaiit hraiich of human iilnsioloj^y which 
hatl not I'lceivi'd siillicieiit attention hitherto. 

Another fruitful lim* of physioio^ii'.'d in- 
vestigation w.is to ascertain the f.actors con- 
Ceriieil iu the adaptation to tropical comlilions. 

In the ])reclinie:d .eroiiiJ of subjects pbysio- 
lo}.jy orcn])ied ;i p(vsiti«)n of tlu* first rank. 
Tlu*re had iieim a liivat deal of discn.ssioii in 

¥ 

recent years in Lii.elatid and elsevvbi-re re- 
.eardiiijL* the scope and function of this pri*eli- 
nical in: Irnclion. The wide .enlf that separates 
the i>reclinic:d and clinical sciences shouUl be 
briifni'd and there should bt‘ continuity of 
insirnction in the pnalinic.il silences in the 
clinical yi'ars. 

In .'lonclusion Ll. Colonel Uliatia said that 
the two ^reati'st needs of the hour in the 
.scientific world in India were to have more 
scientific woi!;ers of lirsl-class ability, ami to ♦ 
have barmony ami .eood-will anionj»sl them. 

( latherin^s sm h as these, apart from promotiii;*- 
scientific discussions ami advancement of 
science hroni^hl about uuily and friemlsbi]) 
amongst the workms. 'I'liey establislud such 
contacts ;is were not iiossihle in any either 
way. He hoped that the Section of Tliysio- 
loj^y would promote solidarity and cordial 
rel.'itions amoii.est all tlu' physioloj^ists in 
Inelia. Thus, physiolo^v will m.ike a 
headway, and its jiioj^iess will be a priele to 
ns all. ‘Let ns Iberefore, inarcli forwanl and 
fiilfd onr mission eif serving: Physiology with 
faith, hope, and cliaiity, with faith in the iilti- 
mate heiiij^n aim of onr science, with hope 
which will .strenj>then all onr elTorl.s, and with 
charily in which, as men of science to be 
worthy of our vocation, we must live, move, 
ami have our beiii«.' 



Psychology 


I The Social Mind of the Individual 

i 

— I'rof. K. I'.. \liikli<*rii 

Social relations are essentially mental. In 
the iinli vitlnal’s mental life some one else is 
invariably involved. There arc iu)t at first 
individuals and then a social unity, as there 
mi^ht be bricks ami then a jiile of them. 

Some believe tli.at colh'ctive conseionsne.ss 
is the hij^hest form of psychic life, ami .society 
is the real t»<*d. Any alleged superiority of 
social mind can liaially as a rule be maintained. 
If a wave of ein(»tional agitation sweeps thrcjiigh 
the group each niav liecome less than him.self, 
le.ss critical and more .snggesti.ble. 'I'here is a 
considerable tendency to change one's opinion 
as a result of disenssion, but it ’s experi- 
mentally observed that the females ] no fit more 
by this disenssion than the males. We ob.serve 
practically that tin* nnmbi*r of jurors is increas- 
ed to ib'cide cases of murder while to keep 
the look-out for tin' safety of the ship only 
! one man, and not ti*n, is employi'd. 'fhe weight 
of respoiisibilitv is divided aimnig' the members 
of the groiii) and weakened in proportifin 
for each man. Ihit for this diminution of the 
sense of respoiisibilitv man can hardly comlemii 
/" another to death. The gn)np or committee 
decision is soinetiim-s alt«)gether irresjunisible 
and may only be an intellectual necessity to 
avoid the crushing weight of high imlividiial 
responsibility. 

vSocial consciousness follows almost a cyclic 
order of devclo]>ment. 'fhe individual is more 
a .social outcome than a .social unit. The child 
is not an individual when he enters into the 
.society but he grows into an individual by 
social interaction. The outline of the indivi- 
dual gradually ap])ears, and at every stage it 
shows the pattern of the social culture of which 
he becomes a specification. The social culture 
in the last analysis comes from the individuals 
; themselves. So individuals should he not mere- 


ly static conformists to, but creative artists 
of, culture. A non-creative personality or a 
ciiltnrallv jirissive mass is a failure, educational 
as well as social. »So the political or legal 
organization shonhl have only secondary value 
as e.xisting for the sake of cultural institution 
and activity. 

The consciousness of the family groii]) pre- 
]iares the chihrs miiul for and acceiitiiates the 
develo]>inent of wider group sentiment. The 
family sentimenl and the national sentiment are 
equally strong in Scf>tchmen, especially the 
Highlanders. 'Phe family sentiment is very 
keen among llu* Ja]>anese who are also noted for 
their high national spirit. 'Phis is also true 
of (lermany and Italy. 'Phe peo])le of ICast 
Hengnl are noted for their national onlhnrsls, 
but their sentiment for joint family system is 
also highly remark.able. AUlu>ngh any vital 
coinieetiou can hardly b(* established in view 
of the low si'iise of nationality po.s.sessed by 
l^rimitive peoi)le in spite of intense family 
.sentiment, but still tlie importance of tlie 
mental effects of family life in relalif>ii to the 
foundation of national sentiment should be 
no less iiisisteil on than tlu' ini]^ortanee t»f 
tlie organization f)f the family life for the 
maleri.il welbo'e of the slate, and it is ])robably 
true that any barrack system of rearing iij) 
state children, il introduced, would be di.sa.s- 
trous to the growth of national life. 'Pliere is 
no reasrin to find in the family a natural 
menace to the development f)f wider .social 
feeling. Unles.s narcissistically fixated and 
concentrated the family .sentiments aid rather 
than impede the development of liigber social 
seiiliment.s. 

Peo|)les are grea'ly moulded by their i)hy.si- 
cal environment. In India the astounding 
magnitude of the objects and the appalling 
cliaracter of the devastating forces of nature 
stimulated the uncritical minds of the people 
into grotesque fancies which ])robably led them 



to portray «:ods with many arms, throe %yos, 
and terrible visaj»cs. 

There is some evidence that the crossirij* of 
closely allied stocks does conduce to increase 
of vi^^onr and i-iirr^y of mind ami body and 
also to the variability of the stock for the 
production of persons of e.\cei>lional L»ifts. 
The Chinese have a hii»h avcrajiie ability and 
are a relatively pure race but their cnilnre has 
staj^Miated for want of men of exceptional capa- 
city. So the rij»onr of the exclusive caste 
system for the maintenance of the purity of 
blood is not bioloj^ically sound, Ihit the cross- 
inj^ of the widely diHerent stocks is snpposi tl 
to ])rodnce an inferior race. So the hjirasiaiis 
of India are said to be of a comi)arati vely 
poor race. Ihit anv nnivnsal characteri/atioii 
of the iCnrasians is risky when the unit qua- 
lities of the parental stocks are not blended and 
the individual <»f a blended stock is a mosaic of 
such unit character. 

Seinmer concludi*s that social or racial pre- 
judice is !)ased on recoj,;uition of diU'erences, 
but prejtidice simply because of dilVeieuccs tloes 
not exist. 'Piiere is no helini* of hatred be- 
tween the S])aniards and Indians m s|)ite of 
din'ereiices in CJ)lour, si)eech, liaints, and dressi's. 
The dilVereiice is only an eh nunt in the tot.d 
situation, .sometimes it may be ihe sym])toni 
and not the cause of the disease, 'riu* main 
determinant consists in the baulked impulses 
of the politically, ecolioinically, and culturally 
dominated .eroup. Dill'ereiices are empliasi/.ed 
because they oiler the readiest ratioiiali/ation 
for defence aj;ainst real or fancied daimers. 


It is for the accentuation of the dynamic rela- 
tion that the Ilimlu-Muslim tension exists. The 
policy to multi ply such relations of a j^ronp with 
dilVereiit j^ronps is dcstrnctivi* of its vitality. 
When any tmisioii occurs the reaction may aim 
at the immediate externiiii.ation of the threateii- 
in}4 force for the restoration of the iiiterjL»ronp 
e(|nilihrinm, hut history shows that men cannot 
he made to ehan.ue their opinion by direct 
coercion. 'I'll is is an insliiietive niojK* of re, ac- 
tion ill which till- end is directly aimed at and is 
characteristic of the lower order of aiiiiii.al 
behaviour. Reason wt>rks thron}.»h stratagem 
in a roiiiid-aboiit way. 'I'lie strate«v that re.a.son 
is to eiiiidoy in li(iiiidatiii« the baulked im- 
pulse of social prejndici: should be far remote 
from the end and will luovi* ellieieiit in ]>roj)or- 
tion as it operates iiiicoiiseionsly of tlie j^ioal. 
^riiis verv remoteness of the iiieasnre of the 
soci.al process is the cause of its ^reat ellieieiicv. 
'I'his is somewhat of the nature of a weight the 
power t)f which, when tlirown on the loiij'cr end 
of a lever, is ninlti plied in transmission. 
(iandhiji\s vSatva^raha moveiiieiil to stoj) the 
driiikiii}4 hahit of the masses fails heeanse of its 
very clear and direct attack upon the end. 
Improvement of conditions, introduction of 
.eoo<l musie, drama, education, etc., would, how- 
evi’i' slowly, prt)dnce a more stable elVect. 
So lei'islalion ofti n fails It) elleet social amelio- 
ration. In llatteiiiii'^ a warpetl iron-plate strokes 
are to lu* judiciously admiiii.steied lirst outside 
the warjuMl part, otherwise new tlefects would 
be produced. vSlionld we think that hnmaiiity 
c.'iii be more reatlilv st rai^liteiied tliaii even 
an iron-plate ? 
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